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Finding of No Significant Impact (FNSI) 
Programmatic Environmental Assessment for a Grazing Lease at  

FORT HOOD, TEXAS 
 

The National Environmental Policy Act of 1969 (NEPA) requires federal agencies to consider 
potential environmental impacts prior to undertaking a course of action. NEPA is implemented 
through regulations promulgated by the Council on Environmental Quality (CEQ) (40 Code of 
Federal Regulations [CFR] Parts 1500–1508) and within the United States (U.S.) Department of 
the Army (Army) by 32 CFR Part 651, Environmental Analysis of Army Actions.  In accordance 
with these requirements, Fort Hood prepared an Environmental Assessment (EA), which is 
incorporated by reference, to consider environmental effects that could result from implementation 
of the Preferred Alternative, which is to issue the Central Texas Cattleman’s Association (CTCA) 
a five-year grazing lease (2020-2025) permitting up to 2,000 animal units (AUs) on Fort Hood, 
Texas annually. 

1.0 TITLE OF ACTION 

Programmatic Environmental Assessment for a Grazing Lease at Fort Hood, Texas, 
dated October 2019.  
 

2.0 BACKGROUND INFORMATION 

The Environmental Division, Directorate of Public Works (DPW) at Fort Hood, Texas, has 
prepared an Environmental Assessment (EA) analyzing the potential environmental impacts 
resulting from authorizing use of Fort Hood rangelands for cattle grazing for the next five years 
(2020-2025). 

 

The attached Environmental Assessment, which is hereby incorporated by reference, was 
prepared in accordance with the National Environmental Policy Act (NEPA), the Council on 
Environmental Quality Regulations for Implementing the Procedural Provisions of NEPA (Title 40 
Code of Federal Regulations Parts 1500–1508), and the Department of the Army Procedures for 
Implementing NEPA (32 Code of Federal Regulations Part 651). 

 

The U.S. Army Garrison Fort Hood, Texas (Ford Hood) has an estimated on-post population of 
68,448 and is located in Central Texas, approximately 60 miles from both Austin and Waco, 
adjoining the cities of Killeen, Copperas Cove, and Gatesville.  Fort Hood is located in Bell and 
Coryell counties, with the majority of its training lands in Coryell County. 

 

Fort Hood occupies approximately 342 square miles or 218,823 total acres.  It is one of the largest 
armor posts in the United States and is home for approximately twenty percent of the active Army.  



 

  

Approximately 196,797 acres of this land is range and training land. Approximately 32,525 acres 
is used for maneuver training area and 62,272 acres is used for range live-fire area. 

 

Since 1942, Fort Hood has continuously renewed a grazing lease allowing previous land owners 
to graze cattle on training lands.  The Central Texas Cattleman’s Association (CTCA) was formed 
by these landowners to manage their cattle grazing rights on Fort Hood.  

 

3.0 DESCRIPTION OF THE PROPOSED ACTION 

The Proposed Action is to implement the renewal lease for cattle grazing in accordance with the 
Modified Combination Strategy, a Grazing Management Plan (GMP) that identifies a sustainable 
stocking rate for each of the eight Grazing Management Units (GMUs) on Fort Hood, Texas.  The 
proposed action includes specified annual stocking rates for each of the GMUs.  The proposed 
action does not prescribe use of rotational grazing and would not authorize construction of any 
permanent features anywhere on Installation lands. 

  

Fort Hood training lands have been divided into eight GMUs based on geographic configuration, 
potential barriers to cattle movement between areas, and training uses. The Eastern Training 
Area, West Fort Hood, and Western Maneuver Area are each divided into north and south GMUs, 
while North Fort Hood and the Live Fire and Impact Area are managed as whole GMUs.  Due to 
the lack of fencing and other barriers within GMUs, stocking rates would be managed on a GMU 
basis. 

 

4.0 ALTERNATIVES 

A total of six alternatives were considered as meeting the purpose and need; however, only four 
were carried forward for further analysis. Each alternative used a distinctly different method to 
calculate stocking rates for each GMU based on the amount of consumable perennial vegetation. 
  
No Action Alternative (Alternative 1) 

The CEQ regulations and Title 32 CFR Chapter V Part 651 (Environmental Analysis of 
Army Actions AR-200-2) require that a No Action Alternative be evaluated. Analysis of 
the No Action Alternative assists in our understanding of the anticipated impacts of the 
proposal and the severity of those impacts.  It allows for a comparison to be made of 
future environmental conditions, both with and without implementation of the proposed 
plan.  The No Action Alternative must be considered for comparison purposes, while other 
alternatives to the proposal may be eliminated from consideration.  The No Action 
Alternative includes any actions or changes that would occur, regardless of any proposed 
alternative. 
 



 

  

Under the No Action alternative, the installation would re-issue a five-year lease under 
the same terms and conditions as the current grazing lease (2015-2020). This lease 
authorized up to 2,000 AUs to be grazed annually within seven GMUs. Two GMUs are 
considered swing space and are only authorized for grazing use when other areas of the 
installation have been deferred because of poor rangeland conditions or training use. 
 
25% Harvest Efficiency (Alternative 2) 
Under this alternative, the Natural Resource Conservation Service (NRCS) standard 
method to determine stocking rates on privately owned rangelands was used. This 
conservative method is known as 25% Harvest Efficiency, which assumes that if 50 
percent of forage present in a pasture is left ungrazed, there would be adequate soil cover 
and residual forage to maintain ecologically healthy rangelands. Of particular note, this 
alternative does not specifically factor in training utilization of rangelands and assumes 
that all other land uses are not contributing to loss of forage or soil erosion. Under this 
alternative, a total of 2,338 AUs could be stocked annually, Installation-wide. The same 
terms and conditions of the existing lease would be carried forward except for the modified 
stocking rate. 
 
Combination Strategy (Alternative 3) 
Under this alternative, the Grazing Use Model developed specifically for Fort Hood was 
used to calculate the stocking rate of each GMU. This alternative accounts for training 
utilization of each GMU and has specific thresholds and management levels based on 
historic and future training utilization of that GMU when compared to the available forage 
amount calculated under the most recent forage inventory. Under this alternative with 
erosion rate less than 1 in each GMU, a total of 1,544 AUs would be stocked annually, 
Installation-wide. (However, it should be noted that there is a standing Installation-wide 
policy that states that if the calculated soil erosion indices for all GMUs under the 
alternative are calculated to be less than 1, then a minimum 2,000 AU stocking rate should 
be set.) 
 
Modified Combination Strategy (Alternative 4) – Preferred Action Alternative 
The Preferred Action Alternative stocking rate was calculated by considering the stocking rate 
calculated in Alternative 3 and adjusting those stocking rates to achieve 2,000 AUs to meet the 
Installation-wide minimum when soil erosion indices are below 1 in all GMUs. Under this 
alternative, the CTCA would be authorized to graze up to 2,000 animal units (AUs) annually 
Installation-wide between 2020 and 2025. The terms and conditions of the existing lease (2015-
2020) would be carried forward to this lease except that the stocking rate for each GMU would be 
changed to the following: 

• Western Maneuver Area – North: 370 AUs 

• Western Maneuver Area – South: 237 AUs 

• West Fort Hood – North (Northeast and Northwest managed as one GMU): 85 AUs 

• West Fort Hood – South: 109 AUs 

• Eastern Training Area – North: 293 AUs 

• Eastern Training Area – South: 147 AUs 



 

  

• North Fort Hood: 9 AUs 

• Live Fire and Impact Area: 750 AUs 

    

5.0 SUMMARY OF ENVIRONMENTAL EFFECTS  

The analysis of the potential environmental impacts are documented in the EA.  Table FNSI-1 
provides a summary of the potential impacts to environmental and socioeconomic resources that 
would result from implementing the Preferred Alternative (Alternative 4). Impacts from the No 
Action alternative would be comparable to the existing condition for all resources. For Alternative 
2 and 3, the impacts described in FNSI-1 would be very similar except that as the stocking rate 
increases, the impacts would also be expected to increase and vice-versa. However, impacts 
from implementing any of the alternatives would not rise to the level of significant. 

 

Cumulative Impacts were also analyzed for past, present and foreseeable future projects. The 
analysis considered activities within the Areas of Interest (AOI), which is defined as Bell and 
Coryell counties.  The proposed project location is located throughout the eight GMUs on Fort 
Hood; therefore Fort Hood projects were included in the cumulative impacts for this AOI. 

 

For each potential environmental impacts detailed below the cumulative impact is also addressed. 

TABLE FNSI-1 

Summary of Environmental / Socioeconomic Impacts from the Preferred Alternative  

Valued 
Environmental 

Component 
Potential Environmental Impacts Resulting 

from the Preferred alternative 
Mitigation Measure to 

Minimize Impacts Resulting 
from the Preferred Alternative 

Land Use and 
Visual 

Resources 

Stocking rates would be maintained in the Live Fire 
and Impact Area at the established maximum. The 
overall AU stocking rate would be unchanged; 
however, some GMUs have a slight increase in 
stocking rate while others have a decrease. There is 
a slight chance of increased training disruptions as 
more cattle are stocked; however, it would not rise 
to the level of significant. 
 
Since the annual stocking rate would remain 
unchanged Installation-wide, the existing condition 
for visual resources would be maintained.  

None 
 
 
 
 
 
 
 
None 

Air Quality and 
Greenhouse 

Gas 

There would be no change from the existing 
condition since the annual stocking rate is not 
changing. 

None  

Noise Grazing does not contribute to noise levels above 
ambient conditions; therefore, grazing would have 
no beneficial or adverse impact on noise.  

None 



 

  

Valued 
Environmental 

Component 
Potential Environmental Impacts Resulting 

from the Preferred alternative 
Mitigation Measure to 

Minimize Impacts Resulting 
from the Preferred Alternative 

Geology and 
Soils 

Stocking rates were calculated to account for 
potential soil loss from overgrazing. Average soil 
erosion indices indicate that under this alternative, 
soil loss from grazing and training activities, 
combined, is within the acceptable range of soil 
loss as determined by NRCS and is not considered 
significant. 

None 

Water 
Resources 

 
 

Direct impacts on water quality would continue, but 
are not likely to increase from the existing condition. 
Maintaining a sustainable stocking rate would 
minimize indirect impacts on water quality. Grazing 
would have no impact on the extent of jurisdictional 
wetlands.  

None 
 
 
 

Biological 
Resources 

Grazing would continue to have less than significant 
impacts on the composition and structure of 
vegetation communities and the suitability of 
terrestrial and aquatic habitats for wildlife. By 
maintaining a conservative stocking rate, habitats 
special status species rely on would be maintained 
nearly identical to the existing condition.    
   
Threatened and Endangered Species, Migratory 
Bird Treaty Act (MBTA), Special Status Species 
ESA-listed species (golden-cheeked warbler), 
migratory birds, and state listed species would 
continue to be adversely affected by cattle grazing, 
mainly through removal of grassland cover and 
attraction of brown-headed cowbirds which 
parasitize the nests of other bird species. 
Maintenance of residual forage and a mixture of 
habitat types across the Installation would not result 
in take or contribute to decline of any species. 
Likewise, the rate of parasitism would continue to be 
monitored and controlled in compliance of the 2015 
BO. Continued monitoring of various species across 
the Installation would continue and could indicate 
any adverse effects, in which the Installation could 
respond by reducing stocking rates.  

None 
 
 
 
 
 
 
 
None  
 
 
 
 
 
 

Cultural 
Resources 

None None 

Socioeconomics None  None 

Energy/Utilities None None 

Transportation None None 

Airspace None None 



 

  

Valued 
Environmental 

Component 
Potential Environmental Impacts Resulting 

from the Preferred alternative 
Mitigation Measure to 

Minimize Impacts Resulting 
from the Preferred Alternative 

Hazardous and 
Toxic 

Substance 

None  None 

 

In terms of cumulative impacts, the Preferred Alternative and No Action Alternative were analyzed 
for land use, water, soils, air, biological resources, utilities and transportation, noise and 
hazardous materials and waste.  Following review of the alternative actions in combination with 
other past, present, and reasonably foreseeable future actions within the training lands of Fort 
Hood, the U.S. Army determined that either no cumulative impacts or no significant cumulative 
impacts would occur. 

 

6.0 PUBLIC COMMENTS  

The EA, including the Draft FNSI, were made available for a 30-day public review and comment 
period.  A Notice of Availability (NOA) of this document was published in the Killeen Daily Herald 
newspaper on October 7th, 2019.  During the 30-day public review and comment period, copies 
of the EA and draft FNSI were made available at the Killeen Public Library located at 205 East 
Church Avenue, Killeen, Texas 76543.  An electronic copy was also made available at 
https://home.army.mil/hood/index.php/units-tenants/Garrison-1/DPW/ENV/NOA. 

 

[Summary of Comments Received] 

 

7.0 CONCLUSION 

Based on a careful review of the EA, which is incorporated by reference, I have concluded that 
no significant environmental impacts are anticipated to result from the implementation of the 
Proposed Action under the alternative analyzed.  Therefore, an Environmental Impact Statement 
(EIS) is not required. 

 

Fort Hood sincerely appreciates the participation of the public in the EA.  All public and agency 
comments are part of the administrative record and have been carefully considered by Fort Hood 
prior to making final decisions covered under this analysis. 

 

APPROVED: 

 

 



 

  

 

___________________________________________ 

NANCY SANCHEZ       

Environmental Law Attorney 

Office of the Staff Judge Advocate 

Fort Hood, Texas 

 

 

 

___________________________________________     

BRIAN L. DOSA          

Director of Public Works 

Fort Hood, Texas



 

  

1.0 PURPOSE AND NEED FOR ACTION 
  

1.1 INTRODUCTION 

Fort Hood Military Reservation (Fort Hood) became a permanent Installation in 1950, but was 
initially established as Camp Hood in 1942. The creation of Camp Hood and later expansion to 
Fort Hood was made possible by the condemnation of private lands by the Federal government, 
allowing the United States (U.S.) Army (Army) to prepare Soldiers for tank destroyer combat 
during World War II. In exchange for the condemned land, private land owners received fair 
market value and a 5-year lease to allow continued grazing of the land. Every five years, the 
terms of the lease and the effects of grazing are reviewed and a lease may or may not be 
renewed. The most recent grazing lease was accepted by the Central Texas Cattlemen’s 
Association (CTCA) in 2015.  

The intent of this EA is to assess and disclose the known and potential environmental 
consequences, both beneficial and adverse, of alternative Grazing Management Plans (GMPs). 
Key issues to be addressed in the EA are the potential effects of alternative GMPs on the 
sustainability of the landscape, soil quality, water quality, natural resource management, military 
training activities, and surrounding communities. The EA will help provide an independent, 
unbiased analysis and comparison of alternatives to the Proposed Action. The EA will assist 
Fort Hood in deciding how best to implement grazing activities and to assess the direct and 
indirect environmental effects that may result from alternative GMPs. 

This EA is divided into six sections. Section 1.0 provides an introduction to the EA and 
supporting background material, a description of the Proposed Action and the purpose and 
need for the Proposed Action, the regulatory framework guiding preparation of the EA, and a 
record of the public involvement and agency coordination conducted during preparation. Section 
2.0 describes the alternatives considered for evaluation, including the No Action Alternative. 
Section 3.0 describes the existing natural and human environment in the affected area and 
identifies operational and environmental criteria that will be used to evaluate and compare the 
alternatives. Section 4.0 discusses the potential environmental consequences of implementing 
each alternative. Section 5.0 discusses the cumulative effects of past, present, and reasonably 
foreseeable future actions and the Preferred Alternative for this project. Section 6.0 provides a 
list of references cited. 

1.2 BACKGROUND 

Fort Hood occupies approximately 335 square miles of Central Texas in Bell and Coryell 
counties (Figure 1-1) (Fort Hood 2009a). The Installation is 60 miles north of Austin and 50 
miles south of Waco. Fort Hood's infrastructure, power projection capabilities, and state-of-the- 
art training facilities support upwards of 50,000 active and Reserve Army personnel. 

Since 1942, Fort Hood has continuously renewed a grazing lease allowing previous land owners 
to graze cattle on training lands (Fort Hood 2009b). The CTCA was formed by these landowners 
to manage their cattle grazing rights on Fort Hood. Providing a lease for continued grazing on 
training lands is consistent with Fort Hood’s “good neighbor” policy and also supports the 
military mission by maintaining the condition of the training landscape and providing revenue to 



 

  

fund natural resource management on the Installation. The Army recognizes that a healthy and 
sustainable landscape is required to support the military mission and that properly managed 
grazing is compatible with the military mission. 

Historically, the stocking rates on Fort Hood were determined using the 25 percent Harvest 
Efficiency method (USACE 2003, Fort Hood 2009b), which the Natural Resource Conservation 
Service (NRCS) recommends as the standard method to determine stocking rates on privately 
owned rangelands. This method is generally considered to result in moderate stocking rates, 
and is based on the premise that 50 percent of forage present in a pasture shall be left 
ungrazed to provide adequate soil cover and to keep the vegetation stand healthy. In 1996, the 
Installation-wide stocking rate was set at 3,500 animal units (AU) using this method. In 1997, 
the NRCS conducted a vegetative resource inventory to determine the ecological health of 
training lands and to recommend livestock carrying capacities for various vegetation 
communities on Fort Hood (NRCS 1998). The findings of the vegetative resource inventory 
indicate that stocking rates were too high on most of the installation and that grazing and 
training deferments were necessary on all areas void of dense vegetative cover (USACE 2003). 
The inventory noted extensive rill and gully erosion, poor ecological conditions, and a lack of 
similarity between existing rangeland conditions and the historical climax plant communities 
(NRCS 1998). An additional finding of the inventory was that rest from military activities and 
grazing did not necessarily improve site condition. Despite the findings, the stocking rate was 
not changed. 

In 2000, the Army began preparing an EA to consider modifying the lease stocking rate by 
reducing stocking rates and incorporating adaptive management, including deferral of grazing, 
into the GMP, particularly in GMUs where poor ecological conditions and trends away from 
climax plant communities were recorded. Upon review of the EA, agencies commented that Fort 
Hood proposed overly complicated grazing management strategies and that stocking rate 
calculations performed at that time employed inadequate data. As a result, the Army agreed to 
prepare a Supplemental EA (SEA) to include the results from a forage inventory conducted on 
the Installation by the NRCS. 

In 2001, the NRCS conducted a second forage inventory at Fort Hood, which indicated that 
productivity of palatable perennial species had declined substantially since 1996 (NRCS 2002a). 
The observed decline in productivity was attributed to multiyear drought conditions, continuous 
and heavy grazing, and concentrated military training. In 2002, the NRCS conducted a third 
forage inventory of the Installation (NRCS 2002b), and the results were incorporated into an 
SEA prepared by the USACE (2003). The 2003 SEA evaluated several alternative GMPs used 
to calculate stocking rates based on the observed availability of forage and an evaluation of 
scheduled military training activities. The SEA identified a preferred alternative that maximized 
grazing opportunities while minimizing potential impacts on environmental resources and 
military training activities. The preferred alternative was implemented from 2003 to 2010.  
During this time, recommended stocking rates have generally been less than 2,000 total AU on 
an Installation-wide basis. 

 



 

  

 



 

  

In 2010, the CTCA requested a renewed assessment of vegetation conditions. A new EA was 
prepared in which three alternatives were assessed including the No Action, a Limited GMP, 
and an Adaptive GMP. The Limited and Adaptive GMPs proposed stocking rates for only the 
first two years of the lease and stated that monitoring would dictate the outyears. The No Action 
was ultimately selected and implemented, which maintained the stocking rate at 2,000 AUs. 
This EA will utilize updated vegetation inventories to determine if the current stocking rate 
remains valid or if a modified GMP in warranted based on current conditions. 

1.3 PURPOSE AND NEED 

The proposed action is to issue the CTCA a 5-year grazing lease with grazing rights to Fort 
Hood that supports a stocking rate that sustains at a minimum the existing condition of 
rangelands while not interfering with training activities. The purpose of the Proposed Action is to 
identify a GMP that provides for sustainable grazing activity while not significantly impacting the 
environment or Fort Hood’s mission.  Fort Hood’s mission includes providing and maintaining 
the infrastructure to support strategic power projection and to train Fort Hood units and soldiers; 
maintaining a quality living and working environment for soldiers, families, retirees, and 
authorized civilians; and sustaining an effective partnership with surrounding communities (Fort 
Hood 2009a). 

To provide effective training, Fort Hood must manage the training area landscape (i.e., the 
appearance and natural characteristics of the area) for sustainability, realism, and functionality. 
Highly eroded soils are unable to sustain vegetation, and the formation of rills and gullies on 
eroded soils presents a safety hazard to Soldiers and limits tactical maneuverability. Areas that 
are obviously degraded by previous grazing or training activity detract from the realism of the 
current training activity. Areas that are stripped of their vegetation no longer resemble the 
undisturbed lands that might be encountered during real conflicts. Optimum landscape 
conditions provide sufficient vegetation to provide cover and concealment opportunities. 

The landscape condition of training areas can also affect the quality of life for the Fort Hood 
community. Local communities are connected by the public roadways which traverse the 
training areas, and the training areas provide multiple recreational opportunities when not being 
used for military activities. Cattle grazing was part of the local landscape prior to the 
establishment of Fort Hood and continues to be an important economic and cultural influence on 
the surrounding communities. Grazing lease proceeds are available to fund a variety of 
environmental stewardship programs on the Installation, ranging from maintenance of natural 
resources to preservation of cultural resources. Fort Hood believes that well-managed grazing is 
compatible with the military mission, and is in support of maintaining both the landscape and 
Fort Hood’s “good neighbor” policy. 

The need to support the Army’s military mission at Fort Hood remains ever present and includes 
providing necessary forces and capabilities to support Combatant Commanders in support of 
National Security and Defense Strategies. Fort Hood is one of the Army’s premier training 
Installations, and providing optimum landscape conditions for the practice of large-scale 
maneuvers using large numbers of personnel and equipment is necessary to ensure that Army 
Soldiers are effectively prepared for a variety of potential combat scenarios. The need to 
support natural resource management at Fort Hood stems from the need to support the military 
mission. 



 

  

 

1.4 COMPLIANCE WITH REGULATORY REQUIREMENTS 

The National Environmental Policy Act (NEPA) (Public Law [PL] 91-190, 1969) requires Federal 
agencies to consider the environmental consequences of all proposed actions in their decision- 
making process. The intent of NEPA is to protect, restore, or enhance the environment through 
a well-informed decision-making process. The Council on Environmental Quality (CEQ) was 
established under NEPA to implement and oversee Federal policy in this process. The CEQ 
issued the Regulations for Implementing the Procedural Provisions of NEPA (40 Code of 
Federal Regulations [CFR] 1500-1508, 1993). Army Regulation (AR) 200-2 implements CEQ 
regulations relating to the Army. These CEQ regulations and AR 200-2 provide for the periodic 
review of continuing activities to ensure that setting, actions, and effects which may have been 
previously assessed remain substantially accurate, particularly if changes in operation have 
occurred or are planned. This document assesses the environmental impacts associated with 
the implementation of revisions to the grazing program at Fort Hood. 

Department of Defense (DoD) Instruction Number 4715.03 “establishes policy and assigns 
responsibility for compliance with applicable Federal statutory and regulatory requirements, 
Executive Orders (EO), and Presidential Memorandums for the integrated management of 
natural resources including lands, airs, waters, coastal, and near-shore areas managed and/or 
controlled by the DoD.” DoD Instruction 4715.03 incorporates the requirements of the Sikes Act 
of 1960 and the Sikes Act Improvement Act of 1997 (16 United States Code 670), which include 
the preparation of an Integrated Natural Resources Management Plan (INRMP) in cooperation 
with the U.S. Fish and Wildlife Service (USFWS) and State fish and wildlife management 
agencies. The most recent INRMP for Fort Hood was prepared in 2019 and has been approved 
by the resource agencies. 

AR 405-80, 10 October 1997, Section 4-8, Management of Title and Granting Use of Real 
Property states: “The Department of the Army will not authorize the use of real property, water, 
or other natural resources when the use conflicts with the goals and intent of overall Federal 
policy on environmental quality and historical preservation. All actions will comply with 
applicable Federal and state environmental, historical, and cultural protection requirements as 
well as any applicable coastal zone management plans, floodplain, and wetland management 
(see AR 200-2).” 

In addition, Army (1999a) Department-Wide guidance on Reimbursable Agricultural/Grazing and 
Forestry Programs provides general criteria for Installation managers to determine whether such 
programs can be implemented on the Installation. The guidance states that outleasing and 
harvesting activities shall be conducted in such a manner as to support mission operations, 
support conservation compliance, and execute natural resources stewardship (e.g. maintain 
healthy ecosystems). Below are relevant excerpts from the guidance and the transmittal letter 
from the Assistant Chief of Staff for Installation Management: 

• Reimbursable agricultural/grazing and forestry activities are opportunities for planning 
and managing the landscape (i.e., the appearance and natural characteristics of the 
area) to fit the needs of the mission. Outleasing and harvest of forest products shall be 
conducted in such a manner to support mission operations, support conservation 



 

  

compliance, and execute natural resources stewardship, e.g. maintain healthy 
ecosystems, sustain biodiversity. (Section 2.a.) 
 

• Installation mission operations personnel (e.g., Installation G-3, Directorate of Plans, 
Training, Mobilization, and Security staff or equivalent and testing counterparts) shall 
determine optimum mission landscape requirements (i.e., ecosystem characteristics) in 
consultation with Installation conservation personnel. (Section 2.b) 
 

• Sustained reimbursable activities “must support the mission” of the Installation. The 
activity “must not encumber land that is needed for conducting mission operations.” The 
Natural Resource Managers “must coordinate with mission operators to identify 
opportunities to improve long-term mission access to land, increase training realism, and 
improve training flexibility.” [Section 3.a(5)(a)] 
 

• Installations that conduct these activities must identify how specific reimbursable 
program activities directly support mission landscape requirements and environmental 
stewardship in the INRMP or other appropriate planning documents where INRMPs are 
not required. Reimbursable program activities that obstruct these requirements are not 
eligible for automatic reimbursement authority. (Section 2.c.) 
 

• Agricultural and forest products shall not be given away, abandoned, carelessly 
destroyed, used to offset contract costs or traded for services, supplies, or products, or 
otherwise be improperly removed (except as authorized in 3b(9) and 3c(2)). (Section 
3.a(1)) 

Other laws, regulations, EOs, and guidance documents reviewed in the development of this EA 
are summarized within Section 3.0, and significance thresholds are provided in Section 4.0 in 
association with the resources to which they apply. 

1.5 PUBLIC INVOLVEMENT/AGENCY COORDINATION 

A Public Draft EA and Draft Finding of No Significant Impact (FNSI) was delivered to 
government and tribal agencies and was made available to the public for review and comment 
for a period of 30 days (Appendix A). [Summary of public comments will be inserted here prior 
to the final EA/FONSI is signed.]  

  



 

  

2.0 Description of the Proposed Action and Alternatives 
This chapter describes and compares the alternatives considered for the management of 
grazing on Fort Hood. This section presents the alternatives in comparative format, in order to 
define the differences, between each alternative and providing for a clear basis for choice 
among options by the decision maker and the public. 

2.1 STOCKING RATE CALCULATION 

The flow chart presented in Figure 2-1 documents the process by which cattle stocking rates are 
established on Fort Hood. The process contains three major steps: 

1. Selection of a stocking rate calculation method and 
training related forage reduction factor, 

2. Annual forage inventory, and 

3. Soil erosion rate estimation. 

2.1.1 Selection of Stocking Rate Calculation Method 

There are three distinct stocking rate calculation methods 
that could be used to establish stocking rates for GMUs on 
Fort Hood. Each of these methods were used to calculate 
a different stocking rate based on the amount of 
consumable perennial vegetation. 

25% Harvest Efficiency – The NRCS commonly uses this 
standard method to determine stocking rates on privately 
owned rangeland. This method is based on the premise 
that 50 percent of forage present in a pasture shall be left 
ungrazed to provide adequate soil cover and keep the 
vegetation stand healthy.  

Maintenance Threshold (750 pounds of ungrazed 
forage residue per acre) – The Texas Cooperative 
Extension Service states that optimal amounts of 
ungrazed forage for midgrass rangeland should range 
from 750 to 1,000 pounds per acre. Selection of a 
maintenance threshold of 750 pounds of ungrazed forage 
per acre aims to maintain current rangeland health 
conditions and to reduce erosion. 

Conservation Threshold (1,000 pounds of ungrazed 
forage residue per acre) – Similar to the Maintenance 
Threshold approach, this strategy retains a greater 
amount of ungrazed forage to promote an increased rate of rangeland recovery and decrease 
soil erosion. Cattle stocking rates calculated under this approach would be developed under the 
limitation that only the volume of forage in excess of 1,000 pounds per acre would be available 
for grazing. 

Figure 2-1. Stocking Rate Calculation Process 



 

  

2.1.2 Forage Inventories 

A forage inventory was completed in July 2019 using the same technique as used historically to 
determine the total available forage within each GMU. The inventory included collecting 
vegetation data at 70 randomly selected sample locations that were divided proportionately 
among the GMUs. The sampling technique identified plants within survey transects and 
categorized them according to forage suitability. This data was extrapolated to develop a 
prediction of the amount of consumable perennial vegetation in each of the GMUs. 

To calculate perennial consumable forage available in a given GMU, the actual grazeable acres 
were calculated. The forage inventory determined this acreage by using a combination of image 
classification and analysis by geographic information system (GIS) software on high-resolution 
aerial photography and bare ground, water, and development layers. Subsequently, the total 
area of bare ground, water, and developed areas was subtracted from the total acreage in the 
GMU to obtain a value for grazeable acreage. Between the 2012 and 2019 forage inventories 
indicate there was a loss of about 7,371 grazeable acres (Table 2-1). The loss of grazeable 
acres indicates a loss in the overall availability of forage to cattle.  

Table 2-1. Change in Grazeable Acres between 2010 and 2019. 

GMU Grazeable 
Acres (2012) 

Grazeable 
Acres (2019) 

Change in 
Acres 

Western Maneuver Area – 
North 35,045 33,421 -1,624 

Western Maneuver Area – 
South 32,108 29,932 -2,176 

West Fort Hood – Northeast  1,468 1,370 -98 

West Fort Hood – Northwest  3,856 2,316 -1,540 

West Fort Hood – South  9,363 9,005 -358 

Eastern Training Area – North 29,182 28,745 -437 

Eastern Training Area – South  22,614 21,587 -1,027 

North Fort Hood 3,798 3,687 -111 

Live Fire and Impact Area 60,500 60,500 0 

Total 197,934 190,563 -7,371 
 

Table 2-2 provides a summary of the total annual production (all species types within a sample 
plot) and the total annual consumable production (only species that cattle consume) for each 
GMU as indicated in the Forage Inventory Report.  

It is important to note, that the forage inventory is a snap shot in time and many factors can 
affect the actual consumable forage including but not limited to precipitation patterns and 
temperature during the growing season, establishment or expansion of undesirable/non-
consumable species, wildfires, length of growing season, time of year, training intensity, etc. 

The assumed forage requirement to support one AU is 9,490 pounds (lbs) of perennial 
consumable forage per year. The carrying capacity or stocking rate of each GMU is determined 



 

  

by dividing the total perennial consumable forage by a factor of 9,490 lbs of forage per AU per 
year. Appendix A contains a copy of the most recent completed forage inventory. 

Table 2-2. Total Annual Production by GMU based on the 2019 Forage Inventory 

GMU Grazeable 
Acres 

Total Annual 
Production 
(lbs/acre/yr) 

Total Annual 
Production 

(lbs/yr) 

Total 
Consumable 
Production 
(lbs/acre/yr) 

Total Annual 
Consumable 
Production 

(lbs/yr) 

Western Maneuver 
Area – North 33,421 1121.66 37,486,460 850.27              

28,416,569  

Western Maneuver 
Area – South 29,932 450.01 13,469,654 362.98              

10,864,606  

West Fort Hood – 
Northeast 1,370 567.36 777,425 327.53                  

448,801  

West Fort Hood  – 
Northwest 2,316 1627.72 3,769,279 1100.73                

2,548,940  

West Fort Hood – 
South 9,005 614.63 5,534,860 424.22                

3,820,140  

Eastern Training Area – 
North 28,745 562.28 16,162,941 386.88              

11,121,128  

Eastern Training Area – 
South 21,587 439.16 9,480,340 210.68                

4,548,134  

North Fort Hood 3,687 195.08 719,217 92.38                  
340,569  

Live Fire and Impact 
Area -- -- -- -- -- 

 

2.1.3 Soil Erosion Rate Estimation 

The results from the most recent forage inventory were used in the development of estimates of 
soil erosion in each GMU using the Revised Universal Soil Loss Equation (RUSLE). This 
methodology is commonly used by the military for assessing erosion on military training lands 
and as part of Integrated Training Area Management (ITAM) Programs. The RUSLE equation 
estimates the average soil loss in tons per acre per year based upon the following factors: 
rainfall-runoff erosivity (R); soil erodibility (K); slope-length (L); slope-steepness (S); cover 
management (C); and support practice (P). Detailed procedures for RUSLE calculations 
referenced here are found in Appendix A.  

Erosion estimates are compared to acceptable soil loss values that were developed by the 
NRCS for each soil type found on the Installation. If erosion estimates exceed the acceptable 
soil loss tolerance limits, grazing must be deferred in that GMU for a period of one year or until 
estimated erosion rates fall below acceptable limits. None of the GMUs had erosion estimates 
that exceeded the acceptable limits based on data obtained during the most recent forage 
analysis (Appendix A). 



 

  

2.1.4 Final Stocking Rate Selection 

A total of 6 alternatives, including the No Action, were identified for consideration. Three sets of 
stocking rates were calculated using each stocking rate calculation method (harvest efficiency, 
maintenance threshold and conservation threshold) identified in section 0. These developed the 
basis for three alternatives. Two additional stocking rates were calculated which followed the 
process listed but also took into account utilization of each GMU for military training activities. 

It is important to note, that the Army has established a minimum Installation-wide stocking 
threshold of 2,000 AUs per year if calculated erosion indices are below 1 in all GMUs. If 
calculated erosion indices are below 1 for all GMUs, but the sum of recommended annual 
stocking rates for each GMU is below 2,000 AU, adjustments to the stocking rates should be 
applied in appropriate GMUs so that the sum of the annual stocking rates is equal to 2,000 AU. 
Any GMU with a calculated erosion index greater than 1 shall be deferred from cattle grazing 
until the GMU recovers and the calculated erosion index is less than 1.  

Additionally, there are stocking rate restrictions for the Live-Fire/Impact Area GMU. This GMU is 
particularly sensitive to training interruptions due to the presence of cattle. Soldiers participating 
in gunnery practice must stop activities when cattle cross into their line of fire. Either personnel 
must be dispatched to move cattle out of the way or units must wait until cattle leave their line of 
fire voluntarily. This often results in significant losses in time available for training. In FY02, 
there were 419 shutdowns when 750 head of cattle were present in the area; therefore, Fort 
Hood determine that this is the maximum number of shutdowns that is acceptable. As a result, 
Fort Hood set a maximum stocking rate of 750 AU in the Live-Fire/Impact Area GMU.  

2.2 ALTERNATIVES CONSIDERED IN DETAILED ANALYSIS 

It was determined that under all alternatives the terms and conditions of the future lease would 
remain the same as the No Action, except that the stocking rate would be adjusted based on the 
results of the July 2019 Forage Inventory. 

Under each of the alternatives, the lessee would be responsible for implementing the necessary 
livestock inventory and herd management practices to ensure that the number of cattle present 
in each GMU does not exceed the stocking rates as determined in the lease. Grazing would be 
continuous year-round; rotational grazing would not be implemented. Methods to be used for 
herd management require Fort Hood’s approval to ensure that they neither conflict with the 
training mission of the Installation nor are unsafe. Real Property would ensure that the CTCA 
adheres to agreed stocking rates. Fort Hood retains the right to defer grazing at any time, and 
grazing would be deferred if impacts on the landscape threaten the military mission. 

2.2.1 Alternative 1: No Action (Current Management) Alternative 

Under the No Action Alternative, the grazing lease would be renewed for another 5 years 
without any changes to the stocking rate of 2,000 animal units (AUs); however, the grazeable 
acres available would decrease by approximately 7,731 acres. The stocking rate for each GMU 
is listed in Table 2-3. The stocking rate is based on previous forage inventories and rangeland 
health assessments conducted by the NRCS. These stocking rates represent moderate, 
sustainable levels of grazing under current climate, training, and management conditions. Cattle 
may be redistributed among the GMU or grazing may be deferred to avoid substantial impacts 
on the environment; however, the total stocking rate for the Installation would not exceed 2,000 



 

  

AU. North Fort Hood and West Fort Hood – Northeast are considered swing space and would 
not be routinely stocked, but would be used for grazing if temporary deferrals are required in 
other GMUs. All current terms and conditions of the lease would be carried into the new lease. 

To validate whether or not this stocking rate is compatible with available forage resources given 
the change in grazeable acres, a comparison of forage need to forage availability was 
completed. The current AU stocking rate was used to calculate the amount of forage needed to 
sustain the stocking rate for 365 days per year across all grazeable acres in the GMU. It was 
assumed that the stocking rate is a cow/calf pair, or one AU, which consumes 26 pounds of 
forage (oven dry weight) per day or 9,490 pounds of forage per year.  

Table 2-3. No Action Existing/Proposed Stocking 

GMU Stocking 
Rate (AU) 

Forage Need  
(AU x 18,980= 
lbs/forage/yr) 

Total Annual 
Consumable 
Production 

(lbs/yr) 

% of Annual 
Consumable 
Production 
Remaining 

Sufficient 
Forage 

Available+ 

Western Maneuver Area 
– North 320 3,036,800 28,416,569 89 Yes 

Western Maneuver Area 
– South 394 3,739,060 10,864,606 66 Yes 

West Fort Hood – 
Northeast  

Swing 
space1 -- 448,801 -- -- 

West Fort Hood 73 692,770 2,548,940 73 Yes 

West Fort Hood – South  109 1,034,410 3,820,140 73 Yes 

Eastern Training Area – 
North 207 1,964,430 11,121,128 82 Yes 

Eastern Training Area – 
South  147 1,395,030 4,548,134 69 Yes 

North Fort Hood Swing 
space1 3,036,800 340,569 -- -- 

Live Fire and Impact 
Area* 750 -- -- -- Yes 

Total 2,000     
* Biomass data was not collected for the Live Fire and Impact Area during the 2019 forage inventory, so it was 
assumed that the 2005 forage analysis rates remain valid. 
+ If the % of Annual Consumable Production Remaining was greater than 50%, it was determined that there is 
sufficient forage to support the stocking rate and maintain at a minimum “Take Half, Leave Half” management levels. 
To maintain a 25% harvest efficiency (more conservative rate), at least 75% of the remaining consumable production 
would be required.  
1 Swing Space: area not routinely stocked, but available for grazing if temporary deferrals are required in other GMUs 

2.2.2 Alternative 2: Harvest Efficiency 

Note: This alternative is in reference to Option 1 identified in the Forage Inventory Report. 

Under this alternative, the stocking rates were calculated using the 25% Harvest Efficiency 
method for determining stocking rates was applied to each GMU, except the Live Fire/Impact 
Area, without regard to potential erosion condition, ecological health, or current land use.   



 

  

The 25% Harvest Efficiency method is the standard method of calculating stocking rates for 
private landowners that the NRCS recommends and is considered a conservative method of 
calculating stocking rates under proper land management. Harvest efficiency applies the old 
“take half, leave half” rule of thumb, but also recognizes that of the ‘Take Half’ portion not all of 
the forage is consumed. Recognizing that some forage is consumed and some is destroyed is a 
key concept to understanding harvest efficiency. 

Total forage production (TFP) includes only 
the forage (consumable) species in the plant 
community, and represents all of their above 
ground annual production, not just the portion 
above a stubble height. The ‘Leave Half’ 
portion (50%) represents post-grazing 
residual forage. This is the most important 
part of the old take half, leave half rule of 
thumb for grazing. The ‘Take Half’ portion 
(50%) allocated for use represents the 
utilization, and includes both consumed and 
destroyed portions. The ‘ingested’ portion 
(25%) represents harvest efficiency, or that 
portion that is actually ingested by the grazing animal. The ‘wasted’ portion (25%) represents 
forage that was utilized but went to waste through trampling, desiccation, manure and urine, 
bedding, etc.  

The forage inventory report determined that if the 25% Harvest Efficiency method is applied to 
all GMUs without regard to training utilization up to 2,338 AUs could be stocked on Fort Hood 
(Table 2-4). Although this method does not specifically account for training utilization, the 
randomization of sample plots inherently accounts for some training use, but may under- or 
overestimate annual use impacts in some GMUs depending on the level and type of training 
utilization occurring in the days and weeks prior to the inventory.  

Table 2-4. Stocking Rate Using 25% Harvest Efficiency Grazing Use Methodology 

GMU Stocking Rate  
Western Maneuver Area – North 749 

Western Maneuver Area – South 237 

West Fort Hood – Northeast  12 

West Fort Hood – Northwest  67 

West Fort Hood – South  101 

Eastern Training Area – North 293 

Eastern Training Area – South  120 

North Fort Hood 9 

Live Fire and Impact Area 750 

Total 2,338 

Figure 2-2. 25% Harvest Efficiency 



 

  

2.2.3 Alternative 3: Combination Strategy 

Note: This alternative is in reference to Option 4 identified in the Forage Analysis Report. 

Under this alternative stocking rate calculations specifically accounted for military training 
activities that would affect available forage within each GMU. Military training utilization data 
obtained from Fort Hood Range Control was compared to a scale which has been established 
for each GMU using baseline range conditions. The Grazing Use Methodology (GUM) model 
was used to account for the best available data for training area utilization and relative 
differences in training impacts on vegetation. The GUM was developed specifically for Fort 
Hood for the 2006 Grazing Management Plan to establish an objective measure of training 
intensity that can be factored into selecting the appropriate stocking rate calculation method for 
each GMU (i.e. based on platoon days of training, wheeled versus tracked vehicles). Fort Hood 
Range Control does not maintain records of military training at the platoon-level. However, 
records are available for scheduled training area use at larger unit levels. Additionally, specific 
training areas are used for the same common types of training activities on a recurring basis. 
For example, much of the tracked-vehicle training occurs in the Western Maneuver Areas. The 
Eastern Training Areas are used for wheeled vehicle and dismounted infantry training. 

The GUM model utilizes a three-category training utilization scale (green, amber, red) to 
determine the stocking rate calculation methodology and training-related forage reduction factor 
(FRF) for each GMU. Table 2-5 summarizes the training utilization thresholds established for 
each GMU.  

Table 2-5. Training Utilization Scale. 

GMU 
Green Range  

(Harvest 
Efficiency) 

Amber Range 
(Maintenance 

Threshold) 

Red Range  
(Conservation 

Threshold) 

Western Maneuver Area – 
North 0-20% 21-40% 41-100% 

Western Maneuver Area – 
South 0-22% 23-44% 45-100% 

West Fort Hood – Northeast  0-100% N/A N/A 

West Fort Hood – South  0-100% N/A N/A 

Eastern Training Area – North 0-57% 58-100% N/A 

Eastern Training Area – South  0-45% 46-90% 91-100% 

North Fort Hood 0-100% N/A N/A 

Live Fire and Impact Area 0-100% N/A N/A 
   

The training-related FRF is determined by each GMU’s Training Intensity Scale. The FRF is the 
percentage by which the total volume of perennial consumable forage in a GMU identified by 
the most recent forage inventory is reduced to account for vegetation loss due to military 
training. The amount of perennial consumable forage is reduced by the training-related FRF. 
The following FRFs have been assigned to each portion of the Training Intensity Scale: 

 



 

  

• Green Range : 10%    •     Lower Half of Amber Range: 15% 

• Upper Half of Amber Range: 30%  •    Red Range: 40% 

Table 2-6 shows the training utilization rates for the 2018 training year and corresponds that 
utilization rate to the training utilization scale and associated FRF as described above. Table 2-7 
shows the stocking rate proposed under this alternative.  

Calculated erosion indices are below 1.0 for all GMUs but the sum of recommended annual 
stocking rates for each GMU is below 2,000 A, therefore this alternative would not meet the 
installation stocking policy guidelines, and Alternative 4 was developed. This alternative was 
retained for analysis and comparative purposes. 

Table 2-6. Forage Reduction Factor for Each GMU Based on 2018 Training Utilization Records. 

GMU 2018 Training 
Utilization (%) 

Utilization 
Range 

Forage 
Reduction 

Factor 

Stocking Rate 
Calculation 

Used 

Western Maneuver Area – 
North 43.24 Red 40 Conservation 

Western Maneuver Area – 
South 22.61 Low Amber 15 Maintenance 

West Fort Hood – Northeast  23.97 Green 10 25% HE 

West Fort Hood – South  34.11 Green 10 25% HE 

Eastern Training Area – North 23.97 Green 10 25% HE 

Eastern Training Area – South  23.42 Green 10 25% HE 

North Fort Hood 67.08 Green 10 25% HE 

Live Fire and Impact Area Set by Installation Policy 
 

Table 2-7. Stocking Rate Using the Grazing Unit Methodology Model 

GMU Stocking Rate 

Western Maneuver Area – North 85 

Western Maneuver Area – South 107 

West Fort Hood – Northeast  12 

West Fort Hood – Northwest  67 

West Fort Hood – South  101 

Eastern Training Area – North 293 

Eastern Training Area – South  120 

North Fort Hood 9 

Live Fire and Impact Area 750 

Total 1,544 
 



 

  

2.2.4 Alternative 4: Modified Combination Strategy (Preferred Alternative) 

The intent of this alternative was to account for the Installation-wide annual stocking rate 
minimum of 2,000 AU if all calculated erosion indices are below 1.0 for all GMUs but the sum of 
recommended annual stocking rates for each GMU is below 2,000 AU.  

To start, it was determined that some logical variations to the GUM Training Utilization Scale 
could be applied to the Western Maneuver Area – North and – South. Based on historic values 
and variables affecting range conditions, it was determined that adjusting the Western 
Maneuver Area – North down to Amber (Maintenance Threshold) and Western Maneuver Area 
– South down to a Green Utilization Range (25% Harvest Efficiency) was appropriate. For both 
areas, utilization has historically hovered within a few percentage points of the threshold 
breakpoints. This resulted in an increase in 321 AU over Alternative 3. 

The second consideration when adjusting stocking rates from Alternative 3 applied to all GMUs, 
except the two Western Maneuver Areas and the Live Fire/Impact Area. If the stocking rate for 
the No Action was higher than the 25% Harvest Efficiency, the No Action stocking rate was 
applied and vice versa. This selection process was applied for these 6 GMUs under the 
assumption that the GMU can support the stocking rate because at current management levels 
rangeland health is considered acceptable. For GMUs, where the 25% Harvest Efficiency Rate 
was applied instead of the No Action, it is assumed that there will be sufficient forage available 
to support the increased stocking rate. This resulted in an additional 41 AUs being added. 

Factors affecting the forage inventory were also considered when determining where increases 
in the stocking rate should be applied to achieve 2,000 AU. As described previously, the 
randomization of sample plots inherently capture recent training impacts, which would 
cumulatively contribute to lower forage availability when coupled with the FRF incorporated into 
the GUM model. Additionally, the forage inventory was completed at the end of July during the 
peak of summer. Typically, forage inventories are best completed at the end of the growing 
season, which typically extends from April 1 to November 1 on the Installation. By completing 
surveys early, warm season consumables are deteriorating with the warm, dry conditions and 
the cool season growth has not come in; therefore, it is likely that available consumable forage 
is actually slightly higher than the current inventory indicates. This increase in available 
consumable forage should be sufficient to offset the decrease in FRF that is associated with the 
GUM Model Stocking Rate calculations and to account for the increase over the 25% Harvest 
Efficiency stocking rate in GMUs where the No Action stocking rate was applied.       

The remaining 94 AUs were applied to the Western Maneuver Area – North since this GMU was 
the only GMU with sufficient forage available to support an increase over the No Action without 
substantially going over the 25% Harvest Efficiency stocking rate. This stocking rate would 
result in less AU than under the 25% Harvest Efficiency, but would result in less than 750-
pounds per acre of residual forage being left on the landscape in some ecological units. 

As part of this alternative, it is recommended that annual erosion surveys be completed to 
validate that soil erosion indices remain below 1. If erosion indices rise above 1 in any given 
year, the stocking rate for that GMU should be reduced to the stocking rate from Alternative 3 or 
deferred for a minimum of one year or until erosion rates fall below 1, whichever is longer.  
Annual erosion surveys would be most critical in the Western Maneuver Area – North to ensure 
that training activities and the increase in cattle over the No Action are not adversely affecting 
rangeland health.    



 

  

Under this alternative, a total of 2,000 AUs would be stocked annually Installation-wide at the 
recommended stocking rates per GMU as listed in Table 2-8.  

Table 2-8. Stocking Rate to Achieve the Installation-wide 2,000 AU minimum. 

GMU Stocking Rate 
From Alternative 

3 

Stocking Rate to 
Achieve 2,000 AU 

minimum 

Western Maneuver Area – North 85 370 

Western Maneuver Area – South 107 237 

West Fort Hood – Northeast  12 12 

West Fort Hood – Northwest  67 73 

West Fort Hood – South  101 109 

Eastern Training Area – North 293 293 

Eastern Training Area – South  120 147 

North Fort Hood 9 9 

Live Fire and Impact Area 750 750 

Total 1,544 2,000 
 

2.3 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM FURTHER ANALYSIS 

2.3.1 Maintenance Threshold 

Note: This alternative is in reference to Option 2 identified in the Forage Analysis Report. 

This alternative assessed the stocking rate assuming a minimum of 750 pounds per acre of 
consumable forage was left on the landscape, in all GMUs, except the Life Fire/Impact Area. 
This alternative recommended a stocking rate of 1,351 AUs and recommended deferring 1 
GMU due to having insufficient forage to meet the residual forage minimum per acre (Table 2-
9). This alternative was eliminated from further analysis because it was determined that having 
a Maintenance Threshold across the board was overly conservative given that range conditions 
have improved over the last several decades despite higher stocking rates. Additionally, a 
minimum annual stocking rate of 2,000 AU is required since all erosion indices are below 1.0. 
There are other alternatives that would more accurately distribute the stocking rate than would 
occur under this alternative.  

2.3.2 Conservation Threshold 

Note: This alternative is in reference to Option 3 identified in the Forage Analysis Report. 

This alternative assessed the stocking rate assuming a minimum of 1,000 pounds per acre of 
consumable forage was left on the landscape in all GMUs, except in the Live Fire/Impact Area. 
This alternative recommended a stocking rate of 1,012 AUs and recommended deferring 2 
GMUs due to having insufficient forage to meet the residual forage minimum per acre (Table 2-
9). This alternative was eliminated from further analysis using the same rationale as the 
Maintenance Threshold alternative. 



 

  

Table 2-9. Stocking Rate Using the Maintenance Threshold. 

GMU Maintenance 
Stocking Rate 

Conservation 
Stocking Rate 

Western Maneuver Area – North 277 85 

Western Maneuver Area – South 107 95 

West Fort Hood – Northeast  3 0 

West Fort Hood – Northwest  38 3 

West Fort Hood – South  30 9 

Eastern Training Area – North 105 43 

Eastern Training Area – South  41 27 

North Fort Hood 0 0 

Live Fire and Impact Area 750 750 

Total 1,351 1,012 
 

2.4 COMPARISON OF ALTERNATIVES 

This section provides a summary of the effects of implementing each alternative that is being 
considered in detail. Table 2-10 provides a comparison of the stocking rates for each alternative 
by GMU. Table 2-11 briefly describes the impacts of each alternative on the 3 categories of 
natural resources where differences between alternatives are most notable. 

Table 2-10. Comparison of Stocking Rates for Each Alternative 

GMU 

Alternatives 

Alt 1: No 
Action 

Alt 2: 25% 
Harvest 

Efficiency 

Alt 3: 
Combination 

Strategy 

Alt 4: 
Modified 

Combination 
Strategy 

(Preferred Alt) 
Western Maneuver Area – 
North 320 

749 85 370 

Western Maneuver Area – 
South 394 

237 107 237 

West Fort Hood – Northeast  Swing space 12 12 12 

West Fort Hood – Northwest  73 67 67 73 

West Fort Hood – South  109 101 101 109 

Eastern Training Area – North 207 293 293 293 

Eastern Training Area – South  147 120 120 147 

North Fort Hood Swing Space 9 9 9 

Live Fire and Impact Area 750 750 750 750 

Total 2,000 2,338 1,544 2,000 



 

  

Table 2-11. Comparison of Alternatives 

Attribute No Action 
Alternative 2: 

Harvest 
Efficiency 

Alternative 3: 
Combination 

Strategy 

Alternative 4: 
Preferred 

Alternative 
Stocking Rate (Total) 2,000 AUs 2,337 AU 1,543 AU 2,000 AU 

Duration and Timing 
Continuous,  
Year- round 

Continuous,  
Year- round 

Continuous, 
Year- round 

Continuous,  
Year- round 

Animal Performance* Moderate Lowest Highest Moderate 

Meets Purpose and 
Need Yes Yes Yes Yes 

Compliant with 
Installation Policy Yes Yes No Yes 

Accounts for Forage 
Loss from Other Uses Indirectly Indirectly Yes Yes 

Effect on Soil and 
Watershed 

Maintains existing 
condition 

Potential increase 
in erosion and 
decrease in 

overall watershed 
conditions 

At a minimum, 
maintain existing 
conditions, but 

could see 
decreased 

erosion and 
improved 
watershed 
conditions 

Maintains existing 
condition 

Effects on Biological 
Resources 

Maintains existing 
condition 

Negligible 
increase 

Negligible 
decrease 

Maintains existing 
condition 

Effects on Water 
Quality and 
Jurisdictional 
Wetlands 

Maintains existing 
condition 

Negligible 
increase 

Negligible 
decrease 

Maintains existing 
condition 

* Individual animal performance is higher as the density of competing animals decreases 
because cattle can be highly selective in their forage diet. 

  



 

  

3.0 AFFECTED ENVIRONMENT 
  

3.1 INTRODUCTION 

This section describes the existing environment that may be affected by the alternative actions 
considered in this EA. The potentially affected environment generally includes the land area 
within Fort Hood; however, many resources occurring outside of this geographic boundary could 
also be affected. For example, water quality could be affected in waterways downstream of Fort 
Hood. The existing conditions within the area of potential effects are described for each 
resource. Regional climatic conditions are discussed below; however, an assessment of how 
alternative actions would affect climate is limited to the assessment of impacts on air quality. 

3.2 CLIMATE 

Fort Hood lies along the edge of two subtropical climate zones (Nielsen-Gammon 2011). 
Subtropical climates experience cold winters and hot summers and typically experience the 
greatest rainfall during the summer months. The subtropical, maritime climate of Texas is 
predominantly influenced by onshore flow of tropical maritime air from the Gulf of Mexico. The 
onshore flow is influenced by a decrease in moisture content from east to west and by 
intermittent seasonal intrusion of continental air from the north. The two subtropical climate 
zones are classified based on this east-to-west moisture gradient. The climate of Fort Hood 
exhibits characteristics of both the subtropical sub-humid zone to the west and the subtropical 
humid zone to the east. Winters are typically cold and summers are typically hot. While 
precipitation generally occurs in the summer, it can be absent for long periods of time. 

Table 3-1 describes the annual and monthly mean temperatures from 2014 through 2018. From 
January 2014 through December 2018, the three coldest months were January, February, and 
December with a mean monthly temperature of 46.9, 52.6, and 50.3 degrees Fahrenheit (°F), 
respectively. The three hottest months were June, July, and August with a mean monthly 
temperature of 82.0, 85.4, and 85.0 °F, respectively. The highest annual mean temperature was 
the year of 2017; the lowest mean temperature was 2014. The highest monthly mean was the 
month of July; the lowest monthly mean was January. 

Table 3-1. Monthly and Annual Mean Temperature (°F) 2014-2018 

*This is the Average of the annual Mean Temperatures (average annual temperatures over 5 years) 



 

  

Table 3-2 describes the annual and monthly rainfall from 2014 through 2018. The average 
annual rainfall from 2014 to 2018 was 43.1 inches at Killeen, Texas (Table 3-2) (NOAA NCEI, 
2019). Rainfall during this 5 year period was greatest in May, August, and October with an 
annual monthly average of 6.5, 5.1, and 6.9 inches, respectively. Rainfall typically occurs during 
isolated, large thunderstorms; thus, amounts of rainfall are primarily singular events and tend to 
vary substantially among months and years. From 2014 to 2018, rainfall ranged from 0.07 to 
18.33 inches in August and from 0.05 to 14.3 inches in October. The minimum monthly average 
rainfall was 0 inches in July of 2015 and the maximum monthly average rainfall was in August of 
2016. The highest annual mean was in 2016, with the lowest annual mean being 2014, with 
values of 3.95 and 2.48 inches respectively. 

Table 3-2. Monthly and Annual Mean Rainfall (in.) 2014-2018 

*This is the Average of the Annual Mean Rainfall (average rainfall over 5 years) 

3.3 LAND USE 

3.3.1 Military Training and Support 

Military training and support are the primary land uses on Fort Hood (Fort Hood 2009b). The 
Installation encompasses approximately 215,000 acres of land area, including nearly 200,000 
acres used for military training and more than 15,000 acres used as the Installation’s three 
cantonment areas. There are five main land areas, including North Fort Hood (NFH), the 
Eastern Training Area (ETAN), West Fort Hood (WFH), the Western Maneuver Area (WMA), 
and the centrally located Live Fire and Impact Area (LFIA) (see Figure 3-1). 

The three cantonment areas are located centrally within NFH and WFH and south-centrally 
within the Installation. Cantonment areas are essentially urban and contain all facilities related 
to administrative, command, industrial, maintenance, warehousing, housing, logistical, billeting, 
and other Installation support land uses. 

The Army’s only Mission Command Training Center is located at Fort Hood and this facility 
allows training of brigade, division, and corps formations (Fort Hood 2009b). Coordinated 
exercises place command and control elements in the field while fire and maneuver actions are 
replicated using a combination of deployed tactical units and computer-supported war gaming or 
constructive and virtual reality battlefield simulations. Training lands on Fort Hood easily 
accommodate a full-scale, modern, digitally equipped heavy battalion task force exercising in 
multiple scenarios over several weeks at a time. 



 

  

NFH is the primary site for reserve component training and mobilization and is capable of 
supporting 12,000 troops in permanent and tent facilities. Land use activities are similar to those 
of the Main Cantonment Area but are more limited, with most activity occurring during summer 
training. NFH also includes two auxiliary airfields. When NFH is not being used for training, 
fewer than 100 personnel reside there. 

The Eastern Training Area is divided into a northern unit (ETAN) comprised of Land Groups 1 
and 2 and a southern unit (ETAS) designated as Land Group 3. Belton Lake Reservoir divides 
the two units. ETAN is heavily vegetated and cross-compartmentalized, providing limited value 
as a mechanized maneuver area. ETAS provides more favorable terrain for mechanized units, 
but it is only 2.5 to 4 miles wide north to south and 9.5 miles long from east to west. Limited 
area dictates that ETAN and ETAS are best suited for unit assembly and logistical areas, 
artillery firing points, and company- and platoon-level mounted and dismounted training. In 
addition, these areas support engineer, combat support, and combat service support training, 
while providing locations for amphibious and river-crossing operations. 

Land Group 1 is used year-round primarily for tracked vehicle maneuvering. It hosts tanks and 
Bradley fighting vehicles approximately 28 days per month and additional artillery vehicles 
approximately 14 days per month. Digging of trenches and fighting positions, construction of 
obstacles, and use of smoke and pyrotechnics also occur in this land group. 

Land Group 2 is used year-round approximately 21 days per month, primarily for wheeled and 
dismounted military police training. It includes endangered species habitat and has restrictive 
terrain and vegetation, so training is normally conducted on roads and trails. Only minor digging 
is conducted in this land group. 

Land Group 3 is used year-round for some tracked-vehicle maneuver and dismounted training. 
Tracked-vehicle training is normally restricted to about 15 vehicles. This land group has most of 
the Installation’s artillery firing points. Artillery units fire cannon and Multiple Launch Rocket 
System rockets from this land group weekly, which accounts for additional tracked-vehicle 
traffic. Some excavation and use of smoke occurs in this area. 

West Fort Hood is not used for maneuver training because of its small size and its isolation from 
the main cantonment area by U.S. Highway 190. This training area includes many restricted 
areas, including Robert Gray Army Airfield and the Ammunition Supply Point. Designated as 
Land Group 7, West Fort Hood is used primarily for small mechanized unit and dismounted 
infantry training and for logistical sites. 

The Western Maneuver Area is comprised of Land Groups 4, 5, and 6, and provides training 
opportunities for large armored and mechanized infantry forces. The training area averages 4 to 
6 miles wide from east to west and 19 miles long from north to south. The area features a wide 
variety of terrain and vegetation characteristics that greatly enhance cross-country, combined 
arms maneuver. Due to its large, contiguous size, this is the only maneuver area on Fort Hood 
capable of supporting brigade-level operations. 

Land Groups 4, 5, and 6 are heavy, tracked-vehicle maneuver areas. Training with up to 3,000 
vehicles is conducted year-round approximately 21 days per month. Digging of vehicle fighting 
positions, construction of obstacles, and use of smoke and pyrotechnics also occur in these 
land groups (USACE 2003). 



 

  

 
Figure 3-1. Map of Fort Hood Grazing Management Units (GMUs) 

 

The LFIA, in the central portion of the Installation, hosts maneuver training. Individual, crew-
served, and major weapons systems up to battalion strength are fired into the area. The area 
contains more than 80 firing range complexes, all oriented to direct firing at the large impact 



 

  

area in the center of the LFIA. Traffic in the live-fire and impact area consists of vehicles moving 
to and from the ranges. 

3.3.2 Grazing 

Fort Hood training lands have been divided into eight GMUs based on geographic configuration, 
potential barriers to cattle movement between areas, and training uses (see Figure 3-1). The 
Eastern Training Area, West Fort Hood, and the Western Maneuver Area (WMA) are each 
divided into north and south GMUs including ETAN, ETAS, Western Maneuver Area North 
(WMAN), Western Maneuver Area South (WMAS), West Fort Hood North (WFHN), and 
(WFHS), respectively, while NFH and the LFIA are each managed as whole GMUs. Due to the 
lack of fencing or other barriers within GMUs, stocking rates are managed on a GMU basis. 

3.3.3 Natural Resources Management 

Fort Hood’s INRMP (Fort Hood, 2019) integrates training land requirements for the military 
mission and the requirements for maintaining the ecological health of the training areas. Fort 
Hood’s primary purpose is the military mission, and the Installation must provide a quality 
training facility to serve that purpose. This goal is achieved through implementation of the 
INRMP and various other plans and programs that support the military mission. Through 
consultation with the USFWS, the USACE prepared an Endangered Species Management Plan 
(ESMP) for Fort Hood (Fort Hood, 2019). Fort Hood’s ESMP identifies conservation measures 
to avoid adverse effects of ongoing military activities and other actions, including grazing, 
occurring on Fort Hood. These measures include limiting the Installation-wide rate of brown-
headed cowbird parasitism on Federally listed species to less than or equal to 10 percent, as 
described in the USFWS’s (USFWS, 2015) Biological Opinion of Fort Hood’s ESMP. 
Management actions and other measures implemented under the INRMP and ESMP are 
discussed specifically in this EA in Section 5.0 as they pertain to the cumulative effects of past, 
present, and proposed actions in the affected area. However, military training and other land 
management practices interact with grazing and influence the productivity, composition, and 
sustainability of the landscape. Thus, each alternative is assessed within the context of these 
ongoing efforts to minimize the adverse effects of training while managing the landscape for 
multiple uses, including grazing, maintenance of floral and faunal diversity, and the military 
mission. 

3.4 PHYSIOGRAPHY AND SOILS 

3.4.1 Physiography 

Physiographic regions are broad-scale subdivisions based on terrain texture, rock type, and 
geologic structure and history. Based on the USGS’s three-tiered classification of the 
physiographic regions of the U.S. (Fenneman and Johnson 1946), Fort Hood is situated west of 
the Atlantic Plain division along the southeastern margin of the Interior Plain division. The 
Atlantic Plain extends inland from the broad continental shelf along the Atlantic and Gulf of 
Mexico coastlines. The Atlantic Plain is characterized by a series of terraces sloping gently 
seaward consisting of unconsolidated layers of sand and clay. The Interior Plain spreads across 
the stable core (i.e., craton) of the North American continent between the Rocky Mountains and 
the Appalachian Mountains. The craton was formed by the fusion of several smaller continents 
over 500 million years ago, and tectonic activity on the craton has been limited to areas of uplift 
along the margins. The Interior Plain was inundated by shallow seas twice during its geologic 



 

  

history, and the relative flatness of the area is a reflection of the deposition and compaction of 
marine sediments during these periods. The accumulation of marine deposits and subsequent 
erosion has resulted in layered deposits of limestone, sandstone, and shale, with the residuum 
of these materials overlying metamorphic and igneous rocks of the craton. 

Fort Hood lies within the Great Plains province and Edwards Plateau section of the Interior 
Plains division (Fenneman and Johnson 1946). The southern and eastern boundary of the 
Edwards Plateau is defined by the Balcones Escarpment, which is an area of normal faults that 
rises abruptly from the Gulf Coast Plains forming a plateau to the west. Erosion of the 
escarpment by eastward-flowing streams has created areas of high relief along the southeast 
margin of the plateau commonly referred to as “Texas Hill Country”. The bedrock of the 
Edwards Plateau consists primarily of limestone. Subsequent to periods of uplift, stream erosion 
has resulted in steep-sided hills, outcrops, and mesas of the underlying bedrock surrounded by 
broad and relatively flat depositional areas (Figure 3-1). 

3.4.2 Soils 

There are approximately 40 unique soil series on Fort Hood (NRCS 2009a, 2009b). In general, 
these soils are well-drained and moderately permeable, but they can vary widely in other 
characteristics such as depth, parent material, and slope. Approximately 45 percent of the land 
area on Fort Hood is comprised of shallow or very shallow (i.e., less than 20 inches) soils 
developed over limestone bedrock. The most common of these shallow soils are the Doss-Real 
complex, Eckrant-Rock outcrop complex, and Real-Rock outcrop complex (Figure 3-3). Most of 
these shallow soils are situated on ridge tops, hilltops, and backslopes. Shallow soils that do not 
include rock outcrops are the only soils on Fort Hood classified as highly erodible. These highly 
erodible soils occur on the backslopes of hilltops, ridges, and outcrops or on the footslopes just 
above deep floodplain soils (Figure 3-4). 

Approximately 40 percent of the land area on Fort Hood is comprised of moderately deep (i.e: 
20 to 40 inches) soils developed over limestone bedrock. The most common of these 
moderately deep soils is Topsey clay loam, which comprises nearly 20 percent of the Fort Hood 
land area and is situated on backslopes and footslopes. Other moderately deep soils include 
Nuff very stony silty clay loam, which is also situated on backslopes, and Evant silty clay, which 
is situated on summits of broad ridges. Soils in this group are generally well-drained and 
potentially highly erodible. Soils that are deep to very deep (i.e., over 40 inches) occur over 
approximately 15 percent of the land area on Fort Hood. These deep soils occur on three major 
landforms: uplands, terrace deposits, and floodplain sediments.  Deep soils formed in uplands 
include the Slidell silty clay and Cisco fine sandy loam. Deep soils developed in stream terraces 
include Krum silty clay and Lewisville silty clay. Deep soils developed in loamy and clayey 
alluvium on floodplains of major streams include the Bosque and Frio soil series. These deep 
soils are generally not highly erodible, are well-drained, and have moderate to slow 
permeability. 

 

 



 

  

 
Figure 3-2. Fort Hood Topography 



 

  

 

Figure 3-3. Fort Hood Soil Map Units 



 

  

 

  

Figure 3-4. Soil Erodibility Map 



 

  

Although not regulated on military Installations, Prime Farmland, as defined by the U.S. 
Department of Agriculture (USDA) (Federal Register [FR], Vol. 6, Parts 400-699, January 1, 
2001, Section 657.5(a)), is land that has the best combination of physical and chemical 
characteristics for producing food, feed, forage, fiber, and oilseed crops and is available for 
these uses. It could be cultivated land, pastureland, forest, or other land, but it is not urban or 
built-up land or water areas. The NRCS maintains and monitors a list of Prime and Unique 
Farmland soils, which produce high value or unique crops, and each state office of the NRCS 
maintains a list of soils which support Farmlands of Statewide Importance. Approximately 
39,000 acres of soils classified as Prime Farmland Soils occur on Fort Hood and include the 
following soil series: Bastsil fine sandy loam, Bosque clay loam, Crawford silty clay, Frio silty 
clay, Krum silty clay, Lewisville silty clay, Minwells fine sandy loam, San Saba clay, and Slidel 
silty clay (NRCS 2009a, 2009b). All of these soils are deep or moderately deep and occur 
primarily on terraces and floodplains (see Figure 3-3). 

3.5 WATER QUALITY AND WETLANDS 

3.5.1 Surface Water 

As defined by the U.S. Geologic Survey (USGS) (Seaber et al. 1994), Fort Hood lies within 
three major watersheds trending from northwest to southeast: Leon (#12070201), Cowhouse 
(#12070202), and Lampasas (#12070203) (Figure 3-5). Cowhouse Creek and the Lampasas 
River are both tributaries of the Leon River. The Leon River begins approximately 60 miles 
northwest of Fort Hood and roughly parallels the Installation’s northern boundary. Tributaries of 
the Leon River, including Shoal and Henson creeks, drain northern portions of NFH, the 
Western Maneuver Area, the LFIA, and the Eastern Training Area. Owl Creek drains northern 
portions of the LFIA and the Eastern Training Area and merges with the Leon River to form the 
northern arm of Belton Lake. Nolan Creek, which drains the southern portion of the Eastern 
Training Area and the main cantonment area, is also part of the Leon River Watershed and 
merges with this river downstream of Belton Lake.  The western arm of Belton Lake is formed by 
Cowhouse Creek. The Cowhouse Creek watershed includes several tributaries within Fort Hood 
and drains most of the Western Maneuver Area and LFIA and the northern portion of West Fort 
Hood. Most of West Fort Hood is within the Lampasas River watershed and this land area is 
drained by Reese Creek and its tributaries. 

The Federal Water Pollution Control Act of 1977 (33 U.S. Code [USC] 1251, as amended), 
commonly known as the Clean Water Act (CWA), is a comprehensive statute aimed at restoring 
and maintaining the chemical, physical, and biological integrity of the Nation's waters, including 
surface water and groundwater. The U.S. Environmental Protection Agency (USEPA) 
administers the CWA in cooperation with other Federal agencies, states, municipalities, and 
industries. The Texas Commission on Environmental Quality (TCEQ) is responsible for 
developing state water quality programs and standards, and maintaining a list of impaired 
waters. For impaired waters, TCEQ is required to develop a pollutant load reduction plan to 
correct any cause of impairment. These plans, known as Total Maximum Daily Loads (TMDLs), 
document the nature of the impairment, determine the maximum amount of a pollutant which 
can be discharged and still meet standards, and identify allowable loads from the contributing 
sources. 



 

  

  

Figure 3-5: Fort Hood Surface Waters 



 

  

Sections of Nolan Creek, Little Nolan Creek, and the Leon River were determined to be 
impaired for recreational use by bacterial contamination possibly contributed to by municipal 
point sources, storm water discharge, agricultural non-point sources, runoff from agriculture, 
and other non-point sources (TCEQ 2016). Refer to Table 3-3 for more information on these 
impaired waters that are within or in the watershed proximity of Fort Hood. 

At this time, there are no TMDL’s in place for any of the impaired waters listed in Table 3-3. All 
impaired waters that are listed need further review before a TMDL is scheduled or determined. 

Table 3-3. Impaired Waters Downstream of or within Fort Hood 

Waterbody Segment Cause of 
Impairment 

Impaired 
Use Potential Sources Year Listed 

and Category* 

Nolan 
Creek/South 
Nolan Creek 

1218:Confluence with 
the Leon River in Bell 

County to a point 100m 
upstream to the most 
upstream crossing of 
US 190 and Loop 172 

in Bell County 

Escherichia 
coli 

Contact 
Recreation 

PS - Municipal Point 
Source Discharges; 
PS - Wet Weather 
Discharges (Point 

Source and 
Combination of 

Stormwater, SSO or 
CSO) 

2016 5c/5b 

Litte Nolan 
Creek 

1218C: Confluence w/ 
Nolan Creek/South 

Nolan Creek upstream 
to headwaters in the 
city of Killeen, Bell 

County 

Escherichia 
coli 

Contact 
Recreation 

UNK - Source 
Unknown 2016 5b 

Leon River 
Below Proctor 

Lake 

1221: From confluence 
w/ South Leon Creek 

upstream to 
confluence w/ Walnut 

Creek 

Escherichia 
coli 

Contact 
Recreation 

NPS - Agriculture; 
NPS - Non-Point 
Source; NPS - 

Permitted Runoff 
from Confined 

Animal Feeding 
Operations 

(CAFOs); PS - 
Municipal Point 

Source Discharges 

2016 5c 

*Category 5a - A TMDL is underway, scheduled, or will be scheduled. Category 5b - A review of the water quality standards 
for this water body will be conducted before a TMDL is scheduled. Category 5c - Additional data and information will be 
collected before a TMDL is scheduled  
**NPS listed by itself in this case generally refers to municipal runoff. 
 
The U.S. Army Corps of Engineers (USACE) is responsible for administering Section 404 of the 
CWA. Section 404 regulates the discharge and fill of material into waters of the U.S. (WOTUS). 
WOTUS are defined in 33 CFR 328.3(a) and include navigable waters and all of their 
associated tributaries as well as adjacent wetlands. Waters of the U.S., including wetlands, exist 
across the installation. These resources range from small emergent wetlands associated with 
ephemeral streams to large, forested wetland complexes adjacent to perennial channels. 

 



 

  

3.5.2 Groundwater 

The Trinity Aquifer, which extends through parts of 55 counties of north and central Texas, is 
the only major aquifer beneath Fort Hood (Ashworth and Hopkins 1995). The three major rock 
formations comprising the Trinity Aquifer, from youngest to oldest, are Paluxy, Glen Rose, and 
Twin Mountains. The Paluxy formation is a shallow, water-bearing formation consisting of up to 
400 feet of predominantly fine- to coarse-grained sand interbedded with clay and shale. The 
Paluxy formation outcrops on Fort Hood on the rolling lowlands above major creeks. Beneath 
the Paluxy formation, the Glen Rose formation forms a gulfward-thickening wedge of 
impermeable marine carbonates consisting primarily of limestone. The Glen Rose formation is 
exposed within Fort Hood along the bottom of major creeks. The basal unit of the Trinity Group 
beneath Fort Hood is the Twin Mountains formation, which consists mainly of medium- to 
coarse-grained sands, silty clays, and conglomerates. The Twin Mountain formation is not 
exposed on Fort Hood. No major groundwater resources outside the Installation are affected by 
recharge from within Fort Hood. Recharge that occurs within the Installation affects only the 
small, shallow groundwater supplies that are confined within the Installation. 

3.5.3 Wetlands 

Two soil associations occurring on Fort Hood contain soil types that are included on the state 
and Federal hydric soils lists: Bosque clay loam and Frio silty clays (NRCS 2010). These 
associations occur over approximately 7,900 acres or 3.7 percent of the Installation; however, 
hydric components generally comprise 1 to 3 percent of the soil association. Bosque and Frio 
soils are generally located along the stream banks of the Leon River, Cowhouse Creek, Nolan 
Creek, and their larger tributaries. Other soils can become hydric, exhibiting anaerobic 
conditions, as a result of periodic or permanent saturation or inundation. 

Wetlands in Central Texas and at Fort Hood are most common on floodplains along rivers and 
streams (e.g., riparian wetlands), along the margins of lakes and ponds, and in other low-lying 
areas where the groundwater intercepts the soil (i.e., springs). There are numerous natural 
springs and seeps occurring on Fort Hood, but most of their locations have not been mapped. 
Wetland features have been delineated in portions of Fort Hood to determine jurisdictional 
status under Section 404 of the CWA (33 U.S. Code [U.S.C] 1251, as amended. The 
delineations have occurred in conjunction with or where construction projects were anticipated. 
Table 3-4 details the Wetland Type and acreage of the wetlands depicted in Figure 3-6. Figure 
3-6 shows the various scattered pockets of wetlands that occur in Fort Hood, as well as the 
different types of existing streams using Fort Hood delineation data. 

Table 3-4. Wetland Acreage within Fort Hood by Watershed 

Wetland Type Acreage 
Borrow Pit 9.5 

Open Water 507.6 

Stock Pond 1.0 

Wetland 645.6 

Total 1163.7 
 



 

  

 

Figure 3-6 Wetland & Streams in Fort Hood 



 

  

3.6 AIR QUALITY 

The Clean Air Act of 1963 (16 USC 470, as amended) provides protection and enhancement of 
the Nation’s air resources. The Federal Conformity Final Rule (40 Code of Federal Register 
[CFR] Parts 51 and 93) specifies criteria or requirements for conformity determinations for 
Federal projects, and the USEPA established National Ambient Air Quality Standards (NAAQS) 
for specific pollutants determined to be of concern with respect to the health and welfare of the 
general public (USEPA 2015). The rule mandates that a conformity analysis must be performed 
when a Federal action generates air pollutants in a region that has been designated a non-
attainment or maintenance area for one or more NAAQS. 

NAAQS are classified as either "primary" or "secondary", and represent the maximum levels of 
background pollution that are considered safe, with an adequate margin of safety, to protect the 
public health and welfare. The major pollutants of concern, or criteria pollutants, are carbon 
monoxide (CO), sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone (O3), particulate matter 
less than 10 microns (PM-10), particulate matter less than 2.5 microns (PM-2.5) and lead (Pb) 
(Table 3-5). Areas that do not meet these NAAQS standards are called non-attainment areas; 
areas that meet both primary and secondary standards are known as attainment areas. Both 
TCEQ and USEPA consider Bell and Coryell counties as in attainment for all NAAQS (USEPA 
2019). 

Table 3-5. National Ambient Air Quality Standards (2015) 

Pollutant 
Primary/ 

Secondary 
Standards 

Averaging 
Time 

EPA 
Design 
Value 

Monitored 
Value Form 

Carbone 
Monoxide (CO) Primary 

8 Hours 9 ppm ND* Not to be 
exceeded more 
than once per 
year 

1 hour 35 ppm ND 

Lead (Pb) Primary & 
Secondary 

Rolling 3 
month 

average 

0.15 
μg/m3(1) ND Not to be 

exceeded 

Nitrogen Dioxide 
(NO2) 

Primary 1 Hour 100 ppb 48 ppb (Travis 
County) 

98th percentile of 
1-hour daily 
maximum 
concentrations, 
averaged over 3 
years 

Primary & 
Secondary 1 Year 53 ppb(2)

 
13 ppb (Travis 

County) Annual Mean 



 

  

Pollutant 
Primary/ 

Secondary 
Standards 

Averaging 
Time 

EPA 
Design 
Value 

Monitored 
Value Form 

Ozone Primary & 
Secondary 8 hours 0.070 

ppm(3) 
0.069 (Bell 

County) 

Annual fourth-
highest daily 
maximum 8-hour 
concentration, 
averaged over 3 
years 

Particle 
Pollution 
(PM) 

PM2.5 

Primary 1 year 12.0 
μg/m3 

9.6 μg/m3 

(Travis 
County) 

Annual Mean, 
averaged over 3 
years 

Secondary 24 hours 35 μg/m3 
20 μg/m3 

(Travis 
County) 

Annual Mean, 
averaged over 3 
years 

PM10 
Primary & 
Secondary 24 hours 150 

μg/m3 0 exceedances 

Not to be 
exceeded more 
than once per 
year on average 
over 3 years 

Sulfur Dioxide 
(SO2) 

Primary 1 hour 75 ppb (4) 4 ppb 

99th percentile of 
1-hour daily 
maximum 
concentrations, 
averaged over 3 
years 

Units of measure for the standards are parts per million (ppm) by volume, parts per billion (ppb - 1 part in 1,000,000,000) by volume, 
milligrams per cubic meter of air (mg/m3), and micrograms per cubic meter of air (µg/m3) 
* ND = No Data is available for any counties within 50 miles of Bell or Coryell Counties 
(1) In areas designated nonattainment for the Pb standards prior to the promulgation of the current (2008) standards, and for which 
implementation plans to attain or maintain the current (2008) standards have not been submitted and approved, the previous 
standards (1.5 µg/m3 as a calendar quarter average) also remain in effect. 
(2) The level of the annual NO2 standard is 0.053 ppm. It is shown here in terms of ppb for the purposes of clearer comparison to 
the 1-hour standard level. 
(3) Final rule signed October 1, 2015, and effective December 28, 2015. The previous (2008) O3 standards additionally remain in 
effect in some areas. Revocation of the previous (2008) O3 standards and transitioning to the current (2015) standards will be 
addressed in the implementation rule for the current standards. 
(4) The previous SO2 standards (0.14 ppm 24-hour and 0.03 ppm annual) will additionally remain in effect in certain areas: (1) any 
area for which it is not yet 1 year since the effective date of designation under the current (2010) standards, and (2)any area for 
which an implementation plan providing for attainment of the current (2010) standard has not been submitted and approved and 
which is designated nonattainment under the previous SO2 standards or is not meeting the requirements of a SIP call under the 
previous SO2 standards (40 CFR 50.4(3)).  A SIP call is an EPA action requiring a state to resubmit all or part of its State 
Implementation Plan to demonstrate attainment of the required NAAQS. 
 
 
 
 
 
 



 

  

3.7 BIOLOGICAL RESOURCES 

3.7.1 Flora 

The three physiographic regions associated with Fort Hood’s geology and climate are the 
Edwards Plateau, the Great Plains, and the Balcones Escarpment as discussed in Section 3.4. 
Several authors have delineated regions of Texas giving varying importance to geology, climate, 
flora, and fauna. Although the boundaries of these regions vary somewhat depending upon the 
specific delineation criteria, the three physiographic regions are more or less associated with 
three ecological regions: Edwards Plateau, Cross Timbers and Prairies, and Blackland Prairie, 
respectively (Texas Parks and Wildlife Department [TPWD] 2009a). The classification system 
used here is based on a physiognomic classification conducted by NRCS in 2008. A 
physiognomic classification distinguishes between vegetation communities based on the 
general appearance of both the landscape and plant growth forms (e.g., Deciduous Woodland). 
The species composition and, to some extent, the physiognomic classification of Fort Hood’s 
vegetation communities is the result of regional geology and climate, as well as more local 
patterns of topography and soil. However, the predominant factor influencing the distribution 
and composition of vegetation communities on Fort Hood is the history of disturbance related to 
fire, grazing, and military training. 

Fort Hood is situated in the northeastern reaches of the Edwards Plateau, the southernmost 
extension of the Cross Timbers and Prairies, and just west of the Blackland Prairie ecological 
regions. Woody and shrub-dominant communities which typify much of the land area on Fort 
Hood are most closely representative of Edwards Plateau vegetative associations. The 
grasslands are representative primarily of the mid-grass associations of the Cross Timbers and 
Prairies areas, with inclusions of species more commonly associated with tall-grass 
associations of the Blackland Prairie. Historically, frequent natural and man-made fires confined 
woody vegetation to riparian areas and rocky slopes and hills. As a result of human activities 
including grazing, reduction and suppression of fires, and training activities, the current 
vegetation structure and mix of species differ from those historically associated with the region 
(Fort Hood 2009b). 

Three distinct vegetation communities dominated by woody vegetation occur on Fort Hood: 
Coniferous Forest and Shrub, Deciduous Forest and Shrub, and Mixed Forest and Shrub 
communities. These communities are found on the rocky slopes and hillsides or mesas and 
along streams and rivers (Figure 3-7). Small pockets of Coniferous Forest and Shrub are found 
throughout the Installation and are primarily composed of Ashe juniper (Juniperus ashei). Other 
species found in this community include flameleaf sumac (Rhus lanceolata), Texas ash 
(Fraxinus texensis), plateau live oak (Quercus fusiformis), a variety of grasses, and 
broomweeds (Amphiachyris spp.). 

Deciduous Forest and Shrub was historically more abundant throughout the Installation. This 
community is composed of broad-leaf trees and shrubs and is found in lowlands and on 
protected slopes. Tree species representative of this community include plateau live oak, post 
oak (Quercus stellata), pecan (Carya illinoiensis), and sycamore (Platanus occidentalis). 
Understory species include Alabama supplejack (Berchemia scandens), Texas persimmon 
(Diospyrus texana), saw greenbriar (Smilax bona-nox), hairy grama (Bouteloua hirsuta), Texas 
grama (B. rigidiseta), prairie-tea (Croton monanthogynus), broomweed, silver bluestem 
(Bothriochloa saccharoides), prairie three-awn (Aristida oligantha), and mist-flower (Eupatorium 
coelestinum). 

The most common vegetation community on the Installation is the Mixed Forest and Shrub 
Community. In some areas Ashe juniper dominates over either plateau live oak or Texas red 



 

  

oak (Quercus texana), and in others the oaks dominate the Ashe juniper. Understory species 
are a mixture of the previously mentioned communities. 

Grasslands are found throughout the Installation, but are most common on rolling uplands 
between the floodplains and hills or mesas in the LFIA and Western Maneuver Area. Wildfires 
caused by various training activities, controlled burns, and other forms of brush removal 
increase the area of grasslands and limit the establishment and expansion of woody vegetation. 

Several vegetation resource inventories have been conducted to assess the effects of a variety 
of actions occurring on Fort Hood on grasslands, including military training and grazing. 
Conditions observed during the 2019 biomass survey (Appendix A were similar to previous 
surveys; however, areas with extremely low forage biomass (i.e., less than 500 pounds per 
acre) were less frequent than in previous surveys. In the Western Maneuver Area and Eastern 
Training Area, sites that had moderate to high residual biomass (i.e., 1,000 to 3,000 pounds per 
acre) were generally dominated by King Ranch bluestem (Bothriochloa ischaemum), a non- 
native perennial grass that has high productivity but has only fair grazing value. King Ranch 
bluestem is considered to have fair grazing value due to lesser volume production, lower 
palatability, and lower quality when compared to plants with good value, such as little bluestem. 
In NFH, little bluestem and wooly croton (Croton capitatus) dominated. In the West Fort Hood 
management units, sites were typically dominated by little bluestem.  

3.7.2 Fauna 

Terrestrial wildlife habitats are closely associated with the vegetation communities described 
above, but are also influenced by moisture and elevation clines from upland to riparian habitats 
(USACE 1999, Fort Hood 2009b). Wooded habitats in riparian areas contain the greatest 
densities of passerine birds, followed by juniper woodland and mixed woodland. The least 
dense bird populations are found in the grassland habitat. The most widespread and abundant 
passerine species located on the area is the cardinal (Cardinalis cardinalis), which thrives in 
disturbed areas. Other common species are the mourning dove (Zenaida macroura), Carolina 
chickadee (Parus carolinensis), mockingbird (Mimus polyglottos), and turkey vulture (Cathartes 
aura). 

Common mammal species in the area are the raccoon (Procyon lotor), white-tailed deer 
(Odocoileus virginianus), and black-tailed jackrabbit (Lepus californicus). Common small 
mammals include the deer mouse (Peromyscus maniculatus), hispid cotton rat (Sigmodon 
hispidus), and eastern wood rat (Neotoma floridana). 

Reptiles and amphibians at Fort Hood are representative of the eastern, western, and southern 
U.S. communities. Eastern species present on the Installation include Blanchard’s cricket frog 
(Acris crepitans blanchardi), gray treefrog (Hyla versicolor), and bullfrog (Rana catesbeiana). 
Western species include the Texas greater earless lizard (Cophosaurus texanus), collared lizard 
(Crotaphytus collaris), western diamondback rattlesnake (Crotalus atrox), and the western 
narrow-mouthed toad (Gastrophryne olivacea). Southern species include the Texas spiny lizard 
(Sceloporus olivaceus), short-lined skink (Eumeces tetragrammus brevilineatus), Rio Grande 
leopard frog (Rana berlandieri), and Texas patchnose snake (Salvadora grahamiae lineata). 

 



 

  

 
Figure 3-7. Vegetation Land Cover within Fort Hood 



 

  

Thirty-two species of fish have been documented from the lakes, ponds, and streams on the Installation. 
The common species are red shiner (Cyprinella lutrensis), blacktailed shiner (Notropis venustus), and 
bullhead minnow (Pimephales vigilax), with remaining species being members of the minnow 
(Cyprinidae), sunfish (Centrarchidae), and Perch/Darter (Percidae) families. 

3.8 SPECIAL STATUS SPECIES 

3.8.1 Listed Species 

Special status species include those species for which some protection is afforded under state 
or Federal regulations or which is not formally protected but monitored due to rarity or sensitivity 
to anthropogenic activities. The Endangered Species Act (ESA) of 1973 requires that a 
discretionary Federal action not put into jeopardy the continued existence of a listed species or 
cause the destruction or adverse modification of their critical habitat. The USFWS maintains and 
monitors a list of non-marine species considered to be threatened with extinction or in danger of 
becoming extinct. The USFWS (2011a) and TPWD (2010a, 2010b) each maintain a database of 
special status species and the counties in which they could potentially occur. The status, 
preferred habitats, and potential for each of these species to be within the range of potential 
effects resulting from grazing activities on Fort Hood are presented in Table 3-6.  

Species listed as threatened or endangered by the USFWS are protected from harm or 
harassment by the Endangered Species Act (16 U.S.C. 1531). Migratory birds are afforded 
special status under the Migratory Bird Treaty Act (MBTA). The Bald and Golden Eagle 
Protection Act affords additional protection to Bald Eagles (Haliaeetus leucocephalus). 
Potentially affected special status species are described below. Species not afforded protection 
or official listing, but are important to include for other considerations, designated as Species of 
Concern, are described in Table 3-7. 

3.8.2 Federally Listed Species 

The Houston Toad (Bufo houstonensis) is known to require a specific forested habitat and has a 
limited range in Austin, Bastrop, Burleson, Colorado, Lee, Leon, Lavaca, Milam, and Robertson 
counties; there is no known habitat in Bell or Coryell counties and it is unlikely that this species 
would occur in the project area (TPWD, 2019a). 

The Kretschmarr Cave Mold Beetle (Texamaurops reddelli) is a rare mold beetle that prefers to 
inhabit rotting wood, termite nests, spaces under rocks, in sinkholes, and in caves. It is only 
known to inhabit 4 caves in the neighboring Travis county (City of Austin, 2019). It is very 
unlikely this rare species would be present in Fort Hood. 

The Smalleye Shiner is known to be restricted to the upper areas of the Brazos River system 
upstream of Possum Kingdom Reservoir (USFWS, 2016). Fort Hood is not part of the Brazos 
River system, so it is very unlikely that this species would occur in water bodies within the 
installation’s boundaries. 

The Salado Springs Salamander (Eurycea chisholmensis) is known to be heavily geographically 
restricted to a small amount of water bodies in the vicinity of Salado Springs; these water bodies 
do not occur within Fort Hood and the salamander is not known to exist within Fort Hood 
(USFWS, 2015 & Fort Hood, 2019). This species is very unlikely to occur within the project 
area. 



 

  

Table 3-6. Federal and State Listed Species of Concern 

Species Status* Preferred Habitat Potential to be Present in 
the Action Area 

INSECTS 

Kretschmarr Cave mold 
beetle 
Texamaurops reddelli 

FE, SE 
Small, cave-adapted beetle found under rocks buried in silt; 
small, Edwards Limestone caves in of the Jollyville Plateau, 
a division of the Edwards Plateau 

Very Unlikely – Only known 
to occur in Travis County 

MOLLUSKS 

Smooth pimpleback 
Cyclonaias 
houstonensis 

FC, ST Small to moderate rivers and moderate sized reservoirs 
over a variety of substrates 

Unlikely – Only have 
occurred on the border of 
Fort Hood and the Leon 

River 

Texas fawnsfoot 
Truncilla macrodon FC, ST Rivers and larger streams Very Unlikely – Not known 

to occur within Fort Hood 

FISHES 

Smalleye shiner  
Notropis buccula 

FE 
Medium to large prairie streams with sandy substrate and 
turbid to clear warm water in the upper Brazos River 
system 

Very Unlikely – Not known 
to occur within Fort Hood 

AMPHIBIANS 

Houston Toad 
Bufo houstonensis 

LE, SE Pine and oak woodlands and savanna with forbs and 
bunchgrasses present in open areas 

Very Unlikely – Not Known 
to occur within Fort Hood 

Salado Springs 
Salamander 
Eurycea chisholmensis 

FT Surface springs and subterranean waters of the Salado 
Springs system 

Very Unlikely – Not Known 
to occur within Fort Hood 

REPTILES 

Texas horned lizard 
Phyrnosoma cornutum ST Open, arid and semi-arid regions with sparse vegetation on 

friable soils 

Likely – Low density, sparse 
populations have been 

known to occur within Fort 
Hood 

Timber Ratlesnake 
Crotalus horridus 

ST 

Moist lowland forests and hilly woodlands or thickets near 
permanent water sources such as rivers, lakes, ponds, 
streams and swamps where tree stumps, logs and 
branches provide refuge 

Very Unlikely – Not Known 
to occur within Fort Hood 

BIRDS 

Bald Eagle 
Haliaeetus 
leucocephalus 

ST 
Found primarily near rivers and large lakes; nests in tall 
trees or on cliffs near water; communally roosts, especially 
in winter 

Likely – Species Is 
commonly seen near the 
lake; is not known to nest 

on the installation.  

Black-Capped Vireo 
Vireo atricapilla 

SE 
Found in hardwood scrub habitat that typically exhibits a 
patchy or clumped distribution with a scattering of live and 
dead trees 

Very Likely – known to 
inhabit isolated territories in 

peripheral grassland or 
within warbler habitat 



 

  

Species Status* Preferred Habitat Potential to be Present in 
the Action Area 

Golden-cheeked 
Warbler 
Setophaga chrysoparia 

FE, SE 

Ashe juniper in mixed stands with various oaks (Quercus 
spp.). Edges of cedar brakes.  Dependent on Ashe juniper 
(also known as cedar) for long fine bark strips, only 
available from mature trees, used in nest construction 

Very Likely – known to have 
large established 

populations 

Interior Least Tern 
Sterna antillarum 
athalassos 

FE, SE 
Sand beaches, flats, bays, inlets, lagoons, islands. Nests 
along sand and gravel bars within braided streams, rivers; 
also know to nest on man-made structures. 

Unlikely – Migratory visitor 
but does not nest on the 

installation. 

Piping Plover 
Calidris canutus rufa 

FT, ST 

Beaches, sandflats, and dunes along Gulf Coast beaches 
and adjacent offshore islands. Also spoil islands in the 
Intracoastal Waterway.  Algal flats appear to be the highest 
quality habitat. 

Unlikely – Migratory visitor 
in spring and fall but does 
not nest on the installation. 

White-Faced Ibis 
Plegadis chihi 

ST 
Prefers freshwater marshes, sloughs, and irrigated rice 
fields, but will attend brackish and saltwater habitats; 
currently confined to near-coastal rookeries. 

Unlikely – Migratory visitor 
in spring and fall but does 
not nest on the installation. 

Whooping Crane 
Grus americana 

FE, SE 

Small ponds, marshes, and flooded grain fields for both 
roosting and foraging.  Potential migrant via plains 
throughout most of state to coast; winters in coastal 
marshes of Aransas, Calhoun, and Refugio counties. 

Likely – Common migratory 
visitor 

Wood Stork 
Mycteria americana 

ST 

Prefers to nest in large tracts of baldcypress (Taxodium 
distichum) or red mangrove (Rhizophora mangle); forages 
in prairie ponds, flooded pastures or fields, ditches, and 
other shallow standing water. 

Unlikely – Few sightings ; 
migratory visitor in the fall 

Zone-tailed Hawk 
Buteo albonotatus 

ST 

Arid open country, including open deciduous or pine-oak 
woodland, mesa or mountain county, often near 
watercourses, and wooded canyons and tree-lined rivers 
along middle-slopes of desert mountains. 

Unknown – Possible 
Migratory visitor 

 

The Interior Least Tern (Sterna antillarum athalassos), Piping Plover (Charadrius melodus), and 
Rufa Red Knot (Calidris canutus rufa), are not a concern for this project since it is not a wind-
energy related project. The Interior Least Tern and Piping Plover are known to occur as a 
migratory visitor but do not nest on the installation. 

Migratory black-capped vireos (Vireo atricapilla) historically nested along a grassland/forest 
ecotone from central Kansas to eastern Mexico during the summer months (USFWS 2007). 
Breeding has not been recently documented in the northern portions of the historic breeding 
range. Black-capped vireos nest in early-succession deciduous scrub communities that are 
typically generated as the result of various disturbances, including wildfire or mechanical 
removal of woody top growth. Preferred nesting habitat for black-capped vireos includes a wide 
diversity of hardwoods in patchy, low-growing configuration separated by open, grassy spaces. 
As high quality habitat ages, it will decrease in quality until it is no longer used; therefore, 
maintaining habitat for black-capped vireos requires active management. Throughout the range 
of the species, the black-capped vireo is threatened by cowbird parasitism and by habitat loss 
from browsing animals, fire suppression, and urban development. Wildfire suppression 
threatens the black-capped vireo because this species utilizes relatively young deciduous shrub 
communities that replace the older, single-species juniper stands after a wildfire. V. atricapilla is 



 

  

currently federally delisted, but is State Endangered; it is discussed here because it shares a 
large amount of habitat with the Golden-Cheeked Warbler. 

Table 3-7. Species of Concern in Fort Hood 

 

Golden-cheeked warblers (Setophaga chrysoparia) are migratory and breed exclusively in 
mixed Ashe juniper/deciduous woodlands of Central Texas (USFWS 2011c). Suitable nesting 
habitat is provided by tall, closed canopy, dense, mature stands of Ashe juniper mixed with 

Scientific Name Common Name Federal Status State Status Status on 
Fort Hood* 

Various species Cave invertebrates Not currently 
listed -- A 

Danaus plexippus Monarch Butterfly Under review -- A 

Spilogale putorius 
interrupta Plains Spotted Skunk Under review -- A 

Plethodon albagula Slimy salamander Not currently 
listed -- A 

Myotis velifer Cave myotis Not currently 
listed -- A 

Perimyotis subflavus Tri-colored bat Under review -- A 

Croton alabamensis var. 
texensis 

Texabama croton Not currently 
listed -- A 

Colinus virginianus Northern Bobwhite Not currently 
listed -- A 

Falco peregrinus anatum American peregrine 
falcon DL 1999 Threatened B 

Falco peregrinus Peregrine falcon Delisted 1999 Threatened B 

Fusconaia mitchelli False spike Under review -- C 

Canis rufus Red wolf Endangered Endangered C 
* Status refers to population status on Fort Hood according to these definitions: (A) Population established on Fort Hood. 
Recent information documents an established breeding population (even if small) or regular occurrence on the 
installation. This includes those species for which research and management is ongoing and several endemic cave 
invertebrates. (B) Recently recorded on Fort Hood, but there is no evidence of an established population. This includes 
species considered to  be transient, accidental, or migratory (e.g., some migrating birds may use the installation as a 
stopover site during migration to and from their wintering grounds). For some species in this category, further inventory 
may reveal breeding populations. (C) Not known to occur on Fort Hood. 

** Note- This table is sourced from the 2019 Fort Hood Integrated Natural Resources Management Plan (originally Table 
4-10) ; any species that had overlap with Table 3-5 were removed. 

*** Please refer to the 2019 INRMP for more information regarding Species of Concern. 



 

  

deciduous trees and is typically found in relatively moist areas such as steep-sided canyons, 
slopes, and adjacent uplands or in drier areas of flat topography. The species is dependent 
upon Ashe juniper bark for nest material and forages on insects gleaned from a variety of tree 
species. Primary threats to the species throughout its range include habitat destruction by urban 
development, brush clearing, oak wilt, range wildfires, and nest parasitism from brown-headed 
cowbirds. 

Suitable habitat for black-capped vireos and golden-cheeked warblers occurs throughout much 
of Fort Hood (Figure 3-8) (Fort Hood, 2019). In 2019, it was estimated that approximately 
49,403 acres of suitable golden-cheeked warbler habitat occur on Fort Hood (Fort Hood, 2019). 
The Fort Hood ESMP designates approximately 8,900 acres of golden- cheeked warbler habitat 
in the Eastern Training Area as core habitat for the species (Hammer 2011). Activities in the 
core habitat area are restricted to minimize impacts on the species. In 2011, it was estimated 
that approximately 22,043 acres of suitable black-capped vireo habitat occurs on Fort Hood 
(Fort Hood, 2019). Surveys conducted from 1992 to 2005 indicated a steadily increasing trend 
in the number of golden-cheeked warblers nesting on Fort Hood, but did not indicate a trend in 
the number of black-capped vireos (Anders and Dearborn 2001). 

Oak wilt has been observed on the Installation and its impacts are unknown, but studies are 
underway to assess the extent and the impacts of this disease. Wildfires on the Installation 
result from military training activities, primarily in the LFIA, during hot and dry periods when fuel 
is readily available in the form of dry brush and grass. Such fires have affected both golden- 
cheeked warbler habitat and that of the black-capped vireo over the past decade. 

Brown-headed cowbirds are most abundant near grazing cattle where they feed on insects 
disturbed by the cattle; however, cowbirds are known to travel up to 5 miles to parasitize nests. 
Brown-headed cowbirds parasitize nests by removing eggs of the occupant and laying their own 
eggs in the nest.  Occupants of the nest then brood over the brown-headed cowbird’s egg.  
Most species parasitized by the cowbird are unable to differentiate between their hatchling and 
the cowbird hatchling, and expend energy and other resources raising only the cowbird. 
However, the golden-cheeked warbler is one of the few species that may either abandon 
parasitized nests, or successfully raise the cowbird hatchling with a reduced number of its own, 
reducing but not eliminating the impacts of cowbirds on the species. Cowbird parasitism on the 
black-capped vireo is a greater concern than on the golden-cheeked warbler because the vireo 
does not have a natural defense mechanism such as nest abandonment. 

Whooping cranes are rare migrants through the Fort Hood area (Fort Hood, 2019). Whooping 
cranes are a common migratory visitor through Central Texas during spring and fall and have 
been observed along the shoreline of Belton Lake. Whooping cranes were observed foraging in 
a borrow pit on Fort Hood in March 2010 (Hammer 2011). This species is not known to nest on 
the installation. 

The Smooth Pimpleback (Cyclonaias houstonensis), listed as a Federal Candidate Species, is 
known to be endemic to the Colorado and Brazos River drainages of Central Texas; this 
mollusk has only been known to exist in relevance to the project in the Leon River bordering the 
outside boundary of Fort Hood (Fort Hood, 2019). This species is very unlikely to occur in the 
project area. Recent genetic studies revealed that smooth pimpleback is synonymous with 
pimpleback, a wide-ranging species that is very common. These studies have been widely 
accepted by the relevant scientific community and the Service. Due to being synonymized with 



 

  

pimpleback, smooth pimpleback is not a valid taxonomic entity; does not meet the definition of a 
species or subspecies under the Act; and, as a result, cannot warrant listing under the Act.  See 
84 FR 41694. 

The Texas Fawnsfoot (Truncilla macrodon), occurred in its historical range within the project 
area, but has not occurred recently and is not known to occur within Fort Hood (USFWS, 2011d 
& Fort Hood, 2019). 

3.8.3 State-Listed Species 

The Timber Rattlesnake (Crotalus horridus) prefers moist lowland forests, hilly woodlands and 
thickets near permanent water sources fallen timber provides hiding habitat (TPWD, 2019b). 
This species is not known to occur within Fort Hood and is not likely to be within the project area 
(Fort Hood, 2019). 

The Texas horned lizard has been documented throughout Fort Hood in low numbers (Webb 
and Henke 2008, Fort Hood 2009b). The species prefers arid to semi-arid habitats with minimal 
vegetation cover over friable soils. Threats to the species include fragmentation of habitats; 
disturbance of habitats, including compaction of soils; predation of prey (i.e., red harvester ants 
[Pogonomyrmex barbatus]) by imported red fire ants (Solenopsis invicta) and direct predation by 
fire ants. This species is known to exist in low density populations within Fort Hood (Fort Hood, 
2019). 

The American peregrine falcon (Falco peregrinus anatum) is a resident of southwest Texas, 
where it occupies a variety of arid and semi-arid habitats (Cornelius et al. 2007, Fort Hood 
2009b). The species was heavily impacted by pesticide use in the late 20th century and was 
previously listed as Federally endangered; however, bans on pesticide use and reintroduction 
efforts have led to recovery of the species over most of its range and delisting of the species by 
the USFWS. The species remains listed as threatened by the TWPD. The species has been 
anecdotally recorded on Fort Hood, and it is presumed that the species is a transitory migrant in 
the area. This species has been recorded as a migratory visitor, but is not known to have 
established populations in Fort Hood (Fort Hood, 2019). 

The Peregrine Falcon (Falco peregrinus) has a widespread distribution and prefers rocky and 
steep cliff sides, mountains, and ledges (TPWD, 2013). This species has been recorded as a 
migratory visitor in Fort Hood, but is not known to have any established populations within the 
installation (Fort Hood, 2019). 

Bald eagles (Haliaeetus leucocephalus) winter regularly on Belton Lake and the shoreline along 
the eastern boundary of Fort Hood (Cornelius et al. 2007, Fort Hood 2009b). Wintering 
populations vary from two to as many as seven, including adults, subadults, and juveniles. 
Historically, threats to bald eagles included hunting, habitat destruction, and widespread 
pesticide use. Laws preventing hunting of the species and outlawing the use of certain 
pesticides have resulted in a significant recovery of this species, and delisting by the USFWS. 
The only substantial threat to this species on the Installation is the aerial support for training 
activities. However, activities near roost sites are heavily restricted when bald eagles are known 
to be in the area. This species is recorded as recently occurring in Fort Hood and is commonly 
seen at the Lake, but is not known to nest on the installation (Fort Hood, 2019). 

 



 

  

 

 

 

 

 

Figure 3-8 Suitable Habitat for S. chrysoparia & V. atricapilla 



 

  

The White Faced Ibis (Plegadis chihi) prefers freshwater marshes, swamps, ponds, and rivers; 
this species occurs in Fort Hood as a migratory visitor in the fall and spring (TPWD, 2019c). 
This species is not known to nest on the installation. 

The Wood Stork (Mycteria americana) prefers cypress swamps, marshes, ponds, and lagoons 
but also forages in essentially any standing freshwater; this species occurs as a rare migratory 
visitor in Fort Hood (Audobon, 2019a). 

The Zone-Tailed Hawk (Buteo albononatus) prefers river woodlands, desert mountains, and 
canyons and tends to forage over open country, grassland, and desert; this species is unknown 
if it occurs in Fort Hood, but is a possible migratory visitor (Audobon, 2019b). 

3.8.4 Other Special Status Species 

Species listed in Table 3-6 that are not State Listed or are not previously discussed will not be 
further elaborated upon. For more information regarding these species that are of other 
conservation concern, please refer to Fort Hood’s 2019 Integrated Resource Management Plan. 

3.9 CULTURAL RESOURCES 

3.9.1 Historical Context 

The Central Texas region has been inhabited since about 12,000 years ago when groups 
hunted large game and collected the plant resources of the region at the end of the last Ice Age 
(Army 1995). As the climate gradually warmed, small bands of people used a wider range of 
plant foods. Burned rock deposits provide archaeological evidence of specialized food 
processing techniques. Later, hunting activities increased and the bow and arrow came into 
use. Pottery-making techniques were developed and subsequent regional trade networks were 
established in the area. 

Europeans reported encountering Tonkawa Indians in Central Texas in the late 1600s (Army 
1995). Little else is known about the Tonkawa people, who may have been displaced by tribes 
from the plains who had adopted horseback riding. Wild horse herds are likely to have attracted 
both Anglo-Americans and Comanches to the area. The Wichita Indians, who had a large 
village at Waco by the early 1800s, hunted in the hill country around Fort Hood, along with the 
Comanches. In the early 1800s, Phillip Nolan operated in the area rounding up horses for resale 
in Louisiana. Nolan Creek runs through the Main Cantonment Area of Fort Hood. The Tonkawa, 
Waco, and Peneteka Commanche were also active in the area surrounding Fort Gates circa 
1850.  

The Brazos River area, including Bell and Coryell counties, was colonized in the 1830s by 
Sterling Robertson and was known as “Robertson’s Colony” (Army 1995). After Texas became 
part of the U.S. in 1846, the Army built Fort Gates on the Leon River; Fort Gates was active 
from 1849-1583. In 1850, Bell County was established from Milam County and the region grew 
as ranchers grazed cattle and hogs on the open rangeland. In the 1880s, railroad access to the 
area increased settlement along the railroad route and provided access to regional markets for 
cash crops such as cotton, which increased in importance through World War I, until its value 
dropped during the economic decline of the 1920s. 

In 1942, Camp Hood was established as a tank destroyer center with 5,630 buildings and 35 
firing ranges (Army 1995). Camp Hood was renamed Fort Hood when it became a permanent 



 

  

Installation in 1951. Since its establishment, Fort Hood has been used as a training location for 
Army armored units. 

3.9.2 Archaeological Resources 

Intensive professional archaeological investigations began at Fort Hood in 1949 with the 
National Park Service (NPS) River Basin Surveys (Army 1999b). Since then, more than 2,200 
archaeological sites, approximately evenly divided between prehistoric and historic sites, have 
been recorded at the Installation. A total of 1,098 prehistoric sites range in age from 12,000 
years old to less than 150 years old and include flaked rock scatters, campsites, burned rock 
features, rock quarries, caves and rock shelters, and rock art. According to the Fort Hood 
archaeological database, 167 of these sites are eligible for the National Register of Historic 
Places (NRHP), and 325 are potentially eligible. A total of 1,120 historic archaeological sites 
include the remains of farms, homes, churches, and cemeteries reflecting Euroamerican 
occupation of the area. According to the Fort Hood archaeological database, 13 sites are 
eligible for the NRHP, and 641 sites are potentially eligible (USACE 2003). None of the Fort 
Hood sites are presently listed on the NRHP (NPS 2011). 

A total of 2,214 archeological resources have been identified. This total comprises 1,111 
prehistoric archeological resources and 1,103 historic archeological resources. The Fort Hood 
Archeological Resource Management Series (FHARMS) consists of over 67 volumes and 
contains a vast amount of archeological and historic data and resource characteristics. 

Prehistoric archeological resource assessment has followed the traditional methodology of 
shovel testing proceeding to Phase 2 National Register testing for NRHP assessments of 
eligibility. This assessment program prioritized testing of resources based on mission needs 
particularly in training areas. Table 3-8 summarizes NRHP eligibility assessments for historic 
and prehistoric archeological sites (Fort Hood Historic Properties Component 2015). 

Table 3-8. Archeological Historic Properties at Fort Hood 

 Total Eligible Eligibility to be assessed Not Eligible 

Prehistoric 1111 200 101 810 

Historic 1103 11 29 1063 

Totals 2214 211 130 1873 
 

3.9.3 Architectural Resources 

Historic architectural resources at Fort Hood include buildings that predate Army ownership of 
the property and more than 600 primarily temporary buildings constructed during the World War 
II era (Army 1995). An evaluation of historic buildings at the Installation in 1990 and 1991 
identified structures that were eligible for the NRHP, including several that predate the military 
Installation and one from the World War II era. None of the Fort Hood buildings are presently 
listed on the NRHP (NPS 2011). 

Many of the built resources and landscape elements of Fort Hood are covered under 
Programmatic Memoranda of Agreement and Program Comments that offer an alternative 
approach to inventory and evaluation. These Program Alternatives are discussed in SOP 1.2. 



 

  

Fort Hood has seven NRHP eligible historic landscapes within the cantonment areas including: 
1) Capehart-Wherry Family Housing; 2) Headquarters/Ceremonial; 3) the Hood Army Airfield; 4) 
Killeen Base; 5) the Motorpool Corridor; 6) Railroad and Transportation Corridors; and 7) 
Unaccompanied Personnel Housing. FHCRM is in the process of finalizing an inventory and 
assessment of built resources that are not covered under the Program Alternatives. Appendix B 
contains the Fort Hood building inventory. FHCRM currently manages four built resources as 
historic properties: Bldg. 53 (Camp Hood Post Chapel), Bldg. 7001 (HAAF Flight Control 
Tower), Bldg. 7013 (HAAF Paint Hanger), and Bldg. 7027 (HAAF Hanger). FHCRM will continue 
to define and establish other built historic properties, districts, and landscapes within the 
constraints of mission requirements and priorities (Fort Hood Historic Properties Component 
2015). 

3.9.4 Traditional Cultural Resources 

At Fort Hood, one traditional cultural place has been evaluated as eligible for the NRHP (U.S. 
Army 1999b). Fort Hood maintains an informal agreement with the Tonkawa and Comanche 
tribes regarding the treatment of human remains under the Native American Graves Protection 
and Repatriation Act (NAGPRA). 

The NRHP recognizes that PTRCI could potentially be considered eligible for listing. Three sites 
have been identified by the Comanche Nation as being of cultural importance to the Comanche 
people: Sugarloaf Mountain (NRHP eligible), Comanche Trail, and 41BL0146 (NRHP eligible). 
An additional site, the Leon River Medicine Wheel, on Fort Hood is of religious importance to 
multiple Native American Tribes. The site was reported during an archeological survey in 1990 
and has been used continuously for ceremonial activities since its identification. Access to the 
location is restricted to Native Americans for traditional observances. FHCRM personnel visit 
the resource for condition monitoring purposes and the Coordinator for Native American Affairs 
serves as a point of contact for Native American access (Fort Hood Historic Properties 
Component 2015). 

3.10 SOCIOECONOMICS 

Executive Order 12898 (Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations) requires an assessment of environmental effects, 
including human health, economic, and social effects on minority communities and low-income 
communities. 

Executive Order 13045 (Protection of Children from Environmental Health Risks and Safety 
Risks) requires an assessment of environmental health and safety risks that may 
disproportionately affect children. 

Seven surrounding cities are partnered with and provide substantial quality of life support to Fort 
Hood: Killeen, Temple, Belton, Salado, Copperas Cove, Gatesville, and Lampasas (Fort Hood 
2009a). Fort Hood’s homepage directs personnel and their families to these areas for various 
activities which economically drive local service and retail industries, bolster development, and 
support community growth. 



 

  

3.10.1 Demographics 

The estimated 2018 population of the seven incorporated places partnered with Fort Hood was 
approximately 302,826 people (USCB, 2018a. Bell County includes four incorporated places 
near Fort Hood: Belton, Temple, Killeen, and the village of Salado. The estimated 2018 
population of these four incorporated places was 22,222; 76,256; 149,103; and 2,351, 
respectively. Coryell County includes two incorporated places near Fort Hood: Gatesville and 
Copperas Cove. The estimated 2018 population of these places was 12,237 and 32,658, 
respectively. Lampasas County includes one incorporated place near Fort Hood, Lampasas, 
which had an estimated population of 7,909 in 2018. 

The Bell County population in 2018 was estimated to be nearly 1.5 times larger than the 
average of all Texas counties and experienced around 4 times more growth than the 
average(Table 3-9) (USCB 2018a/b). Coryell County population was estimated to be nearly a 
third of the average population for all Texas counties in 2018 and experienced a decline in 
population percentage compared to the average. The Lampasas County population was 
estimated to be nearly a 10th of the average population for all Texas counties in 2018 and 
experienced a growth rate approximately 3 times higher than the average for other Texas 
Counties.  

Table 3-9. Bell, Coryell, and Lampasas County Population Estimates and Annual Growth: 2017 to 2018 

County 2017 Population 2018 Population Population Change 
(%) 

Bell 347,851 355,642 +2.2 

Coryell 74,883 74,808 -0.1 

Lampasas 20,919 21,229 +1.5 

Average (Texas) 222,138.95 225,112.5 +0.55 
 

The populations of Bell and Coryell County have higher diversity levels than the State of Texas, 
while Lampasas County is less diverse (Table 3-10) (USCB 2018c). Bell and Coryell counties 
have a proportionally larger population of blacks when compared to Texas as a whole; however, 
the composition of other races is proportionally near or less than the State of Texas average. 
The population of people of Hispanic origin is relatively low in all three counties when compared 
to Texas as a whole. The US Census Board defines Hispanic origin as an ethnicity, and states 
that people with Hispanic origin can be of any race (USCB 2018c). 

3.10.2 Employment and Income 

Income levels in Bell, Coryell, and Lampasas counties are lower than the national average 
(USCB 2017a/b) for 2017 (Table 3-11). Lampasas County had the greatest income by 
household, family, and per capita, while Coryell had the least income by family, household, and 
per capita. In Bell County, the number of families living below the poverty level was greater than 
the national average. 

 



 

  

Table 3-10. Bell, Coryell, and Lampasas County Estimated Percent Composition by Race 2018 

Geography 

Race Population Percentage by Race Alone1  
(US Census Board, 2018c (%) 

White 
Black or 
African 

American 

American 
Indian & 

Alaska Native 
Asian 

Native 
Hawaiian & 

Other Pacific 
Islander 

Two or 
More 
Races 

Bell County 65.8 24.4 1.1 3.3 0.9 4.6 

Coryell 
County 73.6 17.7 1.1 2.1 1.0 4.5 

Lampasas 
County 89.8 4.1 1.3 1.4 0.5 2.8 

State of 
Texas 78.8 12.8 1.0 5.2 0.1 2.0 

1: “Hispanic origin is considered an ethnicity, not a race. Hispanics may be of any race.” 

 

Table 3-11. Bell, Coryell, and Lampasas County Estimated Economic Characteristics for 2013-2017 

Characteristic Bell 
County 

Coryell 
County 

Lampasas 
County 

State of 
Texas 

United 
States 

Median Household 
Income (dollars) 

52,583 50,865 54,467 57,051 57,652 

Median Family Income 
(dollars) 

60,751 57,731 66,662 67,344 70,850 

Per Capita Income 
(dollars) 

25,017 21,171 26,405 28,985 31,177 

Families Below Poverty 
Level (percent) 

11.3 10.5 8.4 12.4 10.5 

People Below Poverty 
Level (percent) 

14.3 13.3 
 

12.0 16 14.6 

 

Fort Hood employs over 35,000 active duty Soldiers and they are complemented by more than 
11,900 civilian employees, making Fort Hood the largest single site employer (150,155 total) in 
the state and directly inserting nearly $24.6 billion annually into the Texas economy in 2018 
(TMPC, 2018). 

The vast majority of employers are located in Bell County, with the least number of employers 
located in Lampasas County (Table 3-12) (USCB 2016). Excluding educational services, 
sectors not reported, and farm-related income, the services sectors are the largest employers 
and payroll providers in the Bell, Coryell, and Lampasas counties. The largest segments of the 
services sector were Health Care and Social Assistance, with 26,550 employees and a payroll 
of more than 1.4 billion dollars, and Professional, Scientific, and Technical Services, with 4,042 



 

  

employees and a payroll of more than 193 million dollars. Other important sectors included 
manufacturing, retail trade, and accommodation and food services. 

The total farm-related income for Bell, Coryell, and Lampasas counties was approximately 8.7 
million dollars in 2017 (Table 3-13) (USDA 2017). The area of land in farm production is greater 
than 400,000 acres in each county; however, Bell County has the greatest number of farms. 
This indicates that Bell County has a disproportionate number of small farms. In each county, 
farms producing cattle and calves account for at least 50 percent of all farms. Livestock and 
crops are of nearly equal market value in Bell and Lampasas County; however, crops account 
for a significantly larger proportion of market value in Coryell County. 

According to the USDA Census of Agriculture (USDA 2017), many types of livestock farms 
occur within Bell, Coryell, and Lampasas counties. These include: cattle and calves, poultry and 
eggs, dairy farms, hogs and pigs, sheep, goats, horses, ponies, mules, burros, and donkeys. 
The dominant livestock operation is cattle and calves totaling over 110,000 animals. When 
compared to other Texas counties, Bell, Coryell, and Lampasas counties ranked 125th, 81st, and 
135th, respectively in Cattle and Calf market value. In total market value for livestock, Bell, 
Coryell, and Lampasas Counties ranked 83rd, 107th, and 143rd, respectively compared to other 
Texas counties. The operators of farms in Bell, Coryell, and Lampasas County were 
predominantly white in 2017 (Table 3-14) (USDA 2017). The proportion of each race operating 
farms is either lower than or similar to the proportion of the total population for each county and 
each race. The largest minority race operating farms is black or African American in Bell and 
Coryell counties, who operate 2.6, 0.6, percent of farms, respectively; whereas the largest 
minority race operators in Lampasas county are American Indian or Alaska Natives, who 
comprise 1.3 % of total operators. 

Table 3-12. Bell, Coryell, and Lampasas County Non-Farm Employment and Payroll by Sector for 2016 

Sector 
Bell Coryell Lampasas 

Employees Payroll 
($1,000) Employees Payroll 

($1,000) Employees Payroll 
($1,000) 

Agriculture, forestry, 
fishing and hunting A X U U A X 

Mining, quarrying, and oil 
and gas extraction 159 7941 A X B X 

Utilities 285 23468 18 921 A X 

Construction 3739 164209 667 22948 496 18455 

Manufacturing 6198 256243 508 24972 644 17843 

Wholesale trade 3098 159178 146 4640 62 1751 

Retail trade 15194 392428 1887 46923 651 20270 

Transportation and 
warehousing 3318 132047 57 1729 46 1621 

Information 1945 122875 86 3158 24 783 

Finance and insurance 3380 190592 409 15243 102 4773 

Real estate and rental 
and leasing 1677 65617 135 4467 37 1825 



 

  

Sector 
Bell Coryell Lampasas 

Employees Payroll 
($1,000) Employees Payroll 

($1,000) Employees Payroll 
($1,000) 

Professional, scientific, 
and technical services 3186 153978 750 34903 106 4427 

Management of 
companies and 
enterprises 

1373 119501 A X B X 

Administrative and 
support and waste 
management and 
remediation services 

2922 87389 1759 22390 223 4876 

Educational services 2024 53087 B X 7 58 

Health care and social 
assistance 24863 1360360 1176 37196 511 15380 

Arts, entertainment, and 
recreation 1257 17979 63 659 B X 

Accommodation and food 
services 12805 181896 1425 18015 403 5358 

Other services (except 
public administration) 4685 104241 613 14907 256 5788 

*A = 0 to 19 employees; exact information not disclosed to protect individual businesses 
*B= 20 to 99 employees; exact information not disclosed to protect individual businesses 
*X= Data not disclosed to protect individual businesses 
*U= Data unavailable for sector 
 

Table 3-13. Bell, Coryell, and Lampasas County Farms and Income from Farm-Related Sources for 2017 

Farm Characteristic Bell Coryell Lampasas 
Market Value of Livestock and Poultry ($) 38,947,000 28,096,000 16,421,000 

Market Value of Crops ($) 38,084,000 8,180,000 2,019,000 

Per Farm Net Cash Income ($) 3,804 -4,412 -7,686 

Farm-Related Income ($) 4,008,000 2,734,000 1,916,000 

Total Farm Acreage (ac) 487,052 456,973 469,013 
 

 

 

 

 

 

 



 

  

Table 3-14. Bell, Coryell, and Lampasas County Census of Farmer's Race 

Race* 
Individuals Farmers per County 

Bell County Coryell County Lampasas County 
Total % Total % Total % 

American Indian or Alaska Native 24 0.6 33 1.3 25 1.3 

Asian 26 0.6 23 0.9 14 0.7 

Black or African American 108 2.6 14 0.6 20 1.0 

Native Hawaiian or Pacific Islander 7 0.2 10 0.4 1 0.1 

White 3,906 94.8 2,392 96.2 1,850 96.0 

More than one Race 50 1.2 15 0.6 18 0.9 
   *Hispanic Origin is not included because the US Census Bureau classifies this characteristic as an ethnicity 

 

3.11 AESTHETICS AND RECREATION 

Aesthetics is essentially based on an individual or group of individuals’ judgment as to whether 
or not an object is visually pleasing or would influence the quality of life. The rural character of 
the Texas Hill Country is largely defined by the vast open vistas created by undeveloped 
rangelands and agricultural development. The local landforms, including flat-topped steep- 
sided plateaus, ridges and isolated hills, sloping valley sides, floodplains, and stream courses, 
are varied and visually interesting. Rocky outcrops are visible at the tops of some of the steeper 
slopes and add visual interest. Vegetation is visually varied with dense shrub forest, areas of 
scattered trees and brush, and areas with low grassy or forb ground cover. Moving or standing 
water along stream channels or in the form of constructed ponds and small lakes is common 
and also adds visual interest. There are no scenic highways or visually sensitive, Federally 
protected areas that have views to Fort Hood. 

Fort Hood has offered to establish an entirely voluntary program with cooperating nearby 
landowners known as the Army Compatible Use Buffer. Under this program, landowners would 
be compensated in exchange for their agreement to maintain the current rural nature of their 
land near Fort Hood’s boundaries (Army 2009). 

3.12 UTILITIES AND TRANSPORTATION 

The Bell County Water Control and Improvement District (BCWCID) #1 provides potable water 
and wastewater treatment for most of the communities surrounding Fort Hood, including Fort 
Hood (BCWID 2011). The BCWCID #1 currently serves a population of 250,000 people and can 
treat and deliver over 90 million gallons of potable water daily. The district’s three wastewater 
treatment facilities serve the City of Killeen and Fort Hood and have a total capacity to treat 30 
million gallons of water per day. The NFH cantonment area relies on wastewater sedimentation 
ponds that are designed to be expanded to meet the requirements of the additional National 
Guard troops that are stationed at NFH every summer (USACE 1999). The treatment facilities 
were constructed in anticipation of heavy use for a few months in the summer, and very low use 
for the remainder of the year. Electric power and natural gas are each provided to Fort Hood 



 

  

through the Texas Utilities and Electric Company and Lone Star Gas Company, respectively 
(USACE 1999). 

The Installation’s principal cantonment area and the adjacent West Fort Hood are bisected by 
U.S. Highway 190, which is a four-lane controlled access road that flows directly into U.S. 
Interstate Highway 35 (I-35). I-35 is the main north-south route through Texas and Mid-America 
from Laredo, Texas to Duluth, Minnesota. Roadways through the Western Maneuver Area and 
West Fort Hood training areas are open to the public and connect many of the surrounding 
communities. West Range Road travels the length of the Western Maneuver Area and connects 
the main cantonment area of Fort Hood to Gatesville and other communities north of Fort Hood. 
Elijah Road and Antelope Road provide access from West Range Road to the western 
boundary of the Installation and residential areas associated with Copperas Cove. Two roads 
bisect the training areas around the West Fort Hood cantonment, Oakalla Road and Maxdale 
Road; however, there are no major residential or commercial areas south of the Installation. 

Cattle are free ranging within the Installation and accidents involving cattle occur on average 
every 3 weeks (USACE 2003). Over a 39-month period beginning in January of 1997, 54 
vehicle accidents were reported, of which 53 involved cattle. All of these accidents involved 
property damage and seven involved injury. The Installation-wide stocking rate during this 
period was 3,500 AU. 

3.13 NOISE 

The primary source of noise exceeding ambient levels is attributed to aircraft use (Fort Hood 
2009). Existing airspace agreements allow Fort Hood aircraft a 500-foot floor.  The historical use 
of the study area by approximately 36,000 flight operations monthly has created approximately 
30 noise complaints per year. Residential areas and isolated residences, along with farms and 
ranches, around Fort Hood are the primary sensitive land uses of concern with respect to noise. 
Most public complaints about Fort Hood activities are caused by aircraft (Fort Hood 2009b). The 
cause of the complaints is not always a direct effect of the noise heard by the people, but due to 
the damage done to facilities or structures when livestock are startled by sudden noise.  

Operation of military vehicles and use of munitions during training activities also produces noise 
levels greater than ambient conditions; however, noise from these sources is typically 
attenuated before reaching sensitive receptors. 

3.14 HAZARDOUS MATERIALS AND WASTE 

The management and use of compounds regulated under the Federal Insecticide, Fungicide, 
and Rodenticide Act (7 USC 136, as amended) are performed by the Environmental 
Management Division (Fort Hood 2009b). The Installation has an Installation Pest Management 
Coordinator who oversees all activities and maintains an application record. All applicators are 
certified prior to using pesticides at Fort Hood. 

The largest quantities of bulk transported materials are vehicle fuels (i.e., gasoline and diesel 
fuel) and aviation fuels (Fort Hood 2009b). Additional transported items include other ignitable 
or flammable materials, corrosives, toxics, and reactive materials such as munitions. These 
materials are mostly transported in small non-bulk packed quantities. 



 

  

Hazardous materials are widely distributed throughout the Installation (Fort Hood 2009b). 
Hazardous materials of interest would depend upon the training activities and the specific 
locations in which they are planned to occur. Information on Resource Conservation and 
Recovery Act (RCRA) (42 U.S.C. 6901) and Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) (42 U.S.C. 9601, as amended) locations within the 
Installation are available through the USEPA’s CERCLA and RCRA databases and registration 
reports. Additional USEPA-identified sites are listed in the Emergency Response Notifications 
System Locations database. These and other potentially hazardous materials and hazardous 
material locations can be identified though the Texas Natural Resource Conservation 
Commission (TNRCC) Waste Management Section (800-832-8244) databases, including the 
leaking tanks report and solid waste registration report. 

  



 

  

4.0 ENVIRONMENTAL EFFECTS 
 

This section of the EA addresses potential impacts associated with the implementation of the 
alternatives described in Section 2.0. Impacts on the human and natural environment can be 
characterized as beneficial or adverse, and can be direct or indirect, based upon the result of 
the action. Direct impacts are those effects that are caused by the action and occur at the same 
time and place (40 CFR 1508.8[a]). Indirect impacts are those effects that are caused by the 
action and are later in time or further removed in distance, but are still reasonably foreseeable 
(40 CFR 1508.8[b]). 

The impact analysis presented in this EA is based upon existing regulatory standards, scientific 
and environmental knowledge and best professional opinions. Impacts can vary in degree or 
magnitude from a slightly noticeable change to a total change in the environment. Minimal 
impacts are impacts that would result in a slightly noticeable or quantifiable change in a 
resource, but which would not substantially change the value of that resource. A moderate 
impact is an impact that would result in easily recognized changes in a resource and potentially 
affect the value of that resource, but would remain less than significant. Significant impacts are 
those effects that would result in substantial changes to the environment (as defined by 40 CFR 
1508.27) and should receive the greatest attention in the decision-making process. The 
alternatives may create temporary (lasting less than a single grazing season), short-term (up to 
3 years), long-term (3 to 10 years), or permanent impacts or effects. Whether an impact is 
significant depends on the context in which the impact occurs and the intensity of the impact. 

The following discussions describe and, where possible, quantify the potential effects of each 
alternative on each resource. All impacts described below are considered to be adverse unless 
stated otherwise. Additionally, a quantitative impact analysis was used to describe potential 
impacts when data were available for the given resource (i.e., soils). Many impacts are 
qualitative in nature (i.e., impact on cultural resources) and are not quantified. 

4.1 LAND USE 

Significant effects on land use include substantial interruptions or delays of military training.  
Any short-term or longer delay of training activities due to direct interaction with cattle or the 
indirect effect of cattle on the landscape would be considered significant. Support of military 
training is part of the primary mission at Fort Hood and part of the purpose and need for the 
Proposed Action. Actions which improve the realism of training activities or result in the long- 
term stability and sustainability of the landscape are considered beneficial to land use and 
support the purpose and need of the Proposed Action. 

Cattle grazing on Fort Hood has resulted in land use impacts in the form of training delays.  
Combat Vehicle Crew gunnery proficiency and qualification training – a subset of Fort Hood’s 
primary mission – has been heavily impacted by cattle grazing in the live fire and impact areas.  
When cattle move within the line of fire, training activities cease until the cattle are removed, 
even though not required by the lease terms.   

In addition to the direct loss of training time, suspending training to clear cattle off the range 
complex has even greater second-order effects on training.  The tempo of range operations is 
disrupted, combat vehicle crews must stop, attempt to restart systems, and resume the intended 



 

  

rhythm of the training scenario. Since none of the training ranges are fenced, training delays are 
expected yearly due to the presence of cattle. 

Though training and grazing can be compatible land uses in most areas at Fort Hood, the 
intensive and critical training activities that occur in the Live Fire and Impact Areas require 
additional restrictions on cattle densities in these areas.  Training delays must be minimized in 
order that soldiers may fulfill the semi-annual requirement to meet Army-mandated qualification 
standards.  .   

Fort Hood range managers have set a limit of 750 AUs in the live fire and impact areas.  This 
represents the maximum number that can reasonably be controlled without significant impacts 
on training. Each alternative incorporates a stocking limit of 750 AU in the Live Fire and Impact 
Area. 

Grazing cattle have less adverse impacts on training in other areas. Where live rounds are not 
used, damage to cattle is avoided and the need to disrupt training is reduced. In these areas, 
cattle tend to avoid interaction with most training activities.  

No air space or visual resource impacts are expected from any alternative. Additionally, range 
conditions under any of the alternatives would not be expected to degrade; therefore, there 
would be no anticipated impact to recreational uses of the land (e.g. hunting and fishing). 

4.1.1 No Action Alternative 

Stocking rates have been reduced by more than 40% compared to historic rates, and improved 
land management practices have been implemented, including increased use of fire 
management, brush control and removal, improved stormwater management practices, and 
other efforts to mitigate training impacts. Without substantial changes in training intensity, 
climate, or occurrence of wildfires, the current stocking rate would not result in significant 
adverse effects on land use, specifically training activities. If future training activities increase or 
the use changes to that which degrades the rangelands, grazing may need to be deferred. Also, 
if there is a substantial change in range conditions or forage type because of drought, fire, or an 
increase in woody vegetation or invasive species, but training intensities do not change, grazing 
may still need to be deferred. 

4.1.2 Alternative 2 – 25% Harvest Efficiency 

Grazing under this alternative would have no significant impacts on training because the 
stocking rate for the Live Fire and Impact Area (LFIA) would be limited to 750 AUs. Under this 
alternative, stocking rates outside the LFIA would slightly decrease in some GMUs and increase 
in others. In GMUs, where there is a reduction in stocking rates, delays or obstacles to training 
activities would also decrease as compared to the No Action. However, in GMUs where the 
stocking rate increases, more delays in training would be expected, although the level is not 
anticipated to rise to the level of significant (unacceptable number of training delays). Increased 
stocking rates would force cattle to forage in areas not previously grazed or only lightly grazed 
when compared to historic conditions. As cattle graze further from previous sites, there is an 
increased chance in training and cattle interactions despite the skittish nature of cattle.  

The Western Maneuver Area – North and Eastern Training Area North both have proposed 
stocking rate increases of almost 150% and 40%, respectively, when compared to the No 
Action. With a stocking rate increase in these two GMUs, there is an increased chance in 



 

  

training delays because of tracked-vehicle collisions with cattle. Cattle injuries and mortality 
could be higher as a result of falling into constructed trenches or being exposed to pyrotechnic 
activities. 

Impacts on recreational uses of the installation would likely occur from more cattle/recreational 
user interactions. The alternative is not expected to cause a decline in ecological condition and 
would therefore not result in any loss in recreational opportunities 

4.1.3 Alternative 3 – Combination Strategy 

Grazing under this alternative would have no significant impacts on training; similar to 
Alternative 2, Alternative 3 would also limit the LFIA to 750 AUs. Areas other than the LFIA 
would use the same stocking rates seen in Alternative 2, with the exception of the Western 
Maneuver Area – North, and the Western Maneuver Area – South, which would have decreases 
from the No Action Plan of 73.4% and 72.8 %, respectively. These two areas would have less 
AUs on them compared to the No Action Plan, and would therefore experience less impacts to 
land use, as well as a decreased chance of cattle mortality or injury. 

4.1.4 Alternative 4 – Modified Combination Strategy (Preferred Alternative) 

Grazing under this alternative would have no significant impact on training and is nearly 
identical to the No Action Alternative’s stocking rates. This alternative would see AU increases 
in the Western Maneuver Area – North and the Eastern Training Area – North of 15.6% and 
41.5%, respectively. There would be an AU decrease only in Western Maneuver Area – South 
by 39.4%. The overall AU stocking rate would be the same as the No Action Alternative and 
would have similar, non-significant, impacts to land use. There is a slightly higher chance of 
tracked vehicle collision or other injury of cattle in areas with increased stocking rates. 

4.2 PHYSIOGRAPHY AND SOILS 

The Farmland Protection Policy Act of 1981 requires Federal agencies to avoid the unnecessary 
and irreversible conversion of farmland to nonagricultural uses. As discussed in Section 3.4.2, 
approximately 39,000 acres of Prime Farmland Soils occur on Fort Hood; however, conversion 
of Prime Farmland Soils for national defense is not regulated and none would be converted to 
nonagricultural uses as a result of any alternative. 

Erosion results in soil loss and occurs naturally across the landscape. Soil loss is typically not a 
significant impact; however, the indirect effects of soil loss on the sustainability of the landscape 
and pollution of downstream waterways can be significant. The tolerable soil loss threshold (T) 
as established by the NRCS (1999) is used in this EA as a significance threshold, such that soil 
erosion rates greater than T are considered significant. T is defined as the maximum amount of 
erosion at which the quality of a soil as a medium for plant growth can be maintained. This 
includes maintaining the surface soil as a seedbed for plants, maintaining the interface between 
the air and the soil that allows the entry of air and water into the soil and still protects the 
underlying soil from wind and water erosion, and maintaining the total soil volume as a reservoir 
for water and plant nutrients. 

Erosion losses are estimated by the Universal Soil Loss Equation and the Revised Universal 
Soil Loss Equation (RUSLE). The T factor is assigned to soils without respect to land use or 
cover, is used to compare erodibility of soils, and does not directly relate to vegetation 



 

  

response. T factors commonly serve as objectives for conservation farm planning to assist in 
the identification of cropping sequences and management systems that will maximize 
production and sustain long-term productivity. Thus, T factors represent the goal for maximum 
annual soil loss in the context of maintaining the long-term sustainability goal. 

Estimated sediment yields were compared to the T listed in the soil survey for each soil type.  
An erosion index was calculated as the ratio of estimated sediment yield to sustainable 
sediment yield. An erosion index greater than 1.0 indicates unsustainable conditions and is 
assumed to result in significant adverse effects. A detailed description of the methods used to 
estimate soil erosion rates using RUSLE is provided in Appendix A. 

Vegetative cover is critical for maintaining natural rates of erosion (Davenport et al. 1998). As 
the cover of perennial bunch grasses is reduced, the space between plants increases, resulting 
in reduced retention of organic matter in the soils, reduced infiltration of precipitation, increased 
evaporation, increased soil temperatures and increased erosion (Hanselka et al. 2001). As 
vegetative cover is reduced to critical levels, soil erosion begins to increase substantially in 
response to small decreases in vegetative cover. Erosion rates beyond this threshold increase 
rapidly and are irreversible, and the landscape becomes unsustainable without implementation 
of remedial actions. 

As discussed in Fort Hood’s 2019 INRMP, military training on Fort Hood is one of the primary 
causes of soil erosion on the Installation. Tracked and wheeled vehicles crush vegetation and 
disturb soils, which results in reduced vegetative cover and increased erosion. Tracking on wet 
soils significantly increases these effects. Recovery of the vegetation and the reduction in soil 
erosion rate depends on the amount of time before the site is disturbed again. Grazing by 
livestock can slow the recovery of these sites because new growth on the vegetation is grazed 
before it can produce sufficient root systems to hold the soil and provide sufficient plant cover to 
reduce erosion. Although levels of vegetative cover return to pre-disturbance levels after a few 
years without disturbance, several years of recovery and remedial actions may be necessary 
before climax grass species return to their pre-disturbance abundance. 

4.2.1 No Action Alternative 

Under the No Action Alternative, soil erosion would continue to occur as a result of both military 
training activities and cattle grazing. Because the potentially affected soils are not Prime 
Farmland soils, or otherwise unique and valuable, the direct loss of soil would have a minimal 
adverse effect on this resource. However, soil erosion rates have indirect impacts on land use, 
water quality, air quality, biological resources and special status species, cultural resources, 
socioeconomics, aesthetics, and recreation as discussed in the sections associated with these 
resources. 

Using RUSLE, estimated sediment yield (i.e., soil erosion rates) occurring as a result of the No 
Action Alternative would be less than significant (Table 4-1) and are within the acceptable range 
of soil loss as defined by NRCS. This analysis assumes that climate conditions, training 
intensity, and other factors influencing productivity (e.g., fire, brush control, or other 
management actions) would remain relatively stable over the long-term. Since this same 
stocking rate has been implemented for nearly a decade, it is reasonable to assume that the 
existing condition would be at a minimum maintained throughout the lease term, if training 
utilization is not increased and there are no significant drought years.  



 

  

4.2.2  Alternative 2 – 25% Harvest Efficiency 

Grazing under Alternative 2 is not expected to have significant impacts on soil in any of the 
GMUs. This alternative is however, expected to have greater impacts to soils compared to the 
No Action Alternative. Under this alternative the stocking rate would be increased; however, 
under this calculation method, training utilization is not a factor to forage availability. Therefore, 
there is concern, despite the soil erosion indices being within the acceptable range, that 
rangeland health could slowly deteriorate and previous recovery of rangelands from reduced 
stocking rates would be negated. This would be particularly susceptible in areas where forage 
biomass is already low and where more vegetation would be removed than under the existing 
condition. This is likely to increasing the erodibility of the soil. Overall, since the AU quantity in 
Alternative 2 is 16% more than the No Action Alternative, it is unlikely that there would be 
differences in impacts to soils that would rise to the level of significant, but with the history of 
overgrazing and the short duration of acceptable erosion and soil loss levels, the potential 
increase in soil loss is notable. See Table 4-1 for a description of the erosion index at each 
GMU for the alternatives. 

Table 4-1. Average Erosion Index by GMU for each of the Alternatives Considered 

GMU Alt 2: 25% Harvest 
Efficiency 

Alt 3: Combination 
Strategy 

Alt 4: Modified Combination 
Strategy 

WMAN 0.64 0.78 0.62 - 0.64 

WMAS 0.75 0.71 0.75 

WFHNE 0.70 0.70 0.70 

WFHNW 0.27 0.27 0.27 

WFHS 0.77 0.77 0.77 

ETAN 0.80 0.8 0.8 

ETAS 0.95 0.95 0.95 

NFH 0.03 0.03 0.03 
 

4.2.3 Alternative 3 – Combination Strategy 

The effects of this alternative on soil erosion rates would be similar to the No Action Alternative 
and would be less than significant (Table 4-1). Implementation of the Combination Strategy 
would promote production of desirable grass species and reduce soil erosion rates over the 
long-term. If the combined effects of grazing, training, climate, or wildfires result in reduced 
forage, stocking rates would be reduced and, if necessary, grazing would be deferred to allow 
rangelands to recover before erosion rates become significant. Alternative 3 would have less, if 
not comparable, impacts to soils in Fort Hood GMUs to the No Action Alternative since it has 
approximately 23% less AUs. 

. 



 

  

4.2.4 Alternative 4 – Modified Combination Strategy (Preferred Alternative) 

Alternative 4 would have nearly identical impacts to soils as the No Action Alternative. This is 
because this alternative has the same total AU quantity with only minor changes in AUs in some 
GMUs. Beneficial practices such as management of invasive flora and controlled burns would 
continue to provide benefits to vegetation communities in the GMUs. In Table 4-1, the erosion 
index values would be extremely similar, if not identical to the No Action Alternative. 

4.3 WATER QUALITY AND JURISDICTIONAL WETLANDS 

Significant impacts on water quality occur when waterbodies are polluted to the extent that they 
are listed as impaired for designated uses under the CWA, or when an action conflicts with local 
or regional plans to maintain or achieve TMDLs. 

The CWA and Executive Order 11990 (Protection of Wetlands) regulate developments affecting 
waters of the U.S. and wetlands. Significant effects occur as a result of lost wetland area. No 
development would occur as a result of grazing; thus, the connectivity of waters of the U.S. and 
extent of jurisdictional wetlands would not be affected by any alternative. 

Grazing livestock can affect water quality both positively and negatively. No matter how good 
management practices are, there will always be negative effects on water quality, but the extent 
of water quality impairment is entirely dependent on how good the management is. Grazing 
livestock negatively affect water quality through erosion and sediment transport into surface 
waters, through nutrients from urine and feces dropped by the animals and fertility practices 
associated with high-density stocking and/or poor forage stands. Good management practices 
for forage production (i.e. maintaining sufficient residual forage) protect the soil surfaces by 
minimizing erosion and transport of sediment into nearby waterbodies.  

The two nutrients of primary concern relating to grazing are nitrogen and phosphorus, both of 
which are found in manure. The other major water quality concern with grazing livestock is 
pathogens, which may move from the waste into surface waterbodes or groundwater. Release 
of nutrients and pathogens from manure deposited on grazing land is influenced by time, 
temperature, moisture, and other variables. Runoff from grazed land can contain high numbers 
of indicator pathogens. However, pathogens counts in runoff from grazed lands are typically 
several orders of magnitude lower than numbers from land where manure is deliberately applied 
or cattle are concentrated in high densities. Nutrient inputs from grazed lands to surface water 
come mainly in the form of nitrogen and phosphorus from manure and decaying vegetation. 
Nutrient impacts on water quality vary considerably in study results, and are dependent on 
specific site conditions such as precipitation, runoff, vegetation cover, grazing density, proximity 
of grazing to waterbodies, and period of use. The risk of nutrient enrichment is low in arid 
rangelands where animal wastes are widely distributed and stormwater runoff volume is 
comparatively light. 

As discussed in Section 3.5 water quality has been significantly affected in the waterbodies 
surrounding Fort Hood, including Nolan Creek, Little Nolan Creek, and the Leon River. Contact 
recreation in these water bodies has been significantly affected by high levels of harmful (i.e., 
fecal coliform) bacteria. Although the most substantial contributors to these adverse effects 
have been attributed to runoff from municipal areas and concentrated animal feeding 
operations, the presence of cattle in any number contributes to harmful bacteria and nutrient 
concentrations in downstream waterbodies (USEPA 2003). Cattle grazing on Fort Hood is a 



 

  

relatively minor source of nutrient and pathogen release (i.e., 2,000± AU distributed over 
250,000 acres of the Installation) when compared to listed sources of pollution resulting in 
impairments to downstream waterbodies. As discussed later in Section 5.0, other ongoing or 
approved actions (e.g., establishment of TMDLs and implementing Watershed Protection Plans) 
within the affected watersheds would result in moderate beneficial effects on water quality in 
these waterbodies and would result in removal of the waterbodies from the list of impaired 
waters. There are currently no TMDLs established for the 3 impaired waters within or adjacent 
to Fort Hood. 

4.3.1 Alternative 1 – No Action Alternative 

Impacts from implementing the No Action would be nearly identical to the existing condition. The 
stocking rate would not be changed from the lease that has been implemented for the last five 
years. Under this stocking rate, water quality variations have not been specifically attributed to 
grazing management. Under this alternative, the impaired portion of Leon River below Proctor 
Lake would not be affected because cattle would not be routinely stocked in North Fort Hood 
unless grazing is deferred in another GMU and cattle must be placed in this GMU.  If stocking 
were required in NFH, impacts would be minor and insignificant considering that Leon River 
runs along the outer boundary of Fort Hood. Little Nolan Creek and Nolan Creek / South Nolan 
Creek may experience some impacts from runoff in heavy rain events from stocked portions of 
the Eastern Training Area – South and the LFIA. 

4.3.2 Alternative 2 – 25% Harvest Efficiency 

Overall impacts to water quality would be similar to the No Action Alternative and at most, 
marginally higher considering the increases in stocking in the Eastern Training Area – North and 
in North Fort Hood. Higher stocking rates can potentially contribute more bacteria to the 
impaired waters during heavy rainfall events in the form of runoff; however, any potential 
increase would be negligible compared to other sources of pollutants in the watershed and 
would not cause any non-impaired water body to exceed state limits and would not cause any 
impaired water body to become worse. 

4.3.3 Alternative 3 – Combination Strategy 

Impacts to water quality under this alternative would be identical to Alternative 2 in six of the 8 
GMUs considering the stocking rates for these GMUs are identical and would contribute the 
same to impaired waters. However, in both Western Maneuver Areas, the stocking rates would 
be significantly lower, which would result in less nutrients from manure entering waterbodies in 
these two GMUs; however, it is unlikely that this decrease would noticeably improve the existing 
water quality. 

4.3.4 Alternative 4 – Modified Combination Strategy 

Impacts to water quality with Alternative 4 would be identical to the No Action Alternative 
considering the total AUs are the same, with minor changes in stocking rates spread out over all 
9 GMUs. 

4.4 AIR QUALITY 

Effects on air quality would be significant if an action results in levels of criteria pollutants 
greater than NAAQS. The Federal Conformity Final Rule mandates that a conformity analysis 



 

  

must be performed when a Federal action generates air pollutants in a region that has been 
designated a non-attainment or maintenance area for one or more NAAQS. Bell and Coryell 
counties are currently in compliance with NAAQS; thus, a conformity analysis is not required. 
Methane produced by cattle on Fort Hood does not reach levels warranting further analysis and 
would not substantially contribute to GHG emissions. The alternatives considered do not include 
any development or additional sources of pollutant emissions. 

4.4.1 No Action Alternative 

The No Action Alternative would have minimal effects on air quality. Air quality is adversely 
affected by the suspension of particulate matter, which occurs in areas where fine soils are 
exposed to wind erosion for prolonged periods. Cattle grazing and training with wheeled and 
tracked vehicles disturbs and compacts soils and can result in reduced plant cover and 
consequently exposure of soils to wind erosion. Grazing, in combination with other land 
management practices, is not likely to result in an increased area of exposed soils relative to 
historic conditions; thus, impacts on air quality would be less than significant. 

4.4.2 Alternative 2 – 25% Harvest Efficiency 

Alternative 2 would have similar effects on Air Quality compared to the No Action Alternative. 
Areas with increased stocking rates such as the Western Maneuver Area – North and the 
Eastern Training Area – North may have higher rates of erosion, and therefore more exposed 
soils that may contribute to Particulate Matter being released. Overall, there is an increase of 
338 AUs and this is not likely to significantly affect Air Quality in comparison to the No Action 
Alternative. Additionally, the acceptable soil loss thresholds as set by the NRCS would not be 
exceeded under this alternative indicating that soil erosion would not be a significant concern 
with the increase. 

4.4.3 Alternative 3 – Combination Strategy 

Alternative 3 would have similar effects on Air Quality compared to the No Action Alternative. 
There is an overall decrease in stocking rates of 466 AUs, but this is not likely to significantly 
decrease impacts to Air Quality already experienced with the No Action Alternative. 

4.4.4 Alternative 4 – Modified Combination Strategy 

Alternative 4 would have similar effects on Air Quality compared to the No Action Alternative. 
The total AUs for Alternative 4 and the No Action alternative are the same; Alternative 4 only 
shifts the AUs in 5 areas, 2 of which were originally ‘swing spaces’ with an increase of less than 
20 AUs. 

4.5 BIOLOGICAL RESOURCES 

Effects on biological resources would be considered significant if the alternative results in loss of 
diversity (i.e., extirpation of a species from the area) or substantial, long-term changes in 
ecological processes such that remedial actions are required. Ecological processes occur at the 
scale of the landscape and affect the cycling of energy, nutrients, and water on the landscape, 
which substantially affect the abundance and diversity of flora and fauna. Healthy rangeland is 
land on which all ecological processes can be sustained indefinitely. Sustainability for long 
periods can be expected as long as the conditions of the soil, soil moisture, and vegetation 
remain within a certain range. 



 

  

The presence of cattle and the impact of grazing on forage availability and vegetation structure 
has varied effects on habitat suitability in grasslands, riparian zones, and aquatic habitats. In 
grasslands, cattle can trample nests of ground-nesting birds, affect cover opportunities for birds, 
mammals, and reptiles, and can reduce forage availability for other herbivores. In riparian 
habitats, cattle grazing can reduce structural diversity of vegetation resulting in reduced 
suitability for riparian dependent birds. Grazing affects aquatic habitats indirectly through its 
effects on soil erosion from upland habitats and through its effects on the filtration and water 
storage capacity of riparian zones. The presence of cattle can also result in direct effects on 
aquatic habitats by destabilizing streambanks, disturbing substrates, and suspending sediments 
in the water. The intensity and scale of these impacts are strongly influenced by the level of 
grazing that occurs. Management at low to moderate levels would realize these adverse effects, 
but would be minimally recognizable on the landscape. However, stocking rates that could lead 
to overgrazing (i.e. management above a moderate threshold given the condition of the range 
when combined with other outside influences such as precipitation rates, invasion of woody or 
undesirable species, training intensities, fire, etc.) are more likely to result in ecological changes 
including loss of floral and faunal diversity and substantial, long-term changes in ecological 
processes.  

Livestock grazing can disturb vegetation through consumption or trampling and can lead to 
changes in plant species composition (Fuhlendorf and Smeins, 1997; Milchunas et al., 1999).  
Intensity and duration of the grazing drive the severity of the impact.  For example, in the 
Edwards Plateau of Texas, heavy grazing by livestock for a duration of 45 years caused 
increased abundance of shortgrasses, whereas taller, more productive midgrasses were more 
abundant under moderate to no grazing (Fuhlendorf and Smeins, 1997). 

Each of the alternatives, relies on maintaining varying levels of residual forage. Maintenance of 
residual forage promotes increased productivity and improved composition of desirable grasses 
over the long-term and consequently improve the suitability grassland habitats for wildlife. 
Maintaining residual forage availability provides direct benefits to forage plants by protecting the 
plant crown from cold, heat, and insect damage and improves vegetative cover and productivity 
by improving soil moisture retention and reducing erosion (Hanselka et al. 2001b, Heitschmidt et 
al. 1998, Thurow et al. 1988, White and McGinty 1999). Maintenance of residual forage also 
helps to conserve a metabolic reserve of leaf and stem tissue that allows plants to recover from 
grazing and is the primary factor influencing rangeland recovery from and tolerance of 
disturbance and drought. Maintenance of minimum levels of residual forage also improves the 
effectiveness of controlled burns by producing high enough temperatures to kill small shrubs 
and tree saplings (i.e., less than 2 feet in height) (Menke 1992, Stevens 2010). 

4.5.1 No Action Alternative 

Grazing would continue to have adverse effects on biological resources but would not result in 
reduced floral or faunal diversity or substantial, long-term changes in ecological processes. 
Implementing this alternative would continue to  support  grassland, shrubland, and woodland 
communities that are suitable for military training that are tolerant of disturbances related to 
training, grazing, fire, and climate (i.e., sustainable); and that provides suitable habitats for the 
greatest diversity of plants and animals. Maintaining this mixture of habitats types will have 
beneficial effects on some wildlife and adverse effects on others, but will insure a long-term 
maintenance of overall diversity (Brown 1978, bock et al 1984). 



 

  

The current stocking rate is the result of past monitoring of rangeland trends and forage 
productivity and represents a light to moderate level (i.e., within management thresholds) of 
grazing given current rangeland conditions. The composition and abundance of desirable 
grasses has not changed substantially since stocking rates were reduced from historic highs to 
the current levels (Appendix A). Grazing at light to moderate levels  can help to sustain this 
mixture of habitats by promoting increased biomass production and improved composition of 
desirable grasses (Hanselka et al. 2001b, Thurow et al. 1988), by preventing the accumulation 
of excessive fuels (Menke 1992, Stevens 2004), by limiting or controlling woody encroachment 
(Predick and Archer 2009, Reinecke et al. 2011, Sankey 2007, Smiens and Fuhlendorph 2011), 
and by promoting long-term sustainability of the grassland and resistance to disturbance and 
climate (Hanselka et al 2001b, Heitschmidt et al. 1998, White and McGinty 1999). 

Because cattle tend to concentrate near water, grazing would continue to have adverse effects 
on riparian and aquatic habitats. Although maintenance of residual forage in grasslands would 
have long-term beneficial effects on aquatic habitats as a result of reduced soil erosion and 
water pollution, the direct effects of grazing on riparian and aquatic habitats would continue. 
Grazing in riparian areas would continue to affect vegetation structure and composition, 
destabilize stream banks, and disturb substrates. These direct impacts can reduce the suitability 
of riparian and aquatic habitats by reducing the availability of forage and cover and by reducing 
water quality. Although many of the adverse effects of grazing on riparian and aquatic habitats 
would continue, they would not result in a loss of floral or faunal diversity or result in substantial, 
long-term changes in ecological processes. 

4.5.2 Alternative 2 – 25% Harvest Efficiency  

Although the 25 percent Harvest Efficiency calculation is deemed a conservative stocking rate 
(Hanselka et al., 2002) for rangelands, this method does not account for ecological health 
impacts from training activities. This is the first forage inventory that indicates rangeland health 
is in acceptable condition for all GMUs under all grazing calculation methods. This was a result 
of stocking reductions over the last 15+ years. Before stocking rate reductions, the 25% Harvest 
Efficiency Method was used; however, NRCS reports in 1996 and 2000 indicate that despite 
using the standard method of stocking rate calculation, overgrazing and intensive military 
training activities were contributing to excessive erosion and poor ecological conditions.  

For the two GMUs that would have increased stocking rates over the No Action, it is anticipated 
that rangeland health and all biological resources in the GMUs could decline potentially 
reversing the recovery of rangelands from historic overgrazing. Intensive training use of these 
two areas has resulted in lower biomass and more loss of perennial vegetation than is actually 
represented by the calculation methodology. If this stocking rate was implemented, it is likely 
that there will be less residual biomass available to protect soils from erosion and invasive 
species establishment; there would be a decrease in desirable perennial species, and a decline 
in overall ecological health. With decreased ecological health, the suitability of grassland and 
riparian habitats for wildlife is also expected to decrease. 

The impacts of implementing this alternative on the GMUs with decreased stocking rates would 
maintain at a minimum existing rangeland conditions, but could potentially see improvements by 
leaving more residual forage. Maintenance or increase of residual forage would promote 
increased productivity and improved composition of desirable grasses over the long-term and 
consequently improve the suitability of grassland habitats for wildlife.  



 

  

Grazing under this alternative could result in adverse impacts to the wildlife on the installation; 
however, these impacts are not expected to be significant. Grazing throughout the installation 
would continue to attract cowbirds, however, the trapping program currently being implemented 
has proven effective at reducing the impacts on endangered birds, therefore other songbird 
species are expected to receive the same benefit. Other direct impacts of grazing on faunal 
species, such as trampling of ground-nesting birds or behavioral exclusion of deer likely would 
occur at the stocking rates in this alternative, similar to the levels that are currently occurring.  
The current and historical impact of stocking at the 25 percent Harvest Efficiency rate on fauna 
is insignificant; therefore, it is unlikely that stocking at this rate will result in significant impacts. 

4.5.3 Alternative 3 – Combination Strategy 

Alternative 3 would have the least adverse effect on biological resources of all the alternatives. 
This alternative promotes maintaining higher residual forage rates based on the anticipated 
training utilization of the GMUs.  

The adverse effects of grazing on riparian and aquatic habitats would be similar to the no action 
alternative, but somewhat lessened particularly in the GMUs with reduced stocking rates. 
Overall there would be less direct adverse impacts from grazing, as the total AUs are less than 
the No Action Alternative; the beneficial impacts to biological resources from grazing would be 
similar to the No Action Alternative: Continuous grazing can hasten the encroachment of wood 
or nuisance flora species in grassland areas. 

4.5.4 Alternative 4 – Modified Combination Strategy 

Alternative 4 would have very similar effects to biological resources as the No Action Alternative 
due to their overall stocking rates being the same. There are minor variations in stocking rates 
in individual GMUs, with moderate stocking rate increases in the Western Maneuver Area – 
North and the Eastern Training Area – South. Areas of increased stocking rates may have 
slightly increased adverse effects, but these would be negligible differences compared to the 
effects of the No Action Alternative. 

4.6 SPECIAL STATUS SPECIES 

Actions that adversely affect Federally listed species are considered significant if the effects 
cannot be minimized to a level that avoids jeopardy. TPWD regulations prohibit the taking, 
possession, transportation, or sale of any of the animal species designated by state law as 
endangered or threatened without the issuance of a permit. Actions that result in substantial 
adverse effects on state-listed species, such that local populations become unsustainable or 
extirpated, would be considered significant. 

The MBTA made it illegal for people to "take" migratory birds, their eggs, feathers, or nests. 
Take is defined in the MBTA to include, by any means or in any manner, any attempt at hunting, 
pursuing, wounding, killing, possessing or transporting any migratory bird, nest, egg, or part 
thereof. Actions which result in substantial take of migratory birds, their eggs, or nests; such that 
local populations become unsustainable or extirpated, would be considered significant. 

4.6.1 No Action Alternative 

Under the No Action Alternative, adverse effects on special status species would be less than 
significant. Grazing at any stocking rate is not likely to adversely affect special status species 



 

  

that are suspected to be transient at Fort Hood, including, Whooping cranes, Peregrine Falcons, 
Piping Plover, Interior Least Tern, and Bald Eagle. The Timber Rattlesnake, which prefers 
wooded habitats, is also not likely to be affected by stocking rates, but could be adversely 
affected if damaging fires occur in woodland areas as a result of excessive accumulation of 
fuels. Continued grazing is not likely to impair aquatic life use of Belton Lake and is 
consequently not likely to affect the suitability of habitats for bald eagles. The Texas horned 
lizard, which prefers low vegetative cover, could benefit from the effects of continued grazing on 
vegetative cover. Any species that have not been recorded in Fort Hood or the vicinity will not 
be discussed. The likelihood of a special status species occurring in or near Fort Hood is 
discussed in Section 3.8. 

The troglobite fauna in Fort Hood such as the possible Kretschmarr Cave-Mold Beetle would not 
be affected by current stocking rates. This species may inhabit caves in Fort Hood, although this 
is very unlikely considering they are currently understood to be restricted to less than 10 caves 
in Travis County. The primary threat to these species is disturbances which occur within caves 
or other karst features. Caves and karst features (i.e., landscape formed by layers of soluble 
bedrock) on Fort Hood have been identified and are protected from human disturbance. 
Substantial increases in erosion rates that result in deposition of sediments within karst features 
or substantial increases in woody cover that result in increased evapotranspiration and reduce 
water flows could adversely affect these species. These impacts are not likely to be substantial 
with continued stocking at current levels. 

At least one state-listed freshwater mussel occurs near Fort Hood, and one other freshwater 
mussel may also be found on the installation. These mussels are adversely affected by activities 
that lead to excessive sedimentation or adversely affect water quality. Although cattle grazing 
can contribute to both sedimentation and water pollution, grazing at sustainable stocking rates 
can substantially reduce these impacts. Efforts to allow growth of riparian buffers along 
tributaries and streams, and other land management practices that reduce erosion, help to 
reduce both sediment and pollutant loads carried into streams by surface runoff. These impacts 
are not likely to be substantial with continued stocking at current levels. 

Migratory birds would continue to be adversely affected by the No Action Alternative. Migratory 
birds utilize grassland, shrubland, and woodland communities depending on the species and 
resource use (i.e., nesting or foraging). The effects of cattle grazing and other land management 
practices would sustain a mixture of these habitat types across the Installation. Grazing and 
other land management practices would continue to affect the cover conditions of grassland 
habitats; however, these habitats are not likely to be substantially degraded such that it affects 
the status of any migratory bird. Cattle can also affect migratory bird populations by attracting 
brown-headed cowbirds, which parasitize the nests of other species. Adverse impacts on 
migratory birds would not result in take such that population levels become unsustainable and 
would not be significant. 

One Federally listed species, the Golden-Cheeked Warbler (S. chrysoparia) is affected by 
grazing at any stocking rate because the presence of cattle attracts brown-headed cowbirds. 
The golden-cheeked warbler and black-capped vireo are both adversely affected by cowbird 
brood parasitism. As discussed in Section 5.0, the cumulative effects of past and present 
actions have affected these Federally listed species. The effects of grazing on the Installation, 
including the effects of brown-headed cowbird parasitism, are assessed in the Fort Hood ESMP 
(Fort Hood 2019). Fort Hood implements the reasonable and prudent measures to promote the 



 

  

recovery of the two species on the Installation, which include limiting cowbird parasitism to less 
than or equal to 10 percent, as described in the USFWS’s (2015) Biological Opinion of Fort 
Hood’s ESMP. The adverse effects of grazing on golden-cheeked warblers and black-capped 
vireos would continue at current levels, would not affect the status of the species, and would be 
less than significant. 

4.6.2 Alternative 2 – 25% Harvest Efficiency 

As described under the No Action Alternative, light to moderate stocking rates are not likely to 
substantially affect the suitability of habitats utilized by special status species on Fort Hood, and 
Alternative 2 is not likely to significantly adversely affect most special status species. There is 
potential that implementing this alternative could adversely affect the recovery of grassland and 
other habitats within the two Western Manuver GMUs because of the increased stocking rate 
over the No Action. This could result in a reduction in these available habitats, although it is not 
anticipated that the increase in stocking rates would result in a long-term loss of diversity or 
extirpation of the species from the Installation. 

The Smooth Pimpleback is a Federal candidate, but is likely to no longer be a candidate species 
for listing under the ESA that is currently affected by grazing on Fort Hood. Although these 
impacts are less than significant, the Army would monitor their listing status and consult with the 
USFWS if these species become listed in the future. Grazing would continue to attract brown-
headed cowbirds and result in parasitism of migratory and Federally listed birds, specifically, the 
golden-cheeked warbler. However, the rate of parasitism would continue to be monitored and 
controlled in compliance with the 2015 BO which authorizes grazing under the Endangered 
Species Management Program. If cowbird parasitism or other adverse impacts to federally-
listed species exceed the amount assessed in the 2015 BO, the Army would reinitiate 
consultation with the USFWS pursuant to the ESA. Therefore, Alternative 2 is not likely to 
adversely affect Federally listed species. 

4.6.3 Alternative 3 – Combination Strategy 

Alternative 3 would have similar adverse and beneficial effects to special status species as 
described in the No Action Alternative. This alternative has a lower overall stocking rate than 
under the No Action Alternative, meaning there are likely to be less cumulative impacts to 
special status species. Grazing would continue to disturb habitat utilized by resident and 
migratory species, but this alternative is not likely to significantly affect the existence or habitat 
suitability of special status species. 

4.6.4 Alternative 4 – Modified Combination Strategy 

Alternative 4 would have similar, if not identical effects to special status species as described for 
the No Action Alternative. This is because these alternatives share the same overall stocking 
rate, meaning any minor changes in GMU stocking rates are not likely to significantly alter 
effects to special status species already experienced with existing stocking rates. 

4.7 CULTURAL RESOURCES 

Cultural resources are subject to review under both Federal and state laws and regulations.  
The National Historic Preservation Act (NHPA) of 1966 (16 USC 470, as amended) requires the 
assessment of effects through consultation with the Advisory Council on Historic Preservation. 
Under Section 106 of the NHPA, consultation with the State Historic Preservation Officer 



 

  

(SHPO) is required for all Federal actions. The Archaeological Resources Protection Act of 
1979 prohibits the excavation, removal, damage, or other alteration or defacing of 
archaeological resources located on public lands. Fort Hood maintains an informal agreement 
with the Tonkawa and Comanche tribes regarding the treatment of human remains under the 
NAGPRA. A significant impact on cultural resources would occur if resources that are eligible for 
listing on the NRHP are substantially degraded such that they would no longer be eligible for 
listing. 

4.7.1 All Alternatives 

Impacts to Cultural Resources would remain not significant. Trampling and erosion from cattle 
do not typically affect any cultural resources and are comparable, if not less than, the impacts 
already experienced from tracked-vehicle use. In areas of particular concern, a best 
management practice to avoid any impacts to important cultural resources will be implemented. 
The highest stocking rate is 2,338 AUs, under Alternative 2, which is not great enough to 
significantly impact cultural resources. 

4.8 SOCIOECONOMICS 

An action would result in significant impact if it causes a permanent population increase beyond 
the capacity of existing and projected infrastructure and public services, causes the vacancy 
rate for housing to fall, requiring relocation of existing people, construction of replacement 
housing elsewhere, or relocation of housing or businesses, or causes a reduction in local 
income that would affect the surrounding city or county budgets through loss of tax revenue. 

There are no significant social impacts due to any of the proposed alternatives. 

No impacts related to any of the proposed alternatives are expected to affect environmental 
justice populations or children since individual resource area impacts described throughout this 
chapter do not disproportionately affect minority or low-income populations or children. 
Economic impacts will not be disproportionate because the action affects only a small proportion 
of regional farm production costs incurred by all producers.  

Because economic impacts are evaluated at a regional level, not upon the associated 
individuals, the most notable economic impacts related to the grazing outlease program are 
likely to occur under Alternative 3, Combination Strategy, which would decrease the stocking 
rate by about 25%. Reductions in the stocking rates could affect income and profit for members 
of the CTCA, but these adverse effects would not extend to the agricultural sector of the 
economy as a whole and would not be significant. The stocking rate under the No Action and 
Alternative 4 would remain the same as the existing condition and implementation of Alternative 
2 could realize a slight increase for CTCA members, but not of an amount that would 
significantly contribute to the overall regional economy.  

4.9 AESTHETICS AND RECREATION 

Significant effects on aesthetics occur when an action results in substantial loss or degradation 
of the visual qualities of the landscape that are valued by the local culture. Significant effects on 
aesthetics of rangelands on Fort Hood would include large areas of denuded and eroding soil or 
substantial encroachment of woody species and loss of grassland vistas. 



 

  

Significant effects on recreation occur when recreational opportunities are lost or their value is 
substantially degraded. As discussed in Section 3.9, recreational opportunities on Fort Hood 
generally consist of hunting, fishing, and water sports on Lake Belton. 

4.9.1 No Action Alternative 

Under the No Action Alternative, there would be no anticipated change from the existing 
condition. 

4.9.2 Alternative 2 – 25% Harvest Efficiency 

Alternative 2 would have similar beneficial and adverse effects to the No Action Alternative, with 
the possibility of higher adverse impacts considering this alternative has an overall gain of 338 
AUs. A higher stocking rate could mean more erosion due to trampling, grazing, and reduced 
soil stability, which in turn could affect the surrounding natural features such as water bodies 
and their visual qualities. The increase in AUs is however, not likely to result in a vast increase 
in adverse effects overall; the only area that may be of concern is the Western Maneuver Area – 
North since it sees a change from 320 AUs in the No Action Alternative to 749 AUs in 
Alternative 2. Effects on recreation would be comparable, if not marginally higher than, the No 
Action alternative. 

4.9.3 Alternative 3 – Combination Strategy 

Alternative 3 would have similar beneficial and adverse effects to the No Action Alternative, with 
the possibility of lower adverse impacts considering this alternative has an overall decrease of 
466 AUs. A decrease in stocking rates could translate to less erosion due to trampling and 
grazing, which in turn could provide more beneficial effects to the GMUs. As stated in sections 
4.2 and 4.5, moderate grazing can help maintain grasslands, and therefore the visual quality of 
the land. Effects on recreation would be comparable, if not marginally higher than, the No Action 
alternative. 

4.9.4 Alternative 4 – Modified Combination Strategy 

Alternative 4 would have nearly identical beneficial and adverse effects to the No Action 
Alternative; this is because they share the same AUs overall, whereas Alternative 4 only has 
minor variations in stocking rates in GMUs. Aesthetics and recreation are likely to experience 
the same beneficial and adverse effects as described in the No Action Alternative. 

4.10 UTILITIES AND TRANSPORTATION 

Significant impacts on utilities would occur when an action results in increased use beyond 
existing or planned capacity or when an action results in reduced access to or availability of 
utilities. Utilities-based effects would also occur as a result of extending utilities into previously 
undeveloped areas. Grazing would not increase use or availability of utilities and therefore have 
no impact under any alternative. 

Significant impacts on transportation would occur when an action results in substantial delays or 
substantially affects safety. 

4.10.1 No Action Alternative 

Under the No Action Alternative, delays and collisions related to cattle on roadways would be 
similar to the existing condition and would not be expected to increase in the future.  Accidents 



 

  

involving cattle would continue. Signs indicating the presence of cattle on the range and signs 
indicating locations of frequent crossings minimize the frequency of cattle- related incidents. 

4.10.2 Alternative 2 – 25% Harvest Efficiency 

Alternative 2 would have similar adverse effects to transportation as the No Action, except that 
an increase in the stocking rate in some GMUs could result in an increase in delays and 
collisions. All other GMUs would have stocking rates very close to the No Action and therefore 
would not be expected to have impacts that were measurably different than under the existing 
condition.  

4.10.3 Alternative 3 – Combination Strategy 

Alternative 2 would have similar, but less adverse impacts to transportation than the No Action 
Alternative considering there is an overall decrease in AUs. 

4.10.4 Alternative 4 – Modified Combination Strategy 

Alternative 4 would have identical impacts to the No Action Alternative; this is because the 
overall stocking rate is the same, with minor variations in individual stocking rates within GMUs. 

4.11 NOISE 

Noise would result in significant adverse effects when the level of noise damages hearing or 
creates a substantial nuisance or hazard to other activities. Suitable noise levels for the 
workplace, residential areas, and other designated places have been developed by the Office of 
Safety and Health Administration and the USEPA; however, noise levels outside the workplace 
are typically regulated by local government agencies.  

Although grazing occurs near residential areas and other noise sensitive locations on and 
around the Installation, grazing does not contribute to noise levels above ambient conditions; 
this, there would be no adverse effects on noise if any alternative is implemented. 

4.12 HAZARDOUS MATERIALS AND WASTE 

Through the RCRA and the CERCLA, the USEPA has developed guidelines for the safe 
treatment, storage, and disposal of hazardous materials and wastes. Grazing would not result in 
the treatment, storage, or disposal of hazardous materials or wastes; thus, there would be no 
adverse effects from these substances occurring as a result of any alternative. 

  



 

  

5.0 CUMULATIVE EFFECTS 
  

5.1 IDENTIFICATION OF CUMULATIVE EFFECTS ISSUES 

The CEQ defines cumulative effects as “the impact on the environment which results from the 
incremental impact of the action when added to other past, present, and reasonably foreseeable 
actions regardless of what agency (Federal or non-Federal) or person undertakes such other 
actions” (40 CFR 1508.7). This section continues, “Cumulative impacts can result from 
individually minor but collectively significant actions taking place over a period of time.” 

In Section 4.0, this EA identified several resources which would not be affected by the Preferred 
Alternative: utilities, noise, and hazardous materials and waste. Although other actions would 
affect these resources, the Preferred Alternative (Alternative 4) would not affect these 
resources; therefore, there would be no cumulative effects. For the remaining resources 
addressed in Section 4.0, adverse effects were assessed as minimal and some resources 
would be beneficially impacted. 

5.1.1 Land Use 

Land use on Fort Hood has changed to meet the requirements of an evolving military training 
Installation. As training activities have changed, so have cattle management strategies. These 
two components have interactively and cumulatively affected land use. As training methods 
evolve, action areas experience change, and stocking rates must then be adjusted to avoid 
substantial adverse impacts. The most recent training development plan involves the 
construction and modification of Installation ranges and is summarized below: 

• The 10-year range development plan began in 2010 and includes the construction and 
modification of 24 ranges within the LFIA and their associated facilities to support 
changing military training standards. Each project has a specific year associated with its 
construction. Best Management Practices (BMP) will be followed which utilize 
stormwater runoff mitigation and low-impact development techniques (Hoganwood 
2011). 

Stocking rates in the LFIA would not change under any of the alternatives assessed in this EA, 
including the No Action Alternative, and the range development plan would have a limited effect 
on forage availability. The use of controlled burns, brush removal and control, and other BMPs 
would continue to have beneficial effects on the value and sustainability of the landscape for 
military training. 

5.1.2 Water, Soils, and Air 

The Hill Country of Central Texas has experienced significant declines in water quality, stream 
and river geomorphology, and soil stability. On Fort Hood training areas, this combined and 
cumulative degradation affects the predominantly clayey soils, causing sedimentation in 
adjacent streams (Cowhouse Creek, Nolan Creek, etc.), consequently affecting Belton Lake and 
Leon River. These large downstream bodies of water also draw runoff and associated pollutant 
loads from the adjacent Cities of Killeen, Harker Heights, Belton, and Temple. These declines 
adversely affect riparian and aquatic environments, and consequently human communities.  
This degradation can be historically attributed to early cattle management practices, invasive 



 

  

species introduction, and inadequate wastewater treatment facilities. These historic effects have 
experienced remediation/monitoring from several government-funded programs including, but 
not limited to, the following: 

• The Installation Restoration Program (IRP), established in 1975 to provide guidance and 
funding for the investigation and remediation of hazardous waste sites caused by historic 
disposal activities at military Installations. 

• The Soil Erosion Inventory compiled in 1998 by Fort Hood and the NRCS to determine 
erosion tolerance levels on the Installation. 

• The Soil Erosion Survey and Rangeland Health study conducted in 2001 through 2002 
and 2004 to determine rangeland health and soil stability. 

• The TCEQ conducts ongoing water quality surveys producing impairment data which 
can be used to produce mitigation and quality improvement protocols. 
 

Proposed, present, and future projects which include mitigation efforts and water quality 
improvement projects are summarized below: 

• The Tank Trail Maintenance project improves over 400 miles of tank trails present on 
Fort Hood. These trails experience significant degradation due to intensive use. 
Maintenance is required to prevent erosion, sedimentation, and runoff that can impair 
Cowhouse Creek and consequently Belton Lake or Leon River (Hoganwood 2011). 

• The Maneuver Access Structure Program proposal would initiate the Installation of 
maneuver structures commonly referred to as “gully plugging”. These Installations fall 
under Integrated Training Area Management (ITAM) and reduce sediment influx to Lake 
Belton which is attributed to constant tank maneuvering. These Installations consist of 
the placement of rock structures over seasonal water drainages. This slows runoff during 
heavy precipitation and reduces erosion and consequently sedimentation (Hoganwood 
2011). 

• Wastewater treatment infrastructure developments at Fort Hood and surrounding cities 
are in progress or in planning and will meet the demands of a growing population. 

All future projects occurring on the Fort Hood Installation have associated contamination risks 
involving the handling of fuels, oils, volatile organic compounds, and hazardous materials and 
will be avoided or minimized by use of BMPs. Compliance with wastewater treatment 
regulations and integration into the current wastewater treatment system will likely be required; 
thus, any future cumulative effects would be minimized. Current wastewater treatment projects 
would markedly reduce municipal runoff levels, effectively allowing for natural vegetative 
filtration to resolve impairments over time. 

A large portion of Fort Hood training acreage is considered highly susceptible to erosion (see 
Figure 3-3). In erosion areas already bare from previous soil activities such as the Western 
Maneuver Area, overgrazing effects are exacerbated by military vehicle maneuvering. Loss of 
perennial vegetative cover as a result of heavy training maneuvers has resulted in annual 
woody encroachment and high erosion rates. These degraded soil communities would stabilize 
given the combined effects of a residual biomass maintenance program and ongoing 
revegetation measures to prevent grassland and streamside erosion. A project has been 
proposed to remove woody plants and brush so that healthy grassland communities which 
support training operations will return. This project is summarized below: 



 

  

The U.S. Army, Headquarters III Corps and Fort Hood propose to perform woody species 
management throughout the western maneuver training areas. The area encompasses the 
entire west side of the Installation. It is located in both Bell and Coryell counties, although the 
majority of the area lies within Coryell County. The project footprint is approximately 67,000 
acres. The estimated amount of Ashe juniper and mesquite to be removed is approximately 
3,000 acres (Hoganwood 2011). 

Prior to any vegetation removal, coordination between Directorate of Public Works Natural 
Resources staff, Range Control, Integrated Training Area Maintenance, and the contractor's 
staff who would perform the maintenance would occur. The addition of riparian buffer zones in 
current and future project BMPs will also promote the restructuring of deep and complex root 
systems which prevent soil loss and stream sedimentation. When combined with the Proposed 

Action, the woody species management plan would minimize any cumulative erosion issues 
through the moderation of grazing activity throughout the Installation. 

5.1.3 Vegetation 

Central Texas Hill Country grasslands and cross-timbers have historically been altered by 
several additive and cumulative factors, including poor cattle management during European 
settlement, an overpopulation of white-tailed deer, and Ashe juniper expansion. In many places, 
continuous overgrazing and fire suppression has reverted the cross-timber and mid- grass 
dominant ecosystem to patches of mid-grass separated by large areas of bare soil and short-
grass. White-tailed deer over-browsing has affected plant diversity while hoof trails have eroded 
soil and diverted overland water flow. The expansion of Ashe juniper has substantially lowered 
the floral species diversity. 

During the early decades of the Installation’s history, extensive sodding and seeding of large 
areas for training purposes added to these stress factors, causing further alteration of 
vegetation structure. Soil compaction and erosion from both training exercises and cattle 
movement have been primary factors contributing to these alterations. In recent history, 
monitoring projects have been initiated in an effort to understand the scope of change in the 
interest of mitigation. These projects are noted below: 

• The Fort Hood Vegetative Resource Inventory (1998) 
• The Fort Hood Vegetation Survey Project (2002) 
• The study involving tolerance of switchgrass to tracked vehicle disturbance (ongoing) 

As a result of these monitoring efforts, Fort Hood has proposed a project to perform 
maintenance in the form of woody species management (small tree and brush removal) from 
the entire Western Maneuver Area, which encompasses 67,000 acres on the west side of the 
Installation, over 10 years. 

The Proposed Action, when combined with BMPs involved in the aforementioned project, would 
give grass time to grow, and reduce the overall impacts on the environment. Therefore, the 
cumulative effects on the environment under the GMPs assessed in this EA would be less than 
significant. 

  



 

  

5.1.4 Special Status Species 

Cumulative impacts on fauna are determined to be significant using standards similar to those 
used for assessing traditional impacts (See Section 4.2). However, the temporal aspect holds 
greater weight during cumulative impact analysis due to both a larger time scale (past, present, 
and future projects), and a capacity for rapid change within native wildlife populations in any 
given season. In order to preserve current population levels and establish buffers against large- 
scale and unpredictable events (wildfire, drought, flooding, etc.), the health of any individual 
species population must be directly tied to range health (i.e, soil, vegetation, water) and its 
ability to sustain at least current levels of abundance and species richness. 

The main species of concern present on Fort Hood is the Federally endangered golden- 
cheeked warbler. The largest threats to this species, which can be mitigated by Fort Hood 
activities, are habitat alteration and removal and nest parasitism by brown-headed cowbirds. 
Projects buffering and preserving the riparian habitats which are frequented by this species 
have been outlined in previous sections; however, historic and ongoing projects involving 
parasitic species control have proven effective and can cumulatively interact with proposed 
action alternatives to avoid or minimize adverse effects: 

• A cowbird trapping and shooting program began in 1988 and has since lowered rates of 
parasitism and consequently raised abundance levels of both endangered passiforms 
(Hayden et al. 2001). 

• The Maneuver Access Structure Program proposal outlined in Section 5.1.2 preserves 
riparian ecosystems through the prevention of erosion and sedimentation which affects 
local riparian ecosystems as it is transported to larger permanent water bodies. 

Rates of cowbird parasitism would be maintained at rates less than or equal to 10 percent under 
each alternative assessed in this EA; therefore, adjustment of stocking rates would not result in 
a change in the effects of grazing on warblers or vireos. Improved riparian ecosystem 
management would improve habitat for these species, thereby, further minimizing or avoiding 
adverse effects on these species. 
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I. Introduction 
Cypress Environmental Services, LLC (Cypress) was contracted by the U.S. Army Corps of Engineers 

Regional Environmental Planning Center on behalf of Fort Hood Directorate of Public Works to produce 

an inventory of forage resources. The inventory involved on-the-ground studies of 70 predetermined 

sampling locations across Fort Hood and an analysis of the on-the-ground studies to determine 

recommended stocking rates based on estimates of forage biomass, erosion potential, and military training 

impacts. The forage inventory was accomplished with teams from Cypress and Freese and Nichols, Inc. 

between July 16, 2019 and July 22, 2019. 

II. Methods 

A. Field Surveys 

70 sampling locations were identified for the 2019 Fort Hood Forage Analysis. In order to select the 

appropriate locations for each sampling point, Fort Hood requested that the current inventory reference 

the sampling locations identified in the 2005 vegetation survey conducted by Texas A&M University and 

the 2010 Grazing Outlease Management Plan conducted by Gulf South Research Corporation. A meeting 

with Tim Buchanan, Chief of Natural and Cultural Resources at Fort Hood, was held on July 16, 2019 to 

confirm the location of each sampling point.  

The 2005 vegetation survey included 131 predetermined sampling locations located throughout Fort 

Hood that were previously used in a 2004 vegetation survey conducted by the Center for Grazinglands 

and Ranch Management (CGRM) at Texas A&M University. The 2010 Grazing Outlease Management Plan 

included 77 sampling locations that were divided proportionately between each grazing management unit 

(GMU) based on the percentage of area of each soil type in the GMUs.  

Both surveys were referenced to determine the 70 sampling locations for the 2019 inventory. The 

sampling locations were randomly selected and divided proportionately among the GMUs. Table 1 shows 

the number of sampling locations within each GMU. 

Table 1: Number of sampling locations within each GMU for 2019 analysis 

GMU 
Number of sampling 

locations 

Western Maneuver Area – North 20 

Western Maneuver Area – South 20 

Eastern Training Area – North 8 

Eastern Training Area – South 7 

West Fort Hood – North West 2 

West Fort Hood – North East 3 

West Fort Hood – South 9 

North Fort Hood 1 
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Sampling locations in the Live Fire Area were not included within the scope of this inventory.  

While conducting the forage analysis, Fort Hood Range Control communicated that Training Area 50 and 

Training Area 51 were inaccessible during the study window due to troop activities in the area. Training 

Area 50 and Training Area 51 contained seven sampling locations that were moved into adjacent training 

areas in the Western Maneuver Area – North and the Western Maneuver Area – South GMUs. These 

GMUs had the same soil associations as the original point locations. The U.S. Department of Agriculture 

(USDA) Natural Resources Conservation Service (NRCS) Web Soil Survey was referenced to confirm 

that each sampling location was moved to an adjacent area that contained the same soil association. The 

coordinates for the sample locations evaluated are shown in Appendix A and the sample locations are 

plotted on the map in Appendix B.   

Cypress replicated the same procedure used for the 2005 vegetation survey conducted by CGRM at Texas 

A&M University (Appendix L). This included following procedures for double sampling contained in 

Chapter 4 of the USDA NRCS National Range and Pasture Handbook revised in 2003.  At each sampling 

location, GPS coordinates were recorded, and 10 0.25-sq. meter sampling plots were measured at a 5-

meter interval in a north direction from the GPS point. A double sampling procedure was used in which 

plants present within the plots were identified, harvested, and weighed in grams to determine appropriate 

weight units for each species. The weight units were then used at all plots to estimate the weight of each 

plant species (in grams) contained within each plot. At each sample location, weights for plants in all 10 

plots were estimated and then two plots were clipped, weighed, and recorded to serve as a basis for 

evaluating estimated weights. A photo was taken in each cardinal direction to show an average view of 

the vegetation at close range (approximately 5 feet above ground) at the first plot at each sampling 

location. Sampling location photos can be seen in Appendix N.  

B. Biomass Calculations 

Estimates for percent air dry material are based on USDA NRCS guidelines presented in the National 

Range and Pasture Handbook (Exhibit 4-2). Two plots at each sample location were clipped and bagged. 

The clipped vegetation samples were placed in a drying oven at 65º C for 72 hours to obtain a dry weight. 

A conversion factor (0.9109) based on a comparison of over 500 ‘air dry to oven dry’ plants was used to 

convert air dry estimated weights to oven dry weights. The conversion factor is the percent of air-dry 

weight that is oven dry weight. There was 8.91% moisture in the air-dry samples. Percent current growth 

estimates are based on knowledge of individual species growth habits in relation to the time of sampling. 

Weight in grams from the 0.25-sq. meter plots was corrected to pounds (lbs.) per acre. The average 

weight of the harvested plots from transects was used to derive a correlation coefficient for evaluating 

the accuracy of estimated weights. Based on the 2005 report, correction of the estimated data is not 

required if the r2 value is 0.8 or higher. The correlation coefficient was below 0.8 (r2=0.7927), therefore; 

each species was corrected based on the average percent difference between the harvested weight and 

estimated weight. Biomass calculations by species are presented in Appendix F and sampling location 

biomass calculations are presented in Appendix G.  
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III. Data Analysis 

A. Stocking Rates 

Biomass estimates were used to calculate a set of stocking rates for each GMU. The stocking rates 

presented in Appendix H are derived from four options for expressing animal units (AU) for the GMUs.  

All AU values are based solely on consumable vegetation identified in the survey.  An AU is considered 

an average forage requirement of 26 lbs. of dry matter (oven-dry) per day or 9490 lbs. of dry matter per 

year. The following are the four stocking rate options:  

1. Option 1 Harvest Efficiency: 25% of the available forage is consumed across the GMU. This is 

based on the premise that 50% of the forage present in a pasture shall be left ungrazed. Of the 

remaining 50%, cattle consume only 25% and drop about half (25 percent) of the grazed forage. 

This is based on the standard NRCS approach to determining amount of forage available for cattle. 

2. Option 2 Maintenance Threshold: Only the volume of forage in excess of 750 lbs. per acre would 

be available for grazing across the GMU.  

3. Option 3 Conservation Threshold: Only the volume of forage in excess of 1,000 lbs. per acre 

would be available for grazing across the GMU.  

4. Option 4 Combination Strategy:  Based on physical characteristics and use of the GMU using an 

approach where the most appropriate of the three thresholds above and the option to defer, if 

the ecological trend is predicted to be declining or erosion is predicted to be excessive, are 

assigned to specific areas within the GMU.  The specific strategy selected for each unit will be 

based on best management strategies considering the condition of the range, other land uses for 

the unit, and the potential for direct conflicts with training activities.    

According to the Performance Work Statement, a limit of 750 AUs was established in the Live Fire and 

Impact Areas to reduce live-fire training interruptions and delays. Based on the 2005 study, the AUs for 

the four options described above were calculated for each GMU not including the Live Fire Area using 

the following procedures.   

1. Option 1 Harvest Efficiency is the consumable biomass for the grazeable acres in each management 

unit using a 25% harvest efficiency expressed in AU. 

2. Option 2 Maintenance Threshold is based on 750 lbs. per acre threshold residue amount and was 

calculated based on the consumable biomass for the grazeable acres in each management unit. If 

forage was greater than 1,500 lbs. per acre, a 25% harvest efficiency was applied to determine the 

AU. If the forage was between 750 lbs. and 1,500 lbs. per acre, the threshold amount of 750 lbs. 

per acre was subtracted and a harvest efficiency of 50% was used on the remainder to determine 

the AU. If there were less than 750 lbs. per acre, 0 AU were determined. 

3. Option 3 Conservation Threshold is based on a 1,000 lbs. per acre threshold residue amount and 

was calculated based on the consumable biomass for the grazeable acres in each management unit. 

If the forage was greater than 2,000 lbs. per acre, 25% harvest efficiency was used to determine 

the AU. If the forage was between 1,500 and 2,000 lbs. per acre, the threshold amount of 1,000 

lbs. per acre was subtracted and 50% harvest efficiency was used on the remainder to determine 

the AU. If the forage was less than 1,000 lbs. per acre, 0 AU were determined. 
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4. Option 4 Combination Strategy where the stocking rates for each GMU are based the most 

appropriate of Option 1, Option 2, Option 3, and the option to defer if ecological trends are 

declining or erosion is predicted to be excessive. 

Appendix H presents the total animal units allowed per year for each grazing management unit under the 

four stocking options described above. The acres used in calculating animal unit values for each sampling 

location are based on the grazeable acres within the ecological site areas used in the 2005 report and are 

shown in Appendix E.  When more than one sampling location fell within the same ecological site, the 

data from the sampling locations were averaged together. When an ecological site did not contain a 

sampling location, the site was aggregated with another site based on soil type and habitat. Averaged 

sampling locations are listed at the end of Appendix E. 

B. Military Training Impact 

The impact of military training activity was analyzed using the methods documented in the 2005 report. 

The impact was estimated and incorporated using a training-related forage reduction factor. A forage 

reduction factor was calculated for each GMU using the Training Intensity Scale created for the 2005 

report. The Training Intensity Scale is GMU-specific and is based upon a comparison of military training 

utilization that occurred in Fiscal Year 2002 and ecological conditions observed during that same period.   

Training percent utilization was calculated using training schedule data for January through December 

2019 provided by Fort Hood Range Control. Annual utilization was determined by calculating an annual 

sum of individual days that at least a portion of a GMU was used for military training and then dividing by 

365 days.  

Training utilization was plotted on the Training Intensity Scale and a training-related forage reduction 

factor was determined for each GMU.  The forage reduction factor is the percentage by which the total 

volume of consumable forage in a GMU identified by the most recent forage inventory is reduced to 

account for vegetation loss due to military training. Forage reduction factors are assigned to a range of 

percent utilization for each GMU. Table 2 shows the Training Intensity Scale for each GMU and the 

percent utilization ranges assigned to each forage reduction factor.  

Table 2: Training Intensity Scale 

GMU 

10% Forage 

Reduction 

Factor 

15% Forage 

Reduction 

Factor 

30% Forage 

Reduction 

Factor 

40% Forage 

Reduction 

Factor 

Western Maneuver Area – South  0 – 22% 22 – 33% 33 – 44% 44 – 100% 

North Fort Hood 0 – 100% N/A N/A N/A 

Western Maneuver Area – North  0 – 20% 20 – 30% 30 – 40% 40 – 100% 

Eastern Training Area – North 0 – 57% 57 – 79% 79 – 100% N/A 

Eastern Training Area – South 0 – 45% 45 – 68% 68 – 90%  90 – 100% 

West Fort Hood – South  0 – 100% N/A N/A N/A 

West Fort Hood – North*  0 – 100% N/A N/A N/A 

*West Fort Hood – North includes training for West Fort Hood – North West and West Fort Hood – North East GMUs 
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C. Revised Universal Soil Loss Equation (RUSLE) 

The sediment yield for each sampling location was calculated using the Revised Universal Soil Loss Equation 

(RUSLE). The RUSLE estimates the average soil loss in tons per acre per year based upon the following 

factors:  

• R – rainfall-runoff erosivity factor 

• K – soil erodibility factor 

• L – slope-length factor 

• S – slope-steepness factor  

• C – cover management factor  

• P – support practice factor  

The RUSLE2 model and USDA NRCS’s Web Soil Survey were used to identify the R and K factors which 

are dependent on location, soil type, and climate. The LS factor was calculated based upon the slope 

steepness and slope length using Table 3 – Values of the topographic factor, LS, for specific combinations 

of slope length and steepness from the USDA Agriculture Handbook Number 537 (Appendix M). The P 

factor is equal to 1 as no contouring and/or stripcropping occurs within the GMUs. Vegetation parameters 

(biomass, fall height, litter, and canopy cover) were derived from field collected data for Total Perennial 

Biomass and Perennial Consumable Biomass during the July 2019 vegetation survey. The C factor for each 

site and management scenario was estimated using Table 10 – Factor C for permanent pasture, range, and 

idle land. Using Table 10, equations were created that use canopy cover, average fall height, and percent 

ground cover to estimate C. These equations are: 

Canopy cover of less than 25%, any average fall height: 

𝐶 = 0.00005 ∗ %𝐶𝑜𝑣𝑒𝑟2 − 0.0089 ∗ %𝐶𝑜𝑣𝑒𝑟 + 0.4317   Equation 1 

Canopy cover between 25% and 50%, average fall height less than 20 inches: 

𝐶 = 0.00004 ∗ %𝐶𝑜𝑣𝑒𝑟2 − 0.0067 ∗ %𝐶𝑜𝑣𝑒𝑟 + 0.3458   Equation 2 

Canopy cover between 50% and 75%, average fall height less than 20 inches: 

𝐶 = 0.00002 ∗ %𝐶𝑜𝑣𝑒𝑟2 − 0.0042 ∗ %𝐶𝑜𝑣𝑒𝑟 + 0.2513   Equation 3 

Additional equations were not created as none of the site scenarios fell outside of the parameters listed 

above. 

To calculate the percent ground cover (%Cover), RUSLE2’s ‘Management’ template was used with the 

following assumptions: 

• Operation: graze, rotational 

• Vegetation: bluestem, old world, established, regrowth after grazing or hay 

 

Additionally, for each sampling location deductions were made in consumable biomass using the 

corresponding forage reduction factor presented in Table 3. The consumable perennial biomass was not 

included in the residual biomass number used to calculate the percent cover. 

Using these assumptions, the cover material added in lbs. per acre (the “res Biomass” numbers in 

Appendix I) was converted into a percent ground cover. Based upon data points from the 2005 data, the 

following equation was created to estimate additional ground cover using residual mass: 
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𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐶𝑜𝑣𝑒𝑟 % = 0.0523 ∗ 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 (
𝑙𝑏

𝑎𝑐
) + 0.183   Equation 4 

The total percent cover for each sampling location was calculated using the following: 

%𝐶𝑜𝑣𝑒𝑟 = 𝑅𝑜𝑐𝑘% + 𝐿𝑖𝑡𝑡𝑒𝑟% + 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐶𝑜𝑣𝑒𝑟 %    Equation 5 

The results from this equation were then input into Equations 5, 6, or 7 for each sampling location 

depending upon the scenarios and inputs in Appendix I. 

Using this to find the C factor, the following RUSLE Equation was used: 

𝐴 = 𝑅 ∗ 𝐾 ∗ 𝐿𝑆 ∗ 𝐶 ∗ 𝑃        Equation 6 

Where A is the sediment erosion in tons per acre per year. 

Input parameters for the RUSLE equation and output sediment yield by GMU can be seen in Appendix I 

and Appendix K, respectively. 

To determine weighted averages of erosion for each GMU, the erosion sediment yield as produced by 

RUSLE was assigned to the ecological sites in the same way biomass was assigned for the stocking option 

calculations. The sediment yield across ecological sites was then averaged within the associated GMU 

using the acres of the ecological site as a weighting factor. Therefore, the erosion estimates were weighted 

according to the area they represent within the GMU. 

The T values (acceptable soil loss in tons/acre) obtained from RUSLE2 were weighted in the same way 

within GMU. The erosion estimates can then be compared to the weighted T values to determine 

significance of erosion. If the weighted average of the erosion estimate for a GMU is greater than the 

weighted average for the T value within a GMU, then erosion is occurring at a rate that is greater than 

acceptable. If the weighted average of the erosion estimate for a GMU is less than the weighted average 

for the T value within a GMU, then erosion loss could be considered acceptable. 

Weighted averages were determined for the 25% Harvest Efficiency, the Maintenance Threshold, and the 

Conservation Threshold scenarios using the grazeable acres as the weighting factor. The number of acres 

in each GMU are listed in Appendix D. 

IV. Results 
The results of the military training impact analysis and erosion analysis are presented before the stocking 

option calculations because they inform the Option 4 Combination Strategy stocking results.  

A. Military Training Impact 

The percent utilization based on the 2019 training schedule was highest in the Western Maneuver Area – 

North GMU with a utilization of 43.24% which resulted in a forage reduction factor of 40%. All GMUs 

had training utilization rates over 20%. Table 3 shows the training utilization rates and forage reduction 

factors for each GMU. 
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Table 3: Percent training utilization and training-related forage reduction factor for each GMU 

GMU 
% Training 

Utilization 

Forage Reduction 

Factor 

Western Maneuver Area – South 22.61% 15% 

North Fort Hood N/A* 10% 

Western Maneuver Area – North 43.24% 40% 

Eastern Training Area – North 23.97% 10% 

Eastern Training Area – South   23.42% 10% 

West Fort Hood – South 34.11% 10% 

West Fort Hood – North** 23.97% 10% 

*Based on the Training Intensity Scale North Fort Hood has a reduction factor of 10 for the entire 

range of percent utilization 
**West Fort Hood – North includes training for West Fort Hood – North West and West Fort 
Hood – North East GMUs 

B. Erosion Analysis 

The calculated sediment yield rates are presented in Appendix J and acceptable soil loss rates are 

presented in Appendix K. The calculated sediment yield rates for all stocking options across all GMUs did 

not exceed the corresponding calculated acceptable soil loss rates in any case. Therefore, erosion rates 

across the GMUs are not estimated to be excessive and will not require deferred grazing. 

C. Stocking Options 

The calculated stocking rates for each stocking option are presented in Appendix H.  

1. Option 1 25% Harvest Efficiency  

The total number of AUs for the 25% Harvest Efficiency stocking rate was 2,336.7. The Western Maneuver 

Area – North had the highest stocking rate of 748.6 AUs and North Fort Hood had the lowest stocking 

rate of 9 AUs.  

2. Option 2 Maintenance Threshold 

The total number of AUs for the Maintenance Threshold stocking rate was 1,350.7. The Western 

Maneuver Area – North had the highest stocking rate of 277.6 AUs, West Fort Hood – North East had 

the lowest stocking rate of 2.7 AUs, and North Fort Hood didn’t contain enough consumable biomass to 

support stocking any animals while ensuring 750 lbs. per acre of residual biomass.  

3. Option 3 Conservation Threshold  

The total number of AUs for the Conservation Threshold stocking rate was 1,010.8. The Western 

Maneuver Area – South had the highest stocking rate of 94.7 AUs, West Fort Hood – North West had 

the lowest stocking rate of 2.5 AUs, and North Fort Hood and West Fort Hood – North East did not 

contain enough consumable biomass to support stocking any animals while ensuring 1000 lbs. per acre of 

residual biomass.  
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4. Option 4 Combination Stocking Strategy 

The Combination Stocking Strategy is selected from the three previous stocking options taking into 

consideration the erosion analysis and impact of military training. Table 4 shows the results of the three 

previous stocking options.  

Table 4: Stocking results for Option 1, Option 2, and Option 3 

The selected Combination Strategy stocking options are shown in Table 5. The total number of AUs for 

the Combination Strategy stocking rate was 1,543. The Eastern Training Area – South had the highest 

stocking rate of 119.8 AUs and North Fort Hood had the lowest stocking rate of 9 AUs. As stated 

previously, according to the Performance Work Statement, a limit of 750 AUs was established in the Live 

Fire and Impact Area to reduce live-fire training interruptions and delays. 

Table 5: Option 4 Combination Strategy stocking results 

GMU Option 4 Animal Units 

Western Maneuver Area - South Maintenance Threshold 106.8 

North Fort Hood 25% Harvest Efficiency 9 

Western Maneuver Area - North Conservation Threshold 84.9 

Eastern Training Area – North 25% Harvest Efficiency 293 

Eastern Training Area – South 25% Harvest Efficiency 119.8 

West Fort Hood – South 25% Harvest Efficiency 100.6 

West Fort Hood – North West 25% Harvest Efficiency 67.1 

West Fort Hood – North East 25% Harvest Efficiency 11.8 

Live Fire Area N/A 750 

Total 1543 

GMU 

Option 1 25% 

Harvest Efficiency 

(AU) 

Option 2 

Maintenance 

Threshold (AU) 

Option 3 

Conservation 

Threshold (AU) 

Western Maneuver Area - South 236.8 106.8 94.7 

North Fort Hood 9 0 0 

Western Maneuver Area - North 748.6 277.6 84.9 

Eastern Training Area – North 293 105.1 43.2 

Eastern Training Area – South 119.8 41.4 27 

West Fort Hood – South 100.6 29.6 8.5 

West Fort Hood – North West 67.1 37.4 2.5 

West Fort Hood – North East 11.8 2.7 0 

Total 1586.7 600.7 260.8 
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V. Discussion 
The recommended stocking rates calculated by the process described in this report are shown in 

Appendix H. Generally, the results showed similar stocking rate, erosion rate, and stocking option 

outcomes when compared to the 2005 analysis. The total animal units calculated for all GMUs is 1,543 in 

2019 which is 98.5 animal units higher than the total in 2005. The 2005 report noted lower biomass 

readings due to drought conditions. Climate conditions during the 2019 survey were normal; therefore, 

an increase in animal units is reasonable. 

The NRCS commonly uses the 25% Harvest Efficiency stocking rate as the standard method to determine 

stocking rates on privately-owned rangeland. This method only considers livestock grazing as a consumer 

of forage; it does not take into account vegetation loss from other activities such as military training or 

ecological conditions. This method does not establish a minimum amount of vegetation that should be left 

to protect rangeland from natural (drought, flood, or wildfire) or anthropogenic (military training) impacts. 

Implementing this approach on rangeland would require rotational grazing methods which allow pastures 

periods of rest from grazing and other disturbance. North Fort Hood, Western Maneuver Area – North, 

Eastern Training Area – North, Eastern Training Area – South, West Fort Hood – South, West Fort Hood 

– North West, and West Fort Hood – North East have low military training impacts and therefore low 

forage reduction factors (≤10%) and are candidates for the Harvest Efficiency stocking rate. If ecological 

conditions decline and/or military training impacts increase, then the Harvest Efficiency stocking rate 

should be reevaluated.   

The Texas Cooperative Extension Service states that the optimal amount of ungrazed forage for midgrass 

rangeland should range from 750 to 1,000 lbs. per acre. Leaving this amount of forage promotes 

maintenance or possible gradual improvement of rangeland health. Selection of a maintenance threshold 

of 750 lbs. of ungrazed forage per acre aims to maintain current rangeland health conditions and to reduce 

erosion. Western Maneuver Area – South has a moderate forage reduction factor (15% - 30%) and is a 

candidate for the Maintenance Threshold stocking rate. If ecological conditions and/or military training 

impacts change, then the stocking rate should be reevaluated and changed accordingly.  

Similar to the Maintenance Threshold approach, the Conservation Threshold strategy retains a greater 

amount of ungrazed forage of 1000 lbs. to promote an increased rate of rangeland recovery and decrease 

soil erosion. Western Maneuver Area – North has the greatest forage reduction factor (≥40%) and is a 

candidate for the Conservation Threshold stocking rate. If ecological conditions and/or military training 

impacts change, then the stocking rate should be reevaluated and changed accordingly.  

There were a few notable differences between the 2005 and 2019 stocking rates. The differences in 

stocking rates when compared to the 2005 results for the Eastern Training Area – North and the Western 

Maneuver Area – North GMUs were investigated and determined to be a result of the change in the 

number of sampling locations measured in 2005 (131) compared to 2019 (70). In order to account for the 

decrease in sampling locations, ecological site areas were aggregated by soil type and habitat type to ensure 

all grazeable acres were represented in the analysis. Aggregating areas led to an increase in size of some 

ecological sites. Due to the 2005 analysis methodology, this change in ecological site size was unavoidable 

and impacted stocking rates. However, overall stocking rates are generally similar for 2005 and 2019. 

The Combination Strategy stocking options selected for the GMUs are consistent with the final stocking 

options selected for the GMUs in 2005 except for the Eastern Training Area – North GMU. The Eastern 

Training Area – North GMU Combination Strategy stocking option was determined as Harvest Efficiency 

and in 2005 it was determined as Maintenance Threshold. This change is attributed to a decrease in the 
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impact of military training activities on forage availability in the Eastern Training Area – North GMU when 

comparing the 2005 training activities and the 2019 training activities.  

Overall, the findings of this report represent conditions at the time of the field data collections. Conditions 

may change based on changes in training, rainfall patterns, or wildfires. A biannual or annual survey 

completed in the same seasons would generate information about forage trends and enable more adaptive 

management.    
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Table 2.6. Geographic coordinates for surveyed sample locations. The coordinates are in Geographic 

Coordinate System, WGS 1984 datum. 

Sample Location ID Latitude Longitude 

1 31.25336913 -97.87998329 

2 31.38169982 -97.77650969 

3 31.27442205 -97.63427603 

4 31.23742193 -97.60608201 

5 31.17957831 -97.63382421 

6 31.17528905 -97.54423242 

7 31.13181327 -97.61296587 

8 31.1249206 -97.55568198 

9 31.07276616 -97.87563933 

10 31.05198301 -97.83453301 

11 31.05280662 -97.79607393 

12 31.02394104 -97.76329001 

13 31.35423033 -97.6625419 

14 31.25950467 -97.61373592 

15 31.19451107 -97.52795417 

16 31.15529069 -97.7206682 

17 31.13090278 -97.65874817 

18 31.32280688 -97.81068756 

19 31.21802259 -97.55790322 

20 31.16087098 -97.68364272 

21 31.36452851 -97.76439326 

22 31.38547245 -97.77692869 

23 31.36455597 -97.8096004 

24 31.34169081 -97.80151212 

25 31.32638746 -97.78147652 

26 31.33001952 -97.76043811 

27 31.31670851 -97.83658993 

28 31.31403491 -97.86863037 

29 31.27750763 -97.83323929 

30 31.19880609 -97.8734429 

31 31.29992682 -97.84119125 

32 31.26208551 -97.90204919 

33 31.2193483 -97.86517066 

34 31.2161913 -97.90613256 

35 31.19386622 -97.89434712 

36 31.15236251 -97.90398161 

37 31.17005448 -97.8599366 

38 31.14682482 -97.87917367 

39 31.1556198 -97.83905925 



 

 

Sample Location ID Latitude Longitude 

40 31.16547581 -97.82458547 

41 31.18667956 -97.83893714 

42 31.22938435 -97.81702546 

43 31.11963216 -97.82552527 

44 31.10431736 -97.85976584 

45 31.11862269 -97.85857612 

46 31.02396357 -97.83112663 

47 31.0370225 -97.79423414 

48 31.20514871 -97.82666892 

49 31.28069767 -97.84170106 

50 31.29667846 -97.85066699 

51 31.37694888 -97.7999325 

52 31.19745506 -97.84213156 

53 31.20835818 -97.86941832 

54 31.14297805 -97.8491 

55 31.08782726 -97.8224657 

56 31.05162416 -97.81245947 

57 31.0321292 -97.83895733 

58 31.02841219 -97.79803176 

59 31.16965141 -97.90254843 

60 31.28520037 -97.82669833 

61 31.36628167 -97.73270287 

62 31.31176058 -97.8477908 

63 31.31618553 -97.78837071 

64 31.21555858 -97.83748705 

65 31.19556152 -97.8682175 

66 31.16290829 -97.66505608 

67 31.2178618 -97.58637589 

68 31.25704237 -97.6019312 

69 31.09695965 -97.83806106 

70 31.27506983 -97.84127896 
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Table 2.9.  Number of acres by Grazing Management Unit 

Grazing Management Unit 
Total 

Acres 

Bare Ground + Water + 

Developed Acres 

Grazeable 

Acres 

Western Maneuver Area - South 32108.86 2176.96 29931.90 

North Fort Hood 3798.60 111.82 3686.78 

Western Maneuver Area - North 35045.37 1624.85 33420.52 

Eastern Training Area – North 29182.15 436.79 28745.36 

Eastern Training Area – South 22614.65 1027.21 21587.44 

West Fort Hood – South 9363.16 357.97 9005.19 

West Fort Hood – North West 2388.37 72.69 2315.68 

West Fort Hood – North East 1468.42 98.17 1370.25 

Total 135969.60 5906.46 130063.1 

The bare ground/water/developed layer assembled for the Grazing Environmental 

Assessment was used to subtract these areas from the total acreage in the Grazing 

Management Unit map supplied by Tim Buchanan.  
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Table 2.10. Table showing total acres of each sampling location with an adjusted value of 

grazeable acres. 

Sample 

Location 
Total Acres Exclusion Acres Grazeable Acres 

   

1 3248.21 73.49 3174.72    

2 4131.90 76.36 4055.54    

3 2305.07 53.70 2251.37    

4 3437.82 118.54 3319.27    

5 2005.71 187.04 1818.67    

6 849.34 7.18 842.16    

7 2107.46 48.64 2058.81    

8 961.73 166.31 795.42    

9 162.73 0.99 161.73    

10 2358.09 86.36 2271.73    

11 353.72 40.06 313.66    

12 1666.26 28.71 1637.55    

13 3798.60 111.82 3686.78    

14 2204.05 40.26 2163.79    

15 7720.66 21.56 7699.10    

16 1456.35 222.55 1233.80    

17 554.73 24.28 530.45    

18 602.96 15.07 587.89    

19 1254.49 31.92 1222.57    

20 14045.77 371.41 13674.36    

21 3331.23 130.69 3200.54    

23 673.17 38.80 634.37    

24 2202.17 92.17 2110.00    

27 6388.40 103.77 6284.63    

28 3351.35 178.05 3173.30    

29 886.60 153.81 732.78    

30 2016.84 285.92 1730.92    

31 1336.11 151.82 1184.29    

32 217.50 1.56 215.94    

33 6146.27 440.75 5705.52    

35 5432.08 223.83 5208.25    

36 519.13 23.12 496.01    

37 3569.42 328.18 3241.24    

38 846.14 130.62 715.51    

39 2358.58 512.27 1846.31    

40 5990.76 309.68 5681.08    

42 3870.15 165.57 3704.58    



 

 

Sample 
Location 

Total Acres Exclusion Acres Grazeable Acres 
   

44 1662.38 44.16 1618.23    

45 905.34 70.91 834.43    

46 834.70 41.14 793.56    

47 541.25 14.85 526.40    

55 647.00 46.12 600.88    

56 447.56 14.75 432.81    

57 1700.23 101.08 1599.15    

58 1769.64 59.03 1710.62    

61 2133.69 135.44 1998.24    

63 8054.91 263.38 7791.53    

66 779.95 7.19 772.76    

67 9242.25 150.88 9091.37    

68 2172.53 13.01 2159.51    

69 199.38 1.71 197.66                  
*The acreage for the sites in the column on the right  were re-assigned to 

the sites in the column on the left    
       

Site Name  Combined Sites    

2  2, 22, 51     

24  24, 25, 26     

28  28, 49, 50     

29  29, 70     

30  30, 48, 60     

31  31, 62     

33  33, 34, 52, 53, 64, 65    

35  35, 41, 59     

39  39, 54            

Grazing Management Unit Abbreviations 
   

WMAS Western Maneuver Area - South 
   

NORTH North Fort Hood 
   

WMAN Western Maneuver Area - North 
   

ETAN Eastern Training Area – North 
   

ETAS Eastern Training Area – South 
   

WS West Fort Hood – South 
   

WNW West Fort Hood – North West 
   

WNE West Fort Hood – North East 
   

 



APPENDIX F 



Table 2.11. Vgetation survey data and per acre biomass calcuations for consumable and non-consumable plant material

Sample 

Location
Species Scientific Name Category Percent Current Growth

Percent Air Dry 

Matter

Percent 

Ungrazed

Percent Normal 

Production
Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 Plot 10

Biomass

(lbs per acre)

1 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 1.05 0 0 0 0 0 1.52

1 Aristida purpurea cpg 0.7 0.6 1 0.9 2.008 0 0.502 0.251 1.255 0.502 0 0 0.753 2.008 22.51

1 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 0.98 1.96 7.95

1 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 0 0.332 0 0 0 0 0 0 1.03

1 Castilleja campestris ncpf 1 0.65 1 0.9 0 0 0 0.24 0 0 0 0 0 0 0.56

1 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 0.7 0 0 0 1.12

1 Evax prolifera ncaf 1 0.9 1 0.9 0 0 0 0.1 0 0 0 0 0 0 0.32

1 Glandularia bipinnatifida ncpf 0.8 0.5 1 0.9 0 0 0 0 0 0.5 0.5 0 0 0 2.25

1 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 1.003 0 3.009 0 0 0 0 0 0 0 6.03

1 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0.756 0 0 2.52 0 0 0 0.756 2.52 9.45

1 Iva angustifolia ncaf 0.35 0.15 1 0.9 9.5 0 0 0 1.52 0.38 0.76 0 0 0.38 19.39

1 Linum berlandieri ncpf 1 0.4 1 0.9 0 0 0 0 0 0 0 0 0 0.151 0.22

1 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 0 0 0 0 0 0 0.3 0 0 0.35

1 Sida spp. ncpf 0.81 0.2 1 0.9 0.705 0.235 0 0.47 0.94 0.705 0.47 0.235 0 0.705 3.98

2 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 30.78 0 0 0 11.97 0 0 0 0 77.10

2 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 0 116.4 0 279.92

2 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 35.28 66.64 0 0 0 0 0 275.73

2 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 13.28 0 0 0 0 0 0 0 0 41.06

2 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 2.2 3.3 0 13.23

2 Dichanthium aristatum cpg 0.75 0.6 1 0.9 0 0 46.75 0 0 17.85 78.2 0 0 0 412.08

2 Diodia virginiana ncaf 0.9 0.4 1 0.9 5.25 8.75 0 22.75 0 0 0 17.5 0 45.5 159.92

2 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 6.51 39.06 0 0 0 0 0 0 0 0 65.75

2 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0 0 0 0 0 0 4.72 0 5.31 23.34

2 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 17.1 0 0 0 0 0 0 0 0 26.44

2 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 1.67 0 0 0 0 0 0 0 0 1.92

2 Nassella leucotricha cpg 0.85 0.7 1 0.9 40.53 0 0 0 0 0 0 32.81 0 30.88 309.60

3 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 1.71 0 87.21 0 70.11 286.82

3 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 42.68 42.68 85.36 85.36 128.04 0 73.72 11.64 116.4 34.92 1492.88

3 Bothriochloa laguroides cpg 0.6 0.4 1 0.9 0 0 0 0 0 11.64 0 0 0 0 27.99

3 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 11.76 13.72 0 0 0 0 0 0 0 0 68.93

3 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 3.3 0 0 0 0 7.94

3 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 5.25 0 0 14 0 0 0 0 0 30.86

3 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 0 30.09 0 0 0 40.12 105.52

3 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 0 0 10.02 11.54

4 Aristida purpurea cpg 0.7 0.6 1 0.9 0.502 0 1.004 0 0 0 0 0.502 0 0 6.21

4 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 7.76 3.88 0 1.164 19.4 7.76 0 0.776 0 19.4 144.62

4 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 1.96 0 0 0 1.96 0 10.61

4 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0 0.835 0.501 0 0.334 0.334 0.835 0 5.69

4 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0.33 0 0 0.55 2.12

4 Digitalis purpurea ncaf 0.9 0.4 1 0.9 0 2 0 0 0 0 0 0 0 0 3.21

4 Diodia virginiana ncaf 0.9 0.4 1 0.9 0.35 0 0.35 0.525 0 0 0 0 0 0 1.96

4 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 0 0 0 0 0 34.1 0 105.43

4 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 0 0 0 0 0 10.03 15.07

4 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0.57 0 0 0 0.88

4 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 0 0.3 0.3 0 0 0 0 0 0 0.70

4 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 1.67 0 0 0 0 0 1.92

4 Panicum virgatum cpg 0.55 0.4 1 0.9 0 0 0 0 0 0 1.105 0 0 0 2.90

4 Phyla nodiflora cpf 0.84 0.2 1 0.9 0 0 0.658 0 0 0 0 0 0 0 0.57

4 Ratibida columnifera ncpf 0.99 0.5 1 0.9 0 0 0 0 0 2.2 0.22 22 0 0 44.49

4 Salvia texana ncpf 1 0.6 1 0.9 2.0025 0 0 0.534 0 0 0 0 0 0 5.49

4 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0.235 0 0 0 0 0 0 0.21

4 Solanum xanti ncpf 0.97 0.6 1 0.9 0 0 0 0 0 0 1.5 0 0 0 3.35

4 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 2.065 0 0 0 0 0 7.45

4 Tetraneuris scaposa ncpf 1 0.4 1 0.9 3 0 0 0 0 0 0 0 0 0 4.33

5 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 10.2 0 0 0 0 0 0 0 16.00

5 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 7.76 0 7.76 3.88 1.94 1.164 3.88 63.45

5 Croton texensis ncaf 0.3 0.2 1 0.9 0 1.1 0 0.33 0 0 0.22 0 0 0 3.97

5 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0.875 0 0 0 0 0 0 0 1.40

5 Glandularia bipinnatifida ncpf 0.8 0.5 1 0.9 0 0 0 0 0 0 0.5 0 0 0 1.13

5 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 0 0 5.015 0 10.03 20.06 52.76



5 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 0 0 0 0 2.52 0 3.64

5 Iva angustifolia ncaf 0.35 0.15 1 0.9 9.5 0 0 0.57 0 0 0 0 0.95 0 17.04

5 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 6.58 0 0 0 0 0 0 12.49

5 Mimosa microphylla cpf 0.94 0.3 1 0.9 0.501 0 0.501 0.835 1.67 0 0.835 0 0.501 0.167 5.77

5 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 3.86 0 0 0 0.193 0.965 0.579 0 16.63

5 Ratibida columnifera ncpf 0.99 0.5 1 0.9 0 0 0 0 0 0 0.55 0 0 0 1.00

5 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0 0 0 0 0 0 0.5 0 0 0.90

5 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0.826 2.065 0 0 0 0 0 0 0 0 10.43

6 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 25.65 0 0 35.91 22.23 0 13.68 0 175.80

6 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 65.96 50.44 34.92 58.2 69.84 46.56 31.04 15.52 42.68 27.16 1063.68

6 Croton texensis ncaf 0.3 0.2 1 0.9 1.1 0 0 1.1 0 0 0 0 0 0 5.29

6 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 6.82 0 0 0 6.82 0 0 42.17

6 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 160.48 0 0 30.09 120.36 20.06 20.06 0 0 20.06 557.77

6 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 15.12 0 0 0 0 0 0 0 0 0 21.82

6 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 1.96 2.94 0 0 0 0 0 0 1.96 15.15

6 Phyla nodiflora cpf 0.84 0.2 1 0.9 0 0 0 0 0 0 0 16.45 19.74 0 31.08

6 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0 0 8.26 0 0 0 29.80

7 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 3.4 6.8 0 0 0 0 0 0 16.00

7 Aristida purpurea cpg 0.7 0.6 1 0.9 7.53 0.753 0 0 0 0 0 0 1.255 0 29.49

7 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 1.164 0 11.64 0 0 2.328 36.39

7 Buchloe dactyloides cpg 0.7 0.6 1 0.9 1.66 0.996 3.32 3.32 4.98 3.32 0 3.32 1.66 0.996 72.88

7 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0.33 0 0.22 0 0 0 0.33 2.12

7 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 100.3 0 0 10.03 0 0 165.82

7 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 0 2.52 0 7.56 15.12 2.52 40.00

7 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0.501 5.01 0 0 0.835 0 0 7.31

7 Ratibida columnifera ncpf 0.99 0.5 1 0.9 0 0 0 0 0 5.5 0 0 0 0 10.02

7 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0.47 0 0.705 0.47 0 0 1.175 0 2.51

7 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 4.13 0 0 0 0 0 14.90

8 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 1.7 6.8 3.4 10.2 6.8 45.32

8 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 31.04 0 0 2.716 11.64 2.91 3.88 0 0 0 125.50

8 Croton texensis ncaf 0.3 0.2 1 0.9 0 1.1 0.33 0 0.22 0 0 0.33 0.55 0.55 7.41

8 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0.875 0.7 0 0.35 0 0 0 0 0 3.09

8 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 0 0 1.705 0 0 0 0 5.27

8 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0 0 0 0 0 0 0 1.77 0 4.12

8 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 10.03 0 0 0 3.009 5.015 0 50.15 0 102.51

8 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 0 2.52 0 0 0 0 3.64

8 Indigofera miniata cpf 1 0.3 1 0.9 0 0 0.2 0 0 0 0 0 0 0 0.22

8 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 1.67 0.501 0 0.835 0 3.46

8 Oenothera speciosa ncpf 0.98 0.4 1 0.9 0 0 0 0 0 0 1.23 0 0 0 1.81

8 Phyla nodiflora cpf 0.84 0.2 1 0.9 0 0 2.303 0.987 1.645 16.45 0 3.29 0 1.645 22.60

8 Ratibida columnifera ncpf 0.99 0.5 1 0.9 0 0 0 0.33 0 0 0 0 0 3.3 6.61

8 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0 0 0 0 0 0 0.5 0 0 0.90

8 Sida spp. ncpf 0.81 0.2 1 0.9 0 0.705 0 0 0 0 0 0 0 0 0.63

8 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 4.13 4.13 4.13 4.13 4.13 0 0 0 8.26 104.28

9 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 0 0 23.8 6.8 6.8 58.66

9 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 1.05 0 0 1.05 0 0 3.03

9 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 11.76 3.92 2.94 1.96 9.8 11.76 5.88 3.92 0 0 140.52

9 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0 0.15 0 0 0 0 0 0 0 0.27

9 Convolvulus equitans cpf 0.96 0.45 1 0.9 10.98 2.745 0 0 0 0 0 0 0 0 23.21

9 Croton texensis ncaf 0.3 0.2 1 0.9 0 0.33 0 0 0 0 0 0 0 0 0.79

9 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0.525 0 0 0 0 2.625 1.75 0 0 7.86

9 Liatris punctata ncpf 0.38 0.2 1 0.9 26.32 0 0 0 0 0 0 32.9 0 0 112.43

9 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 3.34 0 0 0.835 3.34 0 0 0 0 8.65

9 Oenothera speciosa ncpf 0.98 0.4 1 0.9 0 0 0 0 0 0 0 0 7.38 0 10.87

9 Rhus lanceolata ncpf 0.2 0.35 1 0.9 0 0 0 0 0 0 0 0 15 0 94.69

9 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 12.78 12.78 6.39 7.455 14.91 2.13 10.65 2.13 4.26 21.3 186.49

9 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 1.175 1.175 0 0 2.09

10 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 0 0 1.05 0 0 0 1.52

10 Aristida purpurea cpg 0.7 0.6 1 0.9 2.51 2.51 2.51 0 0 0.251 0 0.502 0 0 25.61

10 Bouteloua harista cpg 0.6 0.45 1 0.9 0 0 2.865 0.955 0 0 1.91 0 1.91 0 20.67

10 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 2.175 0 0 0 1.45 0 0.725 14.12

10 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 1.225 0 0.175 0 2.24

10 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 0 0 3.34 3.85

10 Panicum hallii cpg 0.6 0.4 1 0.9 0 0 0 0 11.05 0 0 0 0 0 26.57



10 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 6.39 10.65 0 0 0 0 0 0 0 0 33.53

11 Aristida purpurea cpg 0.7 0.6 1 0.9 0 0 0 0 0 0 10.04 0 0 10.04 62.08

11 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 23.28 0 34.92 46.56 15.52 27.16 0 0 0 0 354.56

11 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0 1.45 5.8 0 23.54

11 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 0 0 5.7 8.81

11 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 3.34 0 0 0 0 0 0 3.85

11 Panicum virgatum cpg 0.55 0.4 1 0.9 0 0 0 0 0 0 0 6.63 0 0 17.39

11 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0 0 0 0 0 0 3 0 0 5.41

11 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 14.91 27.69 12.78 2.13 34.08 29.82 6.39 17.04 25.56 14.91 364.61

11 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0.235 0 0 0 0 0 0 0.21

12 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 0 0.21 0 0 0 0 0.30

12 Aristida purpurea cpg 0.7 0.6 1 0.9 0 0 0 0 2.51 0 0 5.02 0 0 23.28

12 Bouteloua harista cpg 0.6 0.45 1 0.9 0 7.64 3.82 1.91 0 0 0 0 0 0 36.17

12 Carex charokeensis cpg 0.5 0.45 1 0.9 4.35 0 0 0 0.725 0 0 0 0 0 16.48

12 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0 0 0 0.03 0 0 0.75 0 0 1.41

12 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 0 1.1 0 2.65

12 Diodia virginiana ncaf 0.9 0.4 1 0.9 1.75 0 0 0 0 0 3.5 5.25 0 3.5 22.44

12 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 0 0 1.9 2.94

12 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 0 0 0 0 5.34 1.335 14.45

12 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 21.3 4.26 10.65 10.65 10.65 4.26 10.65 12.78 0 0 167.63

13 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 27.16 0 0.776 0.776 0.776 0 1.94 0.388 0.776 0.776 80.24

13 Croton capitatus ncaf 0.3 0.2 1 0.9 0 0 0 0 0 5.5 3.3 5.5 2.2 4.4 50.26

13 Croton texensis ncaf 0.3 0.2 1 0.9 3.3 3.3 3.3 0 0 0 0 0 1.65 0 27.78

13 Cynodon dactylon cpg 0.55 0.5 1 0.9 0 0 0 3 0 0.2 0 0.5 0 0 12.13

13 Evax prolifera ncaf 1 0.9 1 0.9 0 0 0 0 0 0 0 0 0 0.2 0.65

13 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 0 0 0 0.47 0.42

13 Solanum xanti ncpf 0.97 0.6 1 0.9 0 6 0.5 0 0 2 0 0 0 0.3 19.63

13 Verbena goodmanii ncpf 0.8 0.4 1 0.9 0 0 0 0 0 0 0.2 0 1 1 3.97

14 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 8.55 0 0 0 0 0 0 0 0 15.42

14 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 38.8 62.08 58.2 0 50.44 46.56 62.08 69.84 62.08 1082.34

14 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0.15 0 0 0 0 0 0.3 0 0 0.81

14 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 5.25 5.25 7 0 0 0 0 0 3.5 33.67

14 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 27.28 0 0 0 0 0 0 0 6.82 105.43

14 Glandularia bipinnatifida ncpf 0.8 0.5 1 0.9 0 0 0 0 0 0 0 0 0 10 22.54

14 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 9.5 0 0 0 0 0 0 0 0 14.69

14 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 0.835 0 0 0.96

14 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 0 0 0 4.9 2.94 0 0 0 17.31

15 Aristida purpurea cpg 0.7 0.6 1 0.9 20.08 0.753 0.753 0 0 0 0 0 5.02 0 82.26

15 Carex pseudocyperus cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0 0 0.725 0 2.35

15 Chloris verticillata cpg 0.55 0.6 1 0.9 0 0 0 0 0.5 0 0 0 0 0 1.97

15 Croton texensis ncaf 0.3 0.2 1 0.9 0.33 0.22 1.1 1.1 0.88 0.22 2.2 2.2 1.1 0 22.48

15 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0.255 0 0 0 0.83

15 Eragrostis spectabilis cpg 0.6 0.45 1 0.9 0 0 0 1 0 0 0 0 0 0 2.71

15 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 100.3 0 0 0 5.015 0 0 158.29

15 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 2.52 0 0 0 0 0 0 0 0 0 3.64

15 Opuntia engelmannii ncpf 0.2 0.1 1 0.9 0 1 0 0 0 3 0 0 0 0 7.21

15 Panicum hallii cpg 0.6 0.4 1 0.9 0 0 0 0 6.63 0 0 0.663 0 0 17.54

15 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 6.195 0 0 0 0 0 22.35

16 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 10.2 0 0 0 0 0 16.00

16 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 0 15.52 0 37.32

16 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 41.16 13.72 0 0 0 15.68 0 0 0 0 190.89

16 Carex charokeensis cpg 0.5 0.45 1 0.9 0 5.8 0 0 4.35 0 0 0 0 0 32.95

16 Croton texensis ncaf 0.3 0.2 1 0.9 0 2.2 0 0 0 0 0 0 2.2 0 10.58

16 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 0 0 10.5 0 16.83

16 Elymus virginicus cpg 0.95 0.6 1 0.9 0 0 0 9 0 0 0 0 0 0 20.50

16 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 13.64 0 37.51 0 57.97 0 0 0 10.23 17.05 421.73

16 Helianthus maximiliani cpf 0.35 0.2 1 0.9 0 13 0 0 0 11 12 0 5 0 84.51

16 Iva annua ncaf 0.35 0.15 1 0.9 148.2 5.7 104.5 180.5 39.9 20.9 3.8 228 17.1 7.6 1169.03

16 Mimosa microphylla cpf 0.94 0.3 1 0.9 18.37 0 3.34 11.69 1.67 5.01 11.69 10.02 0 11.69 84.59

16 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 32.81 0 19.3 9.65 15.44 7.72 0 0 252.26

16 Panicum virgatum cpg 0.55 0.4 1 0.9 0 11.05 13.26 39.78 0 46.41 0 0 0 130.39 631.95

16 Phyla nodiflora cpf 0.84 0.2 1 0.9 26.32 0 0 0 13.16 6.58 0 0 3.29 13.16 53.69

16 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 14.8 14.8 0 0 0 66.6 0 0 0 154.23

17 Asclepias sp ncpf 0.87 0.4 1 0.9 0 0 0 0 0 0 11 0 0 0 18.24



17 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 54.32 58.2 143.56 124.16 11.64 54.32 19.4 54.32 108.64 46.56 1623.51

17 Croton texensis ncaf 0.3 0.2 1 0.9 0 2.2 0 2.2 0 0 0.55 0 0 0 11.90

17 Desmanthus illinoensis cpf 0.7 0.3 1 0.9 0 0 0 0 0 0 2.4 0 1.2 0 5.57

17 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 12.25 0 0 0.875 0 0.875 22.44

17 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 3.41 30.69 0 0 17.05 0 0 0 0 0 158.15

17 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 20.06 0 0 0 0 0 0 40.12 0 0 90.45

17 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 1.9 0 0 0 0 0 17.1 0 0 29.37

17 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 13.16 0 0 0 24.98

17 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0.835 0 0 0 0 0 0 0 0.96

17 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 0 0 3.92 0 0 0 0 0 8.66

17 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 0 0 0 0 13.51 0 0 0 40.13

18 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 3.4 0 0 102 0 0 165.30

18 Annual forb ncaf 1 0.4 1 0.9 8.4 0 0 0 6.3 0 0 0 0 0 21.21

18 Asclepias viridis ncpf 0.87 0.4 1 0.9 0 0 0 0 55 0 0 0 0 0 91.22

18 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 77.6 11.64 3.88 194 3.88 11.64 0 19.4 7.76 19.4 839.75

18 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0 0 0 0 8.85 0 0 0 1.18 23.34

18 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 12.6 25.2 0 0 0 25.2 90.90

18 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 1.9 0 0 95 0 0 0 0 0 149.80

18 Iva annua ncaf 0.35 0.15 1 0.9 0 2.85 0 0 7.6 0 95 0 57 57 339.25

18 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0 0 12.39 0 0 0 44.69

18 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 7.4 0 0 0 0 0 0 0 0 0 11.86

19 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 6.8 0 0 17 1.02 0 0 0 0 0 38.93

19 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 19.4 0 0 0 0 0 46.65

19 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 0 0 0 0.996 0.332 0 0 3.32 14.37

19 Croton texensis ncaf 0.3 0.2 1 0.9 5.5 5.5 1.65 0.55 0.33 0 0 0 0.22 0 33.07

19 Glandularia bipinnatifida ncpf 0.8 0.5 1 0.9 0 0.5 0 0 0 0 0.2 0 0 0 1.58

19 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 12.6 2.52 0.756 0 0 0 0 0 0 0 22.91

19 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0.57 0 0 0 0 0 0 0 0.88

19 Oenothera speciosa ncpf 0.98 0.4 1 0.9 0 0 0 0 0 0.246 0 0 0 0 0.36

19 Phyla nodiflora cpf 0.84 0.2 1 0.9 0 0 6.58 9.87 32.9 0 0 0 0 1.645 43.80

19 Ratibida columnifera ncpf 0.99 0.5 1 0.9 0 0.55 0 2.2 22 0.55 0 11 8.8 3.3 88.18

19 Solanum xanti ncpf 0.97 0.6 1 0.9 0 0 0.5 0 0 0 0 0 0 0 1.12

19 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 41.3 0 1.239 4.13 0 0 0 0 1.239 0 172.81

20 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 7.76 0 0 0 0 0 18.66

20 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 3.92 0 0 0 0 0 0 10.61

20 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 0.835 0 0 0.96

21 Aristida oligantha cag 0.7 0.6 1 0.9 0 5.02 0 0.251 0 5.02 0 2.51 0.502 0.502 42.68

21 Aristida purpurea cpg 0.7 0.6 1 0.9 5.02 0 0 0 2.51 0 0 0 0 0 23.28

21 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 1.75 0 0 0 0 0 0 0 0 2.81

21 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 0 14 0 0 0 0 0 0 0 16.29

22 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 3.4 0 0 0 0 5.33

22 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 10.26 0 0 0 0 0 0 0 5.13 27.76

22 Aristida oligantha cag 0.7 0.6 1 0.9 0 0 0 0 0 0 0 0 12.55 5.02 54.32

22 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 50.44 0 0 0 0 0 85.36 7.76 0 345.23

22 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 7.25 0 0 0 23.54

22 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 2.2 0 0 2.2 0 0 10.58

22 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 17.5 5.25 0 0 0 5.25 7 56.11

22 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 0 40.92 37.51 0 0 0 0 242.49

22 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 42.84 0 0 0 0 0 0 0 0 0 61.81

22 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 49.4 20.9 39.9 17.1 22.8 0 3.8 7.6 17.1 276.10

22 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 82.25 0 13.16 39.48 0 0 0 0 256.09

22 Mimosa microphylla cpf 0.94 0.3 1 0.9 35.07 0 0 0 0 0 0 16.7 0 6.68 67.29

22 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 0 0 0 0 0 2.94 0 0 6.49

22 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 19.3 30.88 21.23 3.86 0 0 0 0 223.60

22 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 155.49 0 0 0 0 0 110.76 0 0 0 523.86

22 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0 0 0 16.52 0 0 59.59

23 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 97 0.776 0 0 65.96 0 46.56 50.44 108.64 46.56 1000.23

23 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 29.4 5.88 0 0 0 95.45

23 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0 0 0 0 0 0 0.3 0 0 0.54

23 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 0.35 3.5 0 0 6.17

23 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 16.45 0 0 0 0 0 31.23

23 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0.167 0 0 5.01 5.96

23 Salvia texana ncpf 1 0.6 1 0.9 0 1.335 18.69 0 0 0 0 13.35 0 0 72.23

24 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 10.2 0 0 85 0 0.34 0 0 0 0 149.84



24 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 59.85 0 0 0 18.81 0 11.97 163.46

24 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 27.16 38.8 31.04 0 27.16 174.6 174.6 97 77.6 38.8 1651.50

24 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0.22 0 0 0 0 0 0 4.4 11.11

24 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0.175 0 0 0 0 0 0.28

24 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0 0 0 0 0 2.36 0 0 0 5.49

24 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 30.09 0 0 1.003 0 30.09 20.06 0 30.09 167.33

24 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 7.56 0 0 0 0 0 0 0 0 0 10.91

24 Iva angustifolia ncaf 0.35 0.15 1 0.9 26.6 7.6 0 15.2 0 0.38 0 0 0 0 76.96

24 Iva annua ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 2.85 0 0 4.41

24 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 0 0 3.34 3.85

24 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0 0 0 0 0 24.78 89.39

25 Aristida purpurea cpg 0.7 0.6 1 0.9 0 1.255 0 2.008 0 1.757 1.255 1.255 0 0 23.28

25 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 15.68 0 0 0 0.98 0 0 0 0 3.92 55.68

25 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0.045 0 0 0 0 0 0 0 0 0.08

25 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 0 0.33 0 0.79

25 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0.875 1.05 0.875 0 0 4.49

25 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0 0 0 0 0 0 0 5.9 1.18 16.48

25 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 1.26 0 0 0 1.26 0 0 0 0 3.64

25 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 1.9 0 0 2.94

25 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0.334 0 0 0 0 0.38

25 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 0 0 6.69 6.69 6.69 0 0 0 0 0 57.92

25 Oenothera macrocarpa ncpf 1 0.4 1 0.9 0 0 0 0 0 0 0 0 0 2.46 3.55

25 Oenothera speciosa ncpf 0.98 0.4 1 0.9 0 0 0 0 4.92 0 0 0 0 0 7.24

25 Ratibida columnifera ncpf 0.99 0.5 1 0.9 11 0 0 0 0 0 0 0 0 0 20.04

25 Rudbeckia fulgida ncpf 0.2 0.15 1 0.9 0 0.795 0 0 0 0 0 0 0 0 2.15

25 Salvia texana ncpf 1 0.6 1 0.9 8.01 0 0 0.801 0 0 0 0 2.136 0.801 25.43

25 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0.47 0 0.705 0 0 0 1.05

26 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 0 3.15 0.63 0 3.15 0 10.00

26 Aristida purpurea cpg 0.7 0.6 1 0.9 1.255 0.753 5.02 0.502 0 0 0 0 0 0 23.28

26 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 0 3.88 1.94 1.94 0 0 18.66

26 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 3.92 0 10.61

26 Bouteloua trifida cpg 0.65 0.45 1 0.9 0 0 0 0 0 0 0 0 0.382 0 0.95

26 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 0 0 6.64 0 0 0 0 0 20.53

26 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0.334 0 5.01 0 1.67 0 0 0 0 3.34 20.75

26 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 1.1 0 0 0 0 0 2.65

26 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 3.5 0 2.1 1.75 0 1.75 0.875 0 15.99

26 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 1.764 0 0 0 0 0 0 0 0 0 2.55

26 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0.57 0 0 0 0 0.88

26 Linum berlandieri ncpf 1 0.4 1 0.9 0.302 0 0 0 0.453 0.755 0.755 0 0.453 3.02 8.28

26 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 0 0 0 0 0 0 0 0 3 3.49

26 Salvia texana ncpf 1 0.6 1 0.9 0.801 1.335 0 0.801 0.801 0 1.335 0.801 0 0 12.71

26 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0.47 1.175 0 0 0 0 1.47

26 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0.826 0 0 0 0 0 2.98

26 Tetraneuris scaposa ncpf 1 0.4 1 0.9 0 0 0 0 0 0 0 1.5 0 0 2.16

27 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 31.04 46.56 15.52 62.08 58.2 77.6 19.4 15.52 3.104 0 791.23

27 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 31.36 0 0 84.84

27 Croton texensis ncaf 0.3 0.2 1 0.9 0.55 0 0 0 0 0 0 0 0 0 1.32

27 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 1.7 0 0 0 5.52

27 Diodia virginiana ncaf 0.9 0.4 1 0.9 7 0 0 0 0 0 0 0 0 0 11.22

27 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 5.04 0 0 0 0 0 0 0 0 0 7.27

27 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 3.8 0 0 0 0 0 0 0 5.87

27 Linum berlandieri ncpf 1 0.4 1 0.9 4.53 0 0 0 0 0 0 0 0 0 6.54

27 Mimosa microphylla cpf 0.94 0.3 1 0.9 3.34 0.334 0 0 0 0 0 0 0 0 4.23

27 Sida actua ncpf 0.81 0.2 1 0.9 0 0 1.175 0 0 0 0 0 0 0 1.05

27 Toxicodendron radicans ncpf 0.3 0.2 1 0.9 0 0 0 0 0 0 12 0 0 0 28.86

28 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 20.4 125.8 0 0 0 0 229.29

28 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 1.71 0 0 0 6.84 17.1 0 0 0 46.26

28 Aristida purpurea cpg 0.7 0.6 1 0.9 0.251 20.08 17.57 25.1 15.06 12.55 0 0 0 0 280.16

28 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 0.388 0 50.44 15.52 27.16 27.16 290.18

28 Croton texensis ncaf 0.3 0.2 1 0.9 1.1 0.55 0 0 1.65 0.55 2.2 1.65 0 0 18.52

28 Diodia virginiana ncaf 0.9 0.4 1 0.9 5.25 0 0 0 3.5 0 0 0 0 0 14.03

28 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 0 0 0 0 0 0 0 52.08 0 0 75.14

28 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 0 0 0 0 0 6.82 0 21.09

28 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 2.95 1.77 0.885 0 0 1.77 0 0 0 0 17.16



28 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 2.52 0 0 0 0 0 0 0 0 0 3.64

28 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0.95 0 0 22.8 0 0 36.72

28 Linum berlandieri ncpf 1 0.4 1 0.9 4.53 0 0 0 0 0 0 0 0 0 6.54

28 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 3.34 0 0 3.85

28 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 2.13 0 0 0 0 0 0 0 0 0 4.19

28 Sida spp. ncpf 0.81 0.2 1 0.9 0 1.175 0 0 0 0 0 0 0 4.7 5.23

29 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0.34 0 0 0 0 0 0.53

29 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 3.42 0 0 0 0 6.17

29 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 42.68 97 73.72 46.56 15.52 19.4 23.28 34.92 54.32 116.4 1259.62

29 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 35.28 0 0 11.76 0 0 0 0 0 127.26

29 Croton texensis ncaf 0.3 0.2 1 0.9 0.55 0 0 0 0 0 0 0 0 0 1.32

29 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0.875 0 5.25 5.25 0 5.25 7 0 37.88

29 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 160.48 0 0 0 0 0 0 0 0 241.20

29 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 3.8 0 0 3.8 5.7 0 20.56

29 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 29.61 0 0 0 56.21

29 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 0 5.01 0.835 6.73

29 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 0 0 0 0 0 77.43 167.58

30 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 35.91 8.55 0 11.97 18.81 44.46 5.13 10.26 243.65

30 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 7.76 46.56 0 46.56 0 0 242.59

30 Buchloe dactyloides cpg 0.7 0.6 1 0.9 19.92 36.52 0 0 6.64 0 39.84 0 33.2 0 420.86

30 Croton texensis ncaf 0.3 0.2 1 0.9 0 2.2 3.3 3.3 2.2 0 0 0 0 0 26.45

30 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 3.5 0 0 0 0 0 5.61

30 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 0 0 0 110.33 40.12 0 226.12

30 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 10.08 0 0 0 17.64 0 0 0 0 0 40.00

30 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 0 11.4 3.8 23.50

30 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 0 59.22 0 0 112.43

30 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 5.01 0 0 5.77

30 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 2.94 0 2.94 0 0 0 0 0 12.99

30 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 7.72 13.51 9.65 0 0 0 0 3.86 103.20

30 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 0 0 0 0 1.065 2.10

30 Sida spp. ncpf 0.81 0.2 1 0.9 0 4.7 0 0 0 0 0 0 4.7 0 8.37

31 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 34.92 46.56 34.92 69.84 27.16 23.28 27.16 3.88 0 0 643.81

31 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 0 7.84 21.21

31 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0 0 0 5.01 3.34 0 0 0 16.73

31 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 1.705 0 0 0 0 0 0 20.46 68.53

31 Iva angustifolia ncaf 0.35 0.15 1 0.9 1.9 0 30.4 0 0 0 0 0 0.95 3.8 57.28

31 Liatris punctata ncpf 0.38 0.2 1 0.9 29.61 0 0 23.03 0 0 13.16 0 0 0 124.92

31 Mimosa microphylla cpf 0.94 0.3 1 0.9 0.835 0 0 0 0 0 0 0 0 1.67 2.88

31 Plantago sp caf 1 0.7 1 0.9 0 0 0 0 0 1 0 0 0 0 2.53

31 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0 0 0 0 0 0 0 2 0 3.61

31 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 1.335 10.68 0 0 26.7 8.01 0 101.13

31 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 0 0 8.52 25.56 2.13 71.24

32 Artemisia filifolia ncpf 0.5 0.2 1 0.9 0.5 0 0 0 0 0 0 0 0 0 0.72

32 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 31.04 0 7.76 3.104 3.88 5.82 7.76 1.94 1.94 11.64 180.08

32 Bouteloua hirsuta cpg 0.6 0.45 1 0.9 0 0.573 0 0 0 0 0 0 0.191 0 2.07

32 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0.725 0 0 0 0 0 0 2.35

32 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0.835 0.668 0 0 0 0 0 0 0 3.01

32 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 0 0.33 0 0.79

32 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0.525 0 0 0 0 0 1.75 0 0 3.65

32 Evolvulus sericeus cpf 1 0.4 1 0.9 3 0 0 0 0 0 0 0 0 0 4.33

32 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0.756 0 2.016 0 0 0 12.6 1.26 24.00

32 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 3.8 0 1.9 0 0 8.81

32 Linum berlandieri ncpf 1 0.4 1 0.9 0 0 1.208 0 0 0 0 0.151 0 0 1.96

32 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 0.3 0 0 0 0 0 0 0 0 0.35

32 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0.334 0 0 0 0 0 0 0.501 0 0.96

32 Salvia texana ncpf 1 0.6 1 0.9 0 1.602 0 0 0.534 0 0 0 0 0 4.62

32 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 0 0.47 0 0 0.42

32 Tetraneuris scaposa ncpf 1 0.4 1 0.9 0.75 0 0 0 0 0 0 0 0 0 1.08

33 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0.68 1.7 0.68 0.34 13.6 0 0.34 0.34 0 0 27.73

33 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 3.88 0 7.76 0 27.99

33 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 15.68 0 0 0.392 0 0.98 46.13

33 Buchloe dactyloides cpg 0.7 0.6 1 0.9 1.66 0 0 0 0 0 0 0 0 0 5.13

33 Convolvulus equitans cpf 0.96 0.45 1 0.9 0 0 0 0 1.098 1.098 0 0 0 0 3.71

33 Croton texensis ncaf 0.3 0.2 1 0.9 0.11 0 0 0 0 0 0 0 0 0 0.26



33 Diodia virginiana ncaf 0.9 0.4 1 0.9 0.875 0.875 0 0 0 0 0 0 0 0.175 3.09

33 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 0 1.003 0 0 0 0 1.51

33 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0.167 0 0.167 0 0 0 0 0.38

33 Oenothera speciosa ncpf 0.98 0.4 1 0.9 0 0 1.23 0 0 0 0 0.246 0 0 2.17

33 Phyla nodiflora cpf 0.84 0.2 1 0.9 0 0.658 0.658 0 1.645 0 0 0 0 0 2.54

33 Sida spp. ncpf 0.81 0.2 1 0.9 0.47 0.47 0.705 0.47 0 0.47 0 0 0 0 2.30

33 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 12.39 1.652 2.478 2.478 4.13 4.13 0 0 0 0 98.32

33 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 0 0 0 1.48 0 0 0 0 0 2.37

34 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0.34 0 1.7 0 0 0 0 1.7 5.87

34 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 7.76 0.388 0 0 1.164 0 22.39

34 Bothriochloa laguroides cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 0 0 5.82 14.00

34 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0.588 0.588 0 0 0 0 0 0 0 0 3.18

34 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0 2.9 0 0 9.41

34 Convolvulus equitans cpf 0.96 0.45 1 0.9 0 1.098 0 0 0 0 0 0 0 0 1.86

34 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0.334 0 0 0 0 0.167 0 0 0 1.00

34 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0.11 0 0 0 0 0 0.26

34 Cynodon dactylon cpg 0.55 0.5 1 0.9 0 0 0 0 0 0 0 0.2 0 0 0.66

34 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0.085 0.255 0 0 1.10

34 Digitalis purpurea ncaf 0.9 0.4 1 0.9 0 0 2 0 0 0 0 0 0 0 3.21

34 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0.35 0.175 0 0 0 0 0 0.175 0 1.12

34 Erigeron compositus ncpf 1 0.45 1 0.9 0 0 0 0.5 0 0 0 0 0 0 0.81

34 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 3.255 0 0 0 0 0 0 0 0 0 4.70

34 Glandularia bipinnatifida ncpf 0.8 0.5 1 0.9 0 0 0 0 0 0 0 0.1 0 0 0.23

34 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0.252 0 0 0 0 0.504 0 0 1.09

34 Iva angustifolia ncaf 0.35 0.15 1 0.9 0.38 0.19 0 0 0 0 0 0 0 0 0.88

34 Juniperus ashei ncpf 0.2 0.45 1 0.9 0 0 0 0 0 0 0 0 0 0.5 4.06

34 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 3.29 0 0 0 0 0 6.25

34 Linum berlandieri ncpf 1 0.4 1 0.9 0 0 0 0 0 0 0.151 0.151 0 0 0.44

34 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0 0.167 0 0 0.19

34 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 0 0.98 0 0 0.098 0 0 0 2.38

34 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 3.345 0 0 0 0 0 0 0 0 0 9.65

34 Oenothera macrocarpa ncpf 1 0.4 1 0.9 0 0 0 0 0 0 0 0 0 1.23 1.77

34 Ratibida columnifera ncpf 0.99 0.5 1 0.9 0 0 0 0 0 0 0 0 0 1.1 2.00

34 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 0 1.335 0 0 0 0 2.89

34 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 1.065 0 0 0.213 1.704 2.13 0 0 10.06

34 Scutellaria drummondii ncaf 0.95 0.4 1 0.9 0 0 0.2 0 0 0.1 0.2 0 0 0 0.76

34 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 0 0 0.235 0 0.21

34 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 8.26 8.26 0 8.26 0 0 0 0 89.39

34 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 0 0.74 3.7 0 0 0 0 0 3.7 13.05

35 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 11.64 11.64 11.64 7.76 0 11.64 0.388 0 0 0 131.56

35 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 3.92 0 0 0 0.98 0.98 15.91

35 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0 0 2.505 0 1.2525 0 0 0 7.53

35 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 0.085 0 0 0 0 0 0 0.28

35 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0.875 0.175 0 0.875 0 0 0 0 0 3.09

35 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 5.015 0 0 0 0 0 0 0 7.54

35 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 0 0 0 0 0 0.252 0.36

35 Linum berlandieri ncpf 1 0.4 1 0.9 0 0 0.151 0.302 0 0 0 0 0 0 0.65

35 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0.167 0 0 1.336 0.835 2.69

35 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 0 0 0 0 0 0 2.007 0 0 0 5.79

35 Oenothera speciosa ncpf 0.98 0.4 1 0.9 0 0 0 0.246 0 0 0 0 0 0 0.36

35 Scutellaria drummondii ncaf 0.95 0.4 1 0.9 0 0 0 0 0 0 0.2 0 0 0 0.30

36 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 0 0 19.4 46.65

36 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 1.96 1.96 2.94 0 0.196 0 0 0 0 0 19.09

36 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0 1.45 0.145 0 5.18

36 Castilleja campestris ncpf 1 0.65 1 0.9 0 0 0 0 0 0 0 0.24 0 0 0.56

36 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0 0.167 0 0 0 0 0 0 0.33

36 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0.11 0 0 0 0 0 0.26

36 Diodia virginiana ncaf 0.9 0.4 1 0.9 0.175 0.875 0.35 2.625 2.625 0 0.35 0 0 0 11.22

36 Iva angustifolia ncaf 0.35 0.15 1 0.9 5.7 3.8 0.38 3.8 11.4 2.85 0.95 0.95 0.19 0 46.41

36 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 16.45 0 0 0 0 0 0 0 31.23

36 Lythrum salicaria ncpf 0.35 0.2 1 0.9 0 0 0 0 0 0 0 0.098 0 0 0.20

36 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 0 20.07 0 0 0 3.345 0 0 20.07 0 125.49

36 Panicum virgatum cpg 0.55 0.4 1 0.9 0 0 0 0 0 5.525 0 0 0 0.442 15.65

36 Salvia texana ncpf 1 0.6 1 0.9 5.34 0 0 0 0 0 0 0 0 0 11.56



36 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 3.195 6.39 6.39 0 0 8.52 3.195 0.213 0 54.90

36 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 5.55 0 0 0 7.4 0 0 0 0 0 20.76

37 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 3.88 7.76 0.388 0 0 0 0 0 0 19.4 75.58

37 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 0 0 0.175 0 0.28

37 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 2.5075 0 0 0 0 0 0 0 0 0 3.77

37 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 0 1.9 0 2.94

37 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 3.29 0 3.29 0 0.8225 0 0 14.05

37 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0.5 0 0 0 0 0 0 0 0 0.90

37 Salvia texana ncpf 1 0.6 1 0.9 5.34 24.03 10.68 10.68 0 0 0 0 0 0 109.79

37 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 1.065 6.39 6.39 6.39 10.65 0 1.065 1.065 0.213 0 65.38

37 Solidago spp. ncpf 0.15 0.3 1 0.9 0 0 0 0.5 0 1 0 0 0 0 10.82

38 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 2.52 0 0 0 0 0 3.64

38 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 0 1.05 0.042 0.021 1.05 3.15 7.67

38 Aristida purpurea cpg 0.7 0.6 1 0.9 0 0 0 0 0 0 0 0 0 12.55 38.80

38 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 5.82 0 0 0 0 0 0 0 0 14.00

38 Bouteloua hirsuta cpg 0.6 0.45 1 0.9 1.91 0 0 0.191 0 0.191 0 0 0 0 6.20

38 Castilleja campestris ncpf 1 0.65 1 0.9 1.2 0.24 0 0.24 0 0.24 0 0 0.24 0 5.06

38 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0.11 0 0 0.22 0.011 0 0 0.82

38 Diodia virginiana ncaf 0.9 0.4 1 0.9 1.75 0.35 0.35 1.75 0.875 0.175 0.175 0.35 0 0 9.26

38 Liatris punctata ncpf 0.38 0.2 1 0.9 0.329 0 0 0 0 0 0 0 0 0 0.62

38 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 0 0 0 0 0 0 1 0 0 1.16

38 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0.167 0 0 0 0 0 0 0 0.19

38 Rudbeckia fulgida ncpf 0.2 0.15 1 0.9 0.159 0 0 0.159 0.159 0 0 0 0 0 1.29

38 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0 0 0 0 0 0 0 0 0.5 0.90

38 Salvia texana ncpf 1 0.6 1 0.9 5.34 0.267 0.267 2.67 0.267 14.685 0.267 0 0 2.67 57.21

38 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0.426 0 0.213 0 2.13 0 0.213 0.213 2.13 0 10.48

38 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 0 0 0 0.235 0.21

38 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0.413 0 0.826 0 0 0.826 0 0 8.26 0 37.24

39 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 43.588 12.818 55.726 0 0 3.06 0 39.134 0 0.204 242.35

39 Ambrosia trifida ncpf 0.8 0.4 1 0.9 11.696 0 0 0 0 0 0 0 0 0 21.09

39 Annual forb ncaf 1 0.4 1 0.9 18.984 15.519 47.187 5.565 1.89 1.176 0 0 1.722 0 132.81

39 Aristida oligantha cag 0.7 0.6 1 0.9 0 0.7028 0 0 0 0 0 0 0 0 2.17

39 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 150.6216 238.4648 52.574 0 93.896 0 155.8596 1662.70

39 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 27.5184 0 0 0 0 0 0 0 74.45

39 Bromus japonica cag 0.95 0.7 1 0.9 0 0.6561 0 0 0 0 0 0 0 0 1.74

39 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0 0 13.746 2.871 0 0 0 53.95

39 Croton texensis ncaf 0.3 0.2 1 0.9 0 0.506 0.737 0.088 0 0.242 0 0 0.121 0 4.07

39 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 0.34 0 0 6.9785 0.4335 0 0 25.17

39 Diodia virginiana ncaf 0.9 0.4 1 0.9 13.055 24.255 0.14 0.5075 0 2.17 0 0.945 0 1.7675 68.68

39 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0.708 0 0 0 0 0 0 0 0 1.65

39 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 78.9361 10.9327 14.6438 2.2066 0 0 19.3579 0 0 189.49

39 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 3.515 4.978 0.76 0 0 13.395 0.209 0 0 35.34

39 Lythrum salicaria ncpf 0.35 0.2 1 0.9 0 0 0 0 0 0 0 1.5386 0 0 3.17

39 Mimosa microphylla cpf 0.94 0.3 1 0.9 0.0167 0.7849 0.2672 0 0 0 6.6132 0 0 0 8.84

39 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 1.372 0 0 0 0.3234 0 0 0 3.74

39 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 50.481 48.7131 0 452.3268 0 1085.14

39 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 0 3.811 0 0 4.181 4.292 3.145 4.921 0 32.62

40 Aristida purpurea cpg 0.7 0.6 1 0.9 0 0 0 0 0 0 0 0.502 0 0 1.55

40 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 38.8 0 0 0 0 0 0 0 0 0 93.31

40 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 2.94 0 1.96 0 0 0 0 0 13.26

40 Carex planostachys cpg 0.5 0.45 1 0.9 0 0 0 2.9 0 0 0 0 0 0 9.41

40 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0.835 0 0 0 0 0 0 0 1.67

40 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0.55 0 0 0 0 1.32

40 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 1.4 0 0 0 2.24

40 Glandularia bipinnatifida ncpf 0.8 0.5 1 0.9 0 0 0 0 0 0.3 0 0 0 0 0.68

40 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 2.52 0 0 0 0 0 0 0 0 3.64

40 Hymenopappus artemisiifolius ncpf 1 0.4 1 0.9 0 0.5 0 0 0 0.2 0.5 0.5 0 0 2.45

40 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 0.95 0 0 1.47

40 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 0 0 0 0 0 0 0 6.69 0 0 19.31

40 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 6.39 0 0 0 0 0 12.57

40 Sida spp. ncpf 0.81 0.2 1 0.9 0 1.88 0 0 0 0 0 0 0 0 1.67

41 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 11.64 7.76 17.46 23.28 77.6 0 0 5.82 0 11.64 373.22

41 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 7.25 0 8.7 0 0 0 2.9 0 61.20

41 Diodia virginiana ncaf 0.9 0.4 1 0.9 1.75 0 0 0 0 0 0 0 0 0 2.81



41 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 13.02 0 0 0 0 0 0 0 0 0 18.79

41 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0.756 0 0 0 0 0 0 0 0 0 1.09

41 Iva angustifolia ncaf 0.35 0.15 1 0.9 5.7 0 0 0 0 0 0 0 0 0 8.81

41 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 4.935 6.58 49.35 39.48 190.51

41 Rudbeckia fulgida ncpf 0.2 0.15 1 0.9 0 0 0 0 0 0 0 6.36 0 0 17.21

41 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 10.65 8.52 8.52 6.39 2.13 71.24

42 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 19.4 0 5.82 19.4 11.64 0 0 0 0 135.29

42 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 39.2 9.8 7.84 0 0 0 0.98 0 0 0 156.42

42 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 0 0 0 0 0 0 0 33.2 102.65

42 Cynodon dactylon cpg 0.55 0.5 1 0.9 0 0 0 0 0 0 0 0 2.5 0 8.20

42 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0.756 2.52 0 0 0 0 0 4.73

42 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 0 6.58 0 0 12.49

42 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 5.01 0 0 0 0.835 3.34 0 0 0 10.57

42 Panicum coloratum cpg 0.6 0.4 1 0.9 0 0 0 1.105 0 0 0 0 0 0 2.66

42 Phyla nodiflora cpf 0.84 0.2 1 0.9 26.32 0 9.87 0 0 0 0 0 0 0 31.08

42 Ratibida columnifera ncpf 0.99 0.5 1 0.9 0 0 0 0 0 0 0 0 11 0 20.04

42 Silphium albiflorum ncpf 1 0.5 1 0.9 0 0 0 0 0 0 0.3 0 0 0 0.54

42 Solanum xanti ncpf 0.97 0.6 1 0.9 0 0 0 5 0 0 0 0 0 0 11.16

42 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0 12.39 0 4.13 0 0 59.59

43 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 0 3.42 0 0 0 6.17

43 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 2.1 0 0 0 0 0 3.03

43 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 15.52 7.76 0 0 0 0 23.28 111.97

43 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 17.64 0 0 3.92 0 58.33

43 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 13.05 0.725 8.7 0 5.8 5.8 0 110.62

43 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 4.4 0 0 0 0 0.77 0 0 12.43

43 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 0 0 0 3.5 5.61

43 Iva angustifolia ncaf 0.35 0.15 1 0.9 7.6 1.9 17.1 0 9.5 0 3.8 7.6 11.4 9.5 105.74

43 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 0 29.61 0 0 56.21

43 Panicum virgatum cpg 0.55 0.4 1 0.9 37.57 0 13.26 2.21 0 0 0 6.63 0 0 156.54

43 Phyla nodiflora cpf 0.84 0.2 1 0.9 0 0 0 0 0 49.35 0 0 0 0 42.38

43 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 12.78 0 2.13 10.65 6.39 0 62.86

43 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 24.78 0 0 0 0 0 0 103.25 461.83

43 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 14.8 0 0 0 0 0 0 0 0 23.73

44 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 23.8 0 0 17 0 0 0 0 0 63.99

44 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 0 0 0 12.6 8.4 10.5 45.45

44 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 23.28 69.84 0 0 0 11.64 46.56 7.76 382.55

44 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 1.1 0 0 0 0 0 0 0 2.65

44 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 1.7 0 0 0 0 0 0 0 0 0 5.52

44 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 15.75 0 5.25 0 0 1.75 1.75 0 39.28

44 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 13.64 0 0 0 0 0 0 42.17

44 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 23.03 0 0 0 0 0 0 43.72

44 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 5.01 0 0 0 5.77

44 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 7.72 0 0 23.16 7.72 0 0 0 0 114.67

44 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 0 0 32.04 0 0 26.7 127.13

44 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 78.81 14.91 0 0 34.08 70.29 40.47 14.91 6.39 12.78 536.43

45 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 13.6 27.2 0 0 0 0 0 0 0 0 63.99

45 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 65.96 93.12 11.64 69.84 27.16 11.64 11.64 7.76 27.16 0 783.76

45 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 37.24 0 0 100.75

45 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 2.2 0 0 0 5.29

45 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 8.75 0 0 0 0 0 8.75 12.25 47.69

45 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 0 0 13.64 23.87 0 0 0 115.98

45 Helianthus maximiliani cpf 0.35 0.2 1 0.9 0 25 0 0 0 0 0 0 0 0 51.53

45 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 3.8 15.2 0 0 29.37

45 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 5.88 3.92 0 0 0 0 0 0 0 21.64

45 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 12.78 6.39 0 8.52 4.26 4.26 0 10.65 92.20

45 Yucca sp. ncpf 0.8 0.65 1 0.9 0 0 0 0 0 0 0 0 51 110 471.86

46 Annual forb ncaf 1 0.4 1 0.9 16.8 0 0 0 0 0 0 0 0 0 24.24

46 Aristida purpurea cpg 0.7 0.6 1 0.9 20.08 12.55 12.55 0 0 0 0 15.06 7.53 0 209.54

46 Bouteloua hirsuta cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 5.73 0 15.50

46 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 6.68 0 0 0 0 0 0 0 0 0 13.39

46 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 0.55 0 0 1.32

46 Diodia virginiana ncaf 0.9 0.4 1 0.9 1.3125 0 8.75 0 0 0.875 0 0 14 0.875 41.38

46 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 3.54 0 0 0 0 0 0 0 0 0 8.24

46 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 3.8 9.5 0 20.56



46 Linum berlandieri ncpf 1 0.4 1 0.9 1.51 0 0 0 0 0 0 0 0 0 2.18

46 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 30 0 0 0 1 0 0 0 0 36.07

46 Mimosa microphylla cpf 0.94 0.3 1 0.9 0.835 0 0 0 0 0 0 0 0 0 0.96

46 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 0 0 0 0 0 0 3.92 7.84 25.97

46 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 0 0 0 0 0 0 100.35 0 0 167.25 772.22

46 Salvia farinacea ncpf 1 0.6 1 0.9 0 0 16.02 5.34 0 0 0 0 0 0 46.23

46 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 4.26 159.75 42.6 0 0 0 0 406.51

46 Sida spp. ncpf 0.81 0.2 1 0.9 7.05 0 2.35 0 0 0 0 0 0 0 8.37

47 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 71.82 8.55 5.13 0 0 154.21

47 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 85.36 0 0 15.52 7.76 11.64 0 0 38.8 27.16 447.87

47 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 2.2 3.3 0 0 0 3.3 1.1 23.81

47 Diodia virginiana ncaf 0.9 0.4 1 0.9 3.5 0 0 0 24.5 12.25 0 0 0 7 75.75

47 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 44.33 0 27.28 37.51 23.87 30.69 0 0 0 0 506.07

47 Eustoma exaltatum caf 0.5 0.35 1 0.9 1.8 0 0 0 0 0 0 0 0 0 4.55

47 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 0 50.15 320.96 0 0 0 557.77

47 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 20.16 0 0 0 0 0 29.09

47 Iva angustifolia ncaf 0.35 0.15 1 0.9 76 49.4 51.3 7.6 60.8 15.2 72.2 68.4 45.6 55.1 775.44

47 Mimosa microphylla cpf 0.94 0.3 1 0.9 11.69 0 8.35 0 0 0 0 0 0 0 23.07

47 Nassella leucotricha cpg 0.85 0.7 1 0.9 7.72 0 0 0 0 0 15.44 13.51 3.86 3.86 131.87

47 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0 0 14 0 0 0 3 0 17 61.32

47 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 10.65 10.65 4.26 6.39 4.26 10.65 10.65 0 113.15

48 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 0 0 0 5.13 3.42 15.42

48 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 7.76 15.52 124.16 11.64 93.12 54.32 7.76 11.64 69.84 951.71

48 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 13.72 0 37.12

48 Croton texensis ncaf 0.3 0.2 1 0.9 0.55 0 0 0 0 0 0 5.5 0 0 14.55

48 Diodia virginiana ncaf 0.9 0.4 1 0.9 0.175 0 10.5 0 0.875 1.75 0 0 0 0 21.32

48 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 0 6.82 0 0 0 0 0 21.09

48 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 20.06 170.51 0 180.54 0 270.81 0 0 0 70.21 1070.32

48 Iva angustifolia ncaf 0.35 0.15 1 0.9 5.7 0 13.3 15.2 15.2 0 3.8 0 0 0 82.24

48 Mimosa microphylla cpf 0.94 0.3 1 0.9 5.01 0 0 3.34 0 0 0 0 0 0 9.61

48 Nassella leucotricha cpg 0.85 0.7 1 0.9 9.65 0 0 0 0 0 0 0 0 0 28.67

49 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 0 0 0 0 1.7 2.67

49 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 0.855 2.565 0 0 0 6.17

49 Aristida purpurea cpg 0.7 0.6 1 0.9 0 0 0 0 0 0 5.02 5.02 0 0 31.04

49 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 38.8 0 3.88 7.76 0 1.94 19.4 0 0 0 172.61

49 Bothriochloa laguroides cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 11.64 0 0 27.99

49 Bouteloua hirsuta cpg 0.6 0.45 1 0.9 0 0 0 0.955 3.82 0 0 0 3.82 9.55 49.09

49 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 0 0 0 6.64 0 0 0 0 20.53

49 Croton texensis ncaf 0.3 0.2 1 0.9 0.11 0 0 0 0 0 0 0 0.11 0 0.53

49 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0.425 0 0 0 0 0 0 0 1.38

49 Diodia virginiana ncaf 0.9 0.4 1 0.9 1.75 0 0 1.75 22.75 0 0.875 8.75 5.25 3.5 71.54

49 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 0 0 0 6.51 0 0 0 0 0 0 9.39

49 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 2.52 0 0 0 0 0 3.64

49 Iva angustifolia ncaf 0.35 0.15 1 0.9 3.8 0 3.8 0 1.9 1.9 0 0.95 19 0 48.46

49 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 0 0 0 0 25.56 50.29

49 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 8.26 0 0 0 0 0 0 0 0 0 29.80

49 Tridens albescens cpg 0.6 0.4 1 0.9 0 3 0 0 0 0 0 0 0 0 7.21

50 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 1.7 0 0 0 0 2.67

50 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 0 0 0 0 1.71 3.08

50 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 1.94 1.94 7.76 0 3.88 31.04 65.96 65.96 1.94 433.87

50 Bothriochloa laguroides cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 0 0 3.88 9.33

50 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 7 0 0 0 0 11.22

51 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 27.2 10.2 10.2 27.2 6.8 0 3.4 0 0 0.68 134.37

51 Annual forb ncaf 1 0.4 1 0.9 0 42 10.5 0 0 0 0 0 0 0 75.75

51 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 38.8 11.64 7.76 11.64 11.64 7.76 214.60

51 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 2.9 7.25 0 0 4.35 0 0 0 47.07

51 Croton texensis ncaf 0.3 0.2 1 0.9 0 2.2 0 0 0 0 0 0 0 0 5.29

51 Desmanthus illinoensis cpf 0.7 0.3 1 0.9 3 0 0 0 0 0 0 0 0 0.3 5.10

51 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 1.7 0 0 0 0 0 0 0 0 0 5.52

51 Elymus virginicus cpg 0.95 0.6 1 0.9 0 0 2 0 0 0 0 0 0 0 4.56

51 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0 0 0 0 0 0 3.54 0 0 8.24

51 Iva angustifolia ncaf 0.35 0.15 1 0.9 5.7 3.8 0 0 22.8 0 0 0 0 0 49.93

51 Lythrum salicaria ncpf 0.35 0.2 1 0.9 7.35 0 2.45 0 0 0 0 0 0 0 20.20

51 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 3.86 0 0 0 0 0 0 0 0 11.47



51 Ruellia nudifloa cpf 0.6 0.3 1 0.9 3 0 0 0 0 0 0 0 0 0 5.41

51 Salvia farinacea ncpf 1 0.6 1 0.9 0 0 8.01 0 0 0 0 0 0 0 17.34

51 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 0 7.05 0 0 6.28

51 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 18.5 11.1 0 0 0 0 0 0 0 47.45

52 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 1.05 0 0 0 0 0 1.52

52 Annual forb ncaf 1 0.4 1 0.9 0 1.05 10.5 0 0 2.1 0 8.4 0 0 31.82

52 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 3.88 7.76 0.776 0.388 0.776 7.76 2.716 0 0 0.776 59.72

52 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0.11 0.22 0.11 0.11 0 0.11 0.22 0.11 2.38

52 Diodia virginiana ncaf 0.9 0.4 1 0.9 5.25 0 0.35 0 3.5 0.875 0.175 0 0 0.875 17.68

52 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 0 0 0 0 0 0 0 0 13.02 0 18.79

52 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 5.015 10.03 0 0 0 0 0 0 0 0 22.61

52 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 3.8 0 3.8 0 0 0 19 15.2 64.62

52 Liatris punctata ncpf 0.38 0.2 1 0.9 16.45 0 0 0 0 0 0 0 0 0 31.23

52 Mimosa microphylla cpf 0.94 0.3 1 0.9 0.167 0 0 0 0 0 0 0 0.167 0.167 0.58

52 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0.235 0 0 0 0 0 0 0.21

53 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0.68 0 0 0 0.68 3.4 0.68 0 8.53

53 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 3.88 3.88 1.94 0.388 0 0 0 0 5.82 38.26

53 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0.196 0 0 0 0 0 0 0 0 0.53

53 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 0 0 0.664 0 0 0 0 0 2.05

53 Cocculus carolinus ncpf 1 0.3 1 0.9 2.139 0 0 0 0 0 0 0 0 0 2.31

53 Cocculus diversifolius ncpf 1 0.3 1 0.9 0 0 0 0 0 0 0 0 0 1.426 1.54

53 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0 0.167 0 0 0 0 0 0 0.33

53 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0.22 0 0.11 0.11 0 0 1.06

53 Desmanthus illinoensis cpf 0.7 0.3 1 0.9 0 0 0 0 0 0.12 0 0 0 0 0.19

53 Diodia virginiana ncaf 0.9 0.4 1 0.9 0.35 0 0 0.175 0 0.35 0 0 0 0 1.40

53 Eleocharis erythropoda cpg 0.95 0.4 1 0.9 0 0 0 0 0 0 0 0 0.087 0 0.13

53 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 2.604 0 0 1.302 3.255 1.953 0 0 0 0 13.15

53 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 0 0 0 0.341 0 0 0 1.05

53 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0.504 0 0 0.504 0.504 0.504 1.26 0 0 0 4.73

53 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0.95 0 0 0 0 0 0.57 0 2.35

53 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0.167 0.334 0.167 0 0.77

53 Nassella leucotricha cpg 0.85 0.7 1 0.9 0.386 0 0 0 0.579 0.386 0.772 0 0 0 6.31

53 Salvia farinacea ncpf 1 0.6 1 0.9 0.534 0.534 0 0 0 0 0 0 0 0 2.31

53 Tridens albescens cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 0 0.45 0 1.08

54 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 6.8 0 0 0 0 0 0 10.66

54 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 2.1 0 0 0 0 0 3.03

54 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 3.88 194 7.76 0 38.8 7.76 0 0 606.48

54 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0.392 0 0 0 0 0 0 0 0 1.06

54 Carex charokeensis cpg 0.5 0.45 1 0.9 1.45 0 1.45 0 0.29 0 0 0 0 0 10.36

54 Castilleja campestris ncpf 1 0.65 1 0.9 0 0 0 0 0 0 0 0 0.24 0 0.56

54 Desmanthus illinoensis cpf 0.7 0.3 1 0.9 0 2.4 0 0 0 0 0 0 0 0 3.71

54 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0.85 0 0 0 0 0 0 0 0 0 2.76

54 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0.875 0.35 1.75 0 1.3125 0 0 6.87

54 Helianthus maximiliani cpf 0.35 0.2 1 0.9 0 0.2 0 0 0 0 0 0 0 0 0.41

54 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0.329 6.58 0 0 0 0 13.12

54 Lythrum salicaria ncpf 0.35 0.2 1 0.9 9.8 0 0 0 0 0 0 0 0 0 20.20

54 Mimosa microphylla cpf 0.94 0.3 1 0.9 1.67 0 0 0 0 0 0 0 0.167 0 2.11

54 Oenothera speciosa ncpf 0.98 0.4 1 0.9 2.46 1.23 0 0 0 0 0 0 0 0 5.43

54 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 0.267 0 0 0 0 0 0.58

54 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 10.65 0 0 10.65 0 41.91

54 Sida spp. ncpf 0.81 0.2 1 0.9 2.35 0.47 0 0 0 0 0 0 0 0 2.51

54 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 8.26 0 0 0 0 0 29.80

54 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 0 22.2 0.925 1.11 0 0 0 0 0 38.85

55 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 6.8 0 0 0 0 0 0 0 0 10.66

55 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 1.71 0 6.84 13.68 13.68 0 0 64.77

55 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 7.76 15.52 0 7.76 15.52 0 111.97

55 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0 0 0.3 0 0 0 0 0 0 0.54

55 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 0 0 4.4 10.58

55 Diodia virginiana ncaf 0.9 0.4 1 0.9 14 7 5.25 0 8.75 10.5 17.5 7 14 8.75 148.70

55 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 7.56 0 0 0 17.64 0 0 0 0 0 36.36

55 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 0 0 19.74 0 37.48

55 Mimosa microphylla cpf 0.94 0.3 1 0.9 1.67 0 0 0.167 0 0 0 0 0 3.34 5.96

55 Nassella leucotricha cpg 0.85 0.7 1 0.9 7.72 13.51 0 0 7.72 0 9.65 0 0 0 114.67

55 Phyla nodiflora cpf 0.84 0.2 1 0.9 0 0 16.45 0 0 0 0 0 0 0 14.13



55 Plantago sp caf 1 0.7 1 0.9 0 0 3 0 0 0 0 2 0 0 12.63

55 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 3 0 0 0 0 0 0 0 0 5.41

55 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 4.26 8.52 2.13 8.52 6.39 4.26 6.39 4.26 6.39 4.26 108.96

55 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 0 4.7 0 0 4.19

55 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 0 25.9 0 0 0 0 0 0 0 41.52

56 Aristida purpurea cpg 0.7 0.6 1 0.9 0.251 5.02 0 12.55 5.02 0 0 0 7.53 2.51 101.66

56 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 19.4 0 0 46.65

56 Bothriochloa laguroides cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 15.52 0 0 37.32

56 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0.196 1.96 0 0 0 0 0 0 0 0 5.83

56 Bromus texensis cag 0.95 0.7 1 0.9 0 0 0 0 7.29 0 7.29 0 0 0 38.75

56 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 8.35 3.34 0 0 0 0 0 0 0 0 23.43

56 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 1.75 0 5.25 0 0 0 0.875 3.5 18.24

56 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 0 7.56 0 0 0 0 10.91

56 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 0 0 0 3.29 0 0 6.25

56 Linum berlandieri ncpf 1 0.4 1 0.9 0 0 0 0 0 0 0 0 0.755 0 1.09

56 Mimosa microphylla cpf 0.94 0.3 1 0.9 0.835 3.34 1.67 3.34 0.835 1.67 0 0 0.835 0.835 15.38

56 Opuntia engelmannii ncpf 0.8 0.15 1 0.9 0 0 0 50 0 0 0 0 0 4 36.52

56 Salvia texana ncpf 1 0.6 1 0.9 0 1.602 0 0 0 0 0 0 0 1.335 6.36

56 Sida spp. ncpf 0.81 0.2 1 0.9 7.05 1.175 2.35 0 4.7 2.35 2.35 0 1.175 1.175 19.88

56 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 20.65 0 0 0 0 0 0 0 74.49

56 Symphyotrichum ericoides cpf 0.9 0.4 1 0.9 0 0 0 0 0 11.1 18.5 0 0 0 47.45

57 Annual forb ncaf 1 0.4 1 0.9 0 4.2 0 0 0 0 0 0 0 0 6.06

57 Aristida purpurea cpg 0.7 0.6 1 0.9 10.04 12.55 10.04 10.04 7.53 15.06 7.53 10.04 7.53 5.02 294.90

57 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 5.88 0 0 15.91

57 Bouteloua hirsuta cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 3.82 0 10.33

57 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0 0.29 0 0 0 0 0 0.94

57 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0 0.15 0 0 0 0 0 0 0 0.27

57 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0 0 0 0 0 0 0 6.68 13.39

57 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 1.65 0.55 0 2.2 0 0 0.22 0 11.11

57 Digitalis purpurea ncaf 0.9 0.4 1 0.9 0 0 1 0 0 0 0 0 0 0 1.60

57 Diodia virginiana ncaf 0.9 0.4 1 0.9 7 0 0 0 1.75 0 0.875 0 1.75 1.75 21.04

57 Eleocharis erythropoda cpg 0.95 0.4 1 0.9 0 0 0 0 0 0.87 0 0 0 0 1.32

57 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 0 0 5.04 0 0 0 7.27

57 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 9.5 0.95 9.5 13.3 1.9 2.85 1.9 61.68

57 Linum berlandieri ncpf 1 0.4 1 0.9 0 0 0 0.755 0 0 0 0.755 0 0 2.18

57 Melampodium leucanthum ncpf 0.93 0.3 1 0.9 0 8 0 0 0 0 0 0 0 2 11.64

57 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 0 0 0 0 133.8 0 0 0 0 0 386.11

57 Sida spp. ncpf 0.81 0.2 1 0.9 2.35 0 1.175 0 0 4.7 0 0 0 2.35 9.42

58 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 17 10.2 0 0 0 0 0 0 0 0 42.66

58 Annual forb ncaf 1 0.4 1 0.9 0 0 0 0 10.5 12.6 0 0 0 0 33.33

58 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 58.2 31.04 31.04 0 11.64 1.94 7.76 11.64 0 3.88 377.89

58 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0 0 2.9 2.9 18.83

58 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0.875 8.75 0 0.875 0 0 16.83

58 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 9.5 0 3.8 0 0 0 0 20.56

58 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0 0 32.9 0 0 0 0 0 62.46

58 Oenothera speciosa ncpf 0.98 0.4 1 0.9 0 0 0 4.92 0 0 0 0 0 0 7.24

58 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 8.01 0 0 0 0 0 17.34

58 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 14.91 4.26 0 10.65 1.065 0 0 60.77

59 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0.34 0 0 0 0 6.8 11.20

59 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 1.96 3.92 0.98 0.392 0 0.196 0 0 0 0 20.15

59 Callirhoe digitata cpf 0.3 0.2 1 0.9 0 0 0 0.1 0 0 0 0 0 0 0.24

59 Coreopsis grandiflora ncaf 0.9 0.5 1 0.9 0 0 0 0 0.501 0 0 0 0 0 1.00

59 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 1.1 0 0 0 0 0 0.11 0.11 3.17

59 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0 0 0 0.085 0.28

59 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0.175 0 0 0 0 0 0.28

59 Eleocharis erythropoda cpg 0.95 0.4 1 0.9 0 0 0 0 0 0 0 0 0 3.48 5.29

59 Erioneuron pilosum cpg 0.6 0.6 1 0.9 0 0 0 0 0.48 0 0 0 0 0 1.73

59 Forestiera pubescens ncpf 0.2 0.35 1 0.9 0 0 0 0 0 0 3 0 0 0 18.94

59 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 0.756 0 0 0 0 0 1.09

59 Iva angustifolia ncaf 0.35 0.15 1 0.9 0.38 0.95 0 0 0 0 0 0 1.9 3.8 10.87

59 Liatris punctata ncpf 0.38 0.2 1 0.9 3.29 1.645 0 0 0 0 0 0 0 0 9.37

59 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 0 0 0 0 0 0 0.098 0 0.22

59 Muhlenbergia reverchonii cpg 0.5 0.4 1 0.9 0 0 6.69 0 0 0 0 0 0 0 19.31

59 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0.235 0 0 0 0 0 0 0 0.21



59 Trifolium repens ncpf 1 0.65 1 0.9 0 0.3 0 0 0 0 0 0 0 0 0.70

60 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 6.8 0 0 0 0 0 0 10.66

60 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 11.97 0 0 13.68 3.42 0 0 5.13 0 0 61.68

60 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 77.6 124.16 0 11.64 42.68 42.68 69.84 85.36 54.32 62.08 1371.59

60 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 7.7 0.55 0 0 0.55 0 0 0.55 22.48

60 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 3.5 5.25 5.25 0 0.875 0 0 23.85

60 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 27.28 51.15 23.87 64.79 47.74 13.64 1.705 0 6.82 732.75

60 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 5.7 0 0 0 0.95 0 5.7 0 19.09

60 Mimosa microphylla cpf 0.94 0.3 1 0.9 6.68 5.01 3.34 0.835 0.167 0 0 0 1.67 0 20.38

60 Monarda citriodora ncaf 0.98 0.6 1 0.9 0 0 0 0 0 0 4.9 0 1.96 0 15.15

61 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 3.4 0 10.2 57.8 6.8 0 0 0 122.64

61 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 17.1 0 0 0 8.55 46.26

61 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 31.04 0 0 0 0 31.04 0 0 0 0 149.29

61 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 16.6 0 0 0 0 0 0 0 51.32

61 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 2.9 0 0 2.9 4.35 5.8 1.45 5.8 75.32

61 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 13.6 0 0 0 0 0 1.7 49.67

61 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 3.5 0 1.75 0 10.5 0 25.25

61 Eleocharis erythropoda cpg 0.95 0.4 1 0.9 14.79 0 0 0 0 0 0 0 0 0 22.46

61 Eleocharis sp. cpg 0.95 0.4 1 0.9 0 12.18 8.7 3.48 0 6.96 11.31 0 0.87 0 66.07

61 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 20.46 0 0 0 0 0 0 0 63.26

61 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 0 0 0 0 25.2 0 0 0 0 0 36.36

61 Iva angustifolia ncaf 0.35 0.15 1 0.9 17.1 58.9 20.9 68.4 22.8 0 13.3 32.3 0 7.6 373.03

61 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 0 0 23.16 0 0 9.65 0 7.72 120.40

61 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 16.52 0 0 0 0 0 28.91 41.3 312.85

61 Tridens albescens cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 3 4.5 0 0 18.04

62 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 6.8 0 0 0 0 0 0 0 0 10.66

62 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 5.13 6.84 8.55 0 0 0 18.81 18.81 11.97 6.84 138.79

62 Annual forb ncaf 1 0.4 1 0.9 2.1 0 0 0 0 0 0 0 0 0 3.03

62 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 54.32 89.24 0 3.88 3.88 0 0 363.89

62 Bothriochloa laguroides cpg 0.6 0.4 1 0.9 0 0 23.28 0 0 0 0 0 27.16 7.76 139.96

62 Buchloe dactyloides cpg 0.7 0.6 1 0.9 0 0 0 0 0 0 0 3.32 0 0 10.26

62 Chamaecrista fasciculata caf 1 0.4 1 0.9 0 0 11 0 0 0 0 0 4 0 21.64

62 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 1.1 0 0 2.65

62 Diodia virginiana ncaf 0.9 0.4 1 0.9 14 14 0 0 0 1.75 15.75 3.5 3.5 12.25 103.81

62 Eryngium leavenworthii ncaf 0.5 0.2 1 0.9 0 0 0 0 0 0 0 26.04 0 0 37.57

62 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 210.63 0 5.015 0 0 0 0 0 324.11

62 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 15.2 0 0 0 23.50

62 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0.835 0 5.01 0 0 0 0 0 0 6.73

62 Nassella leucotricha cpg 0.85 0.7 1 0.9 0.965 0 0 0 0.965 0 0 0 0 0 5.73

62 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 1.335 0 0 2.67 0 0 8.67

62 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 0 0 0 0 0 2.35 0 0 2.09

63 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0.388 58.2 19.4 38.8 31.04 11.64 0 0 383.48

63 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 0 5.88 15.91

63 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 0 0 3.5 1.75 8.42

63 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 0 0 0 1.9 2.94

63 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 1.065 10.65 0.639 10.65 10.65 0 0 14.91 0 0 95.55

63 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0 0 0 0 33.04 0 119.18

64 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 0 0 0.068 0 0 0.11

64 Annual forb ncaf 1 0.4 1 0.9 4.2 0 0 0 0 0 0 0 0 0 6.06

64 Annual forb ncaf 1 0.4 1 0.9 0 0.21 0 0 0 0 0 0 0 0 0.30

64 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 19.4 34.92 31.04 58.2 0 27.16 19.4 0 54.32 38.8 681.13

64 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 0 7.84 0 21.21

64 Bouteloua hirsuta cpg 0.6 0.45 1 0.9 0 0 0 0 13.37 9.55 0 0 0 0 62.01

64 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0.055 0 0 0 0 0 0 0 0.13

64 Diodia virginiana ncaf 0.9 0.4 1 0.9 3.5 0.4375 0.35 0 3.5 0.875 0.875 1.75 1.75 5.25 29.32

64 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 0 0 0 5.015 0 0 0 7.54

64 Iva angustifolia ncaf 0.35 0.15 1 0.9 3.8 0 0 0 0 0 0 0 3.8 0 11.75

64 Liatris punctata ncpf 0.38 0.2 1 0.9 0 0 0.1645 6.58 0 1.645 0 9.87 0 3.29 40.91

64 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0.334 0 0 0 0.38

64 Phyla nodiflora cpf 0.84 0.2 1 0.9 85.54 0 0 0 0 0 0 0 0 0 73.47

64 Plantago sp caf 1 0.7 1 0.9 0 0 0 0 0 0 1 0 0 0 2.53

64 Rudbeckia fulgida ncpf 0.2 0.15 1 0.9 1.59 0 0 0 0 0 0 0 0 0 4.30

64 Salvia texana ncpf 1 0.6 1 0.9 0 0 16.02 0 0 0 0 0 0 0 34.67

64 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 0 0 38.34 0 0 75.44



65 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 0 0.34 0 0 0 0.53

65 Annual forb ncaf 1 0.4 1 0.9 0.21 0 0 0 0 0 0 0 0 0 0.30

65 Annual forb ncaf 1 0.4 1 0.9 0 4.2 6.3 10.5 0 0 0 12.6 12.6 6.3 75.75

65 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 3.88 7.76 0.776 0 0 0 0 27.16 95.17

65 Bouteloua hirsuta cpg 0.6 0.45 1 0.9 0 0.382 0 0 0 0 0 0 0 0 1.03

65 Croton texensis ncaf 0.3 0.2 1 0.9 0.11 0 0 0.11 0 0.11 0 0 0.55 0.11 2.38

65 Diodia virginiana ncaf 0.9 0.4 1 0.9 0.175 0.175 3.5 5.25 0.875 1.75 0.35 3.5 1.75 0 27.78

65 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 10.03 0 0 0 0 0 0 5.015 0 0 22.61

65 Iva angustifolia ncaf 0.35 0.15 1 0.9 5.7 0 0 0.95 0 0.38 0 1.9 3.8 0.95 21.15

65 Liatris punctata ncpf 0.38 0.2 1 0.9 0 6.58 0 0 0 0.329 0 0 0 0 13.12

65 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 0 0 0 0.167 0 0 0 0.19

65 Ruellia nudifloa cpf 0.6 0.3 1 0.9 0 0 0 0 0 0.1 0 0 0 0 0.18

65 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 8.52 0 0 0 0 1.065 18.86

65 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 20.65 8.26 0 0 0 8.26 0.413 0 0 0 135.57

66 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 0 0 1.7 3.4 0 8.00

66 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 59.85 3.42 0 5.13 46.17 0 11.97 35.91 167.58 0 595.24

66 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 19.4 0 0 0 46.56 0 0 0 0 0 158.62

66 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 0 0 0 0 0 1.1 0 0 2.65

66 Elymus virginicus cpg 0.95 0.6 1 0.9 0 0 0 0 0 0 0 0 2 0 4.56

66 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 68.2 88.66 0 0 10.23 0 30.69 0 0 0 611.51

66 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 661.98 0 0 0 0 0 0 0 0 994.95

66 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 3.8 5.7 13.3 53.2 34.2 0 13.3 0 190.92

66 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0 3.34 0 0 1.67 0 3.34 0 9.61

66 Monarda citriodora ncaf 0.98 0.6 1 0.9 2.94 0 0 0 0 0 0 0 0 0 6.49

66 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 0 15.44 0 7.72 0 0 7.72 0 91.73

66 Phyla nodiflora cpf 0.84 0.2 1 0.9 9.87 6.58 115.15 36.19 0 0 0 0 0 0 144.11

66 Salvia texana ncpf 1 0.6 1 0.9 0 0 0 0 0 0 0 0 0 18.69 40.45

66 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 0 0 0 0 19.17 37.72

66 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 4.13 12.39 0 0 0 20.65 20.65 45.43 0 0 372.44

67 Aristida purpurea cpg 0.7 0.6 1 0.9 0 0 0 0 0 0 0.502 0 7.53 0 24.83

67 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 3.88 0 19.4 1.164 0 0 0 0 58.78

67 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 3.92 0.392 0 0 0 0 0 0 0 0 11.67

67 Carex charokeensis cpg 0.5 0.45 1 0.9 0 0 0 0.725 0 0 0 0 0 0 2.35

67 Centaurium beyrichii ncaf 1 0.5 1 0.9 0 0.03 0.075 0 0 0 0 0 0 0 0.19

67 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0.38 0 0 0.19 0 0.88

67 Panicum obtusum cpg 0.55 0.4 1 0.9 0 0 0 0 0 0 0.663 11.05 0 0 30.73

68 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 0 0 0 0 6.84 0 0 3.42 29.07 70.93

68 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0 0 0 0 62.08 31.04 31.04 0 0 0 298.58

68 Carex charokeensis cpg 0.5 0.45 1 0.9 13.05 11.6 0 0 0 0 0 0 0 0 80.02

68 Croton texensis ncaf 0.3 0.2 1 0.9 0.55 0 0 9.9 0 0 0 2.2 0 0 30.42

68 Dichanthelium oligosanthes cpg 0.5 0.45 1 0.9 0 0 0 0 0 0 0 3.4 0.85 0 13.80

68 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 3.8 0 83.6 11.4 7.6 164.49

68 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 0 0 30.88 0 0 0 0 0 0 91.73

68 Paspalum dilitatum cpg 0.6 0.45 1 0.9 0 0 0 0 0 0 0 5 0 0 13.53

68 Sporobolus heterolepis cpg 0.6 0.6 1 0.9 0 0 0 0 0 0 0 0 0 8.26 29.80

69 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 0 20.52 0 0 0 0 0 0 0 6.84 49.35

69 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 7.76 15.52 7.76 42.68 0 0 0 0 0 46.56 289.25

69 Bouteloua curtipendula cpg 0.6 0.45 1 0.9 0 0 0 0 11.76 0 0 0 0 0 31.82

69 Chamaecrista fasciculata caf 1 0.4 1 0.9 0 0 0 0 0 0 0 0 0 8 11.54

69 Croton texensis ncaf 0.3 0.2 1 0.9 0 0 1.1 0 0 2.2 0 0 0 0 7.94

69 Diodia virginiana ncaf 0.9 0.4 1 0.9 7 24.5 14 0 0 10.5 0 5.25 0 21 131.86

69 Euphorbia bicolor ncaf 0.7 0.6 1 0.9 0 0 0 30.69 0 0 0 0 0 0 94.89

69 Gaillardia pulchella ncaf 0.93 0.6 1 0.9 0 0 0 0 0 2.95 0 0 0 0 6.87

69 Grindelia squarrosa ncaf 0.48 0.2 1 0.9 0 0 0 30.09 0 110.33 0 0 0 0 211.05

69 Gutierrezia sarothrae ncaf 1 0.4 1 0.9 5.04 0 0 0 0 0 0 0 0 0 7.27

69 Iva angustifolia ncaf 0.35 0.15 1 0.9 0 0 0 0 0 0 30.4 28.5 36.1 0 146.86

69 Liatris punctata ncpf 0.38 0.2 1 0.9 9.87 0 0 16.45 0 0 0 0 0 0 49.97

69 Mimosa microphylla cpf 0.94 0.3 1 0.9 6.68 0 0 0 0 0 0 0 0 0 7.69

69 Nassella leucotricha cpg 0.85 0.7 1 0.9 9.65 0 0 0 0 1.93 55.97 61.76 50.18 0 533.19

69 Panicum virgatum cpg 0.55 0.4 1 0.9 0 0 0 0 0 0 0 0 6.63 0 17.39

69 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 6.39 0 0 0 0 0 44.73 0 8.52 0 117.34

69 Sida spp. ncpf 0.81 0.2 1 0.9 0 0 4.7 0 0 0 0 0 0 0 4.19

70 Ambrosia psilostachya ncpf 0.46 0.2 1 0.9 0 0 0 0 0 0 0 0 6.8 0 10.66

70 Amphiachyris dracunculoides ncaf 0.8 0.4 1 0.9 13.68 0 3.42 22.23 0 22.23 0 0 0 3.42 117.20



70 Bothriochloa ischaemum cpg 0.6 0.4 1 0.9 0.388 19.4 11.64 23.28 104.76 31.04 19.4 0 0 0 504.78

70 Bothriochloa laguroides cpg 0.6 0.4 1 0.9 0 0 0 0 0 0 0 0 11.64 0 27.99

70 Diodia virginiana ncaf 0.9 0.4 1 0.9 0 0 0 0 0 0 0 10.5 0 0 16.83

70 Iva angustifolia ncaf 0.35 0.15 1 0.9 7.6 17.1 15.2 0 0 0 0 0 9.5 24.7 114.55

70 Mimosa microphylla cpf 0.94 0.3 1 0.9 0 0 0.167 0 0 0 0 0 0 0 0.19

70 Nassella leucotricha cpg 0.85 0.7 1 0.9 0 5.79 0 0 0 0 0 11.58 3.86 0 63.07

70 Schizachyrium scoparium cpg 0.55 0.3 1 0.9 0 0 0 0 0 0 0 0 0 6.39 12.57
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Table 2.12 Biomass summary table for each sample location showing total production, total consumable biomass, and 

non-consumable biomass in lbs. per acre per year 

Sample 
Location 

Total Annual 
Production 

Consumable 
Biomass 

Non-Consumable 
Biomass 

    

1 76.68 31.49 45.19     

2 1686.08 1320.31 365.78     

3 2032.49 1601.34 431.15     

4 367.20 174.27 192.93     

5 206.60 97.17 109.42     

6 1942.55 1124.56 818.00     

7 397.43 160.96 236.47     

8 437.37 256.96 180.41     

9 649.55 358.87 290.68     

10 128.11 124.35 3.76     

11 840.46 831.44 9.02     

12 287.75 243.56 43.88     

13 195.08 92.38 102.71     

14 1293.18 1083.30 209.88     

15 321.62 130.00 191.62     

16 3177.07 1542.90 1634.17     

17 2034.38 1670.17 364.20     

18 1777.33 896.30 881.02     

19 464.64 277.63 187.01     

20 30.23 30.23 0.00     

21 85.06 65.96 19.10     

22 2240.20 1297.43 942.77     

23 1211.82 1101.64 110.18     

24 2334.52 1744.73 589.78     

25 225.13 137.26 87.87     

26 157.94 77.01 80.92     

27 947.95 885.82 62.13     

28 1051.98 578.37 473.61     

29 1925.07 1393.61 531.46     

30 1473.63 774.52 699.12     

31 1113.87 745.28 368.59     

32 239.21 189.79 49.42     

33 223.66 186.59 37.06     

34 214.87 174.94 39.93     

35 176.06 156.23 19.84     

36 389.50 287.72 101.78     

37 283.51 141.86 141.66     



 

 

Sample 
Location 

Total Annual 
Production 

Consumable 
Biomass 

Non-Consumable 
Biomass     

38 194.76 107.81 86.94     

39 3649.19 2946.79 702.40     

40 164.56 149.41 15.15     

41 744.87 505.66 239.21     

42 555.42 506.47 48.96     

43 1217.45 1028.25 189.20     

44 1409.32 1044.93 364.39     

45 1784.07 1028.24 755.83     

46 1632.69 1404.73 227.95     

47 2903.96 781.82 2122.14     

48 2252.05 1027.11 1224.94     

49 532.35 389.95 142.40     

50 460.17 443.20 16.97     

51 658.59 341.18 317.40     

52 251.14 60.29 190.84     

53 88.09 49.31 38.78     

54 800.43 737.45 62.97     

55 728.51 415.24 313.27     

56 490.21 367.55 122.67     

57 855.18 709.52 145.66     

58 657.91 457.48 200.42     

59 104.04 46.99 57.05     

60 2277.64 1391.97 885.68     

61 1532.22 865.42 666.81     

62 1203.09 548.22 654.87     

63 625.48 614.12 11.35     

64 1051.25 916.16 135.09     

65 414.62 251.00 163.62     

66 3268.98 818.78 2450.20     

67 129.43 128.36 1.07     

68 793.30 527.45 265.84     

69 1718.46 1008.23 710.24     

70 867.85 608.60 259.25     
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Table 2.13. Table of stocking rates in Animal Units per year for each of the grazing thresholds by grazing 

management unit. 

*Cells highlighted in green were selected for the Option 4 Combination Strategy for each GMU 

Option 1: Harvest Efficiency: 25% harvest efficiency using only grazeable acres 

Option 2: Maintenance Threshold: Establishing a 750 lb./ac or greater threshold for residual biomass using 

only grazeable acres 

Option 3: Conservation Threshold:  Establishing a 1000 lb./ac or greater threshold for residual biomass 

using only grazeable acres 

Option 4: Combination Strategy: Rate based on physical characteristics and use of the GMU using an 

approach where the most appropriate of Option 1, 2, & 3 and the option to defer, if ecological trend is 

predicted to be declining or erosion is predicted to be excessive. The specific strategy selected is based 

on best management strategies considering the condition of the range, other land uses, and potential for 

conflicts with training activities. A limit of 750 AUs is established in the Live Fire Area 

 

Assumptions for biomass loss due to training and grazing management plan by management units are as 

follows: 

• Western Maneuver Area - South: 15% reduction - Maintenance Threshold  

• North Fort Hood: 10% reduction - Harvest Efficiency 

• Western Maneuver Area - North: 40% reduction - Conservation Threshold  

• Eastern Training Area – North: 10% reduction - Harvest Efficiency  

• Eastern Training Area – South: 10% reduction - Harvest Efficiency  

• West Fort Hood – South: 10% reduction - Harvest Efficiency  

• West Fort Hood – North West: 10% reduction - Harvest Efficiency  

• West Fort Hood – North East: 10% reduction - Harvest Efficiency 

GMU Option 1 (AU) Option 2 (AU) Option 3 (AU) Option 4 (AU) 

Western Maneuver Area - South 236.8 106.8 94.7 106.8 

North Fort Hood 9 0 0 9 

Western Maneuver Area - North 748.6 277.6 84.9 84.9 

Eastern Training Area – North 293 105.1 43.2 293 

Eastern Training Area – South 119.8 41.4 27 119.8 

West Fort Hood – South 100.6 29.6 8.5 100.6 

West Fort Hood – North West 67.1 37.4 2.5 67.1 

West Fort Hood – North East 11.8 2.7 0 11.8 

Total 1586.7 600.7 260.8 793 

Live Fire Area Stocking Rate 750 

Grand Total 1543 
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Table 3.14. Table of parameters used to calculate soil loss in each of the sample locations 
  

Sample 

location 
Kw LS Factor R P C 25% HE C 1000 res C 750 res 

1 0.32 0.179 240 1 0.220553113 0.218058102 0.218058102 

2 0.32 0.2182 240 1 0.09832433 0.047997156 0.04458111 

3 0.32 0.6319 240 1 0.06669264 0.10954529 0.114727165 

4 0.15 0.5497 240 1 0.130724943 0.121048411 0.121048411 

5 0.32 0.135 240 1 0.197561429 0.190412183 0.190412183 

6 0.17 0.179 240 1 0.095675379 0.295284106 0.261115228 

7 0.32 0.179 240 1 0.260600301 0.246705244 0.246705244 

8 0.32 0.135 240 1 0.041472111 0.03841103 0.03841103 

9 0.17 0.2096 240 1 0.03621736 0.035737603 0.035737603 

10 0.17 0.3322 240 1 0.240231525 0.22996399 0.22996399 

11 0.17 0.3322 240 1 0.16931481 0.115883224 0.373388865 

12 0.17 0.2096 240 1 0.26680928 0.245663083 0.245663083 

13 0.24 0.01 240 1 0.285650879 0.277183277 0.277183277 

14 0.32 0.179 240 1 0.076590589 0.223670444 0.191744399 

15 0.15 0.9482 240 1 0.038628161 0.037460793 0.037460793 

16 0.32 0.135 240 1 0.066183777 0.114102202 0.116339622 

17 0.32 0.135 240 1 0.081958225 0.064520864 0.070114954 

18 0.32 0.179 240 1 0.043802496 0.100612102 0.052878462 

19 0.32 0.135 240 1 0.066549225 0.058184048 0.058184048 

20 0.32 0.179 240 1 0.340094427 0.337018257 0.337018257 

21 0.15 0.5497 240 1 0.22533593 0.220060783 0.220060783 

22 0.32 0.2182 240 1 0.065615607 0.081298938 0.081298938 

23 0.17 0.3322 240 1 0.068245005 0.099746034 0.082453746 

24 0.32 0.179 240 1 0.096937696 0.048972892 0.054708237 

25 0.17 0.3322 240 1 0.120580724 0.113345182 0.113345182 

26 0.17 0.3322 240 1 0.20706713 0.201222095 0.201222095 

27 0.15 0.9482 240 1 0.084890224 0.158219803 0.035651749 

28 0.17 0.157 240 1 0.095067602 0.071858144 0.071858144 

29 0.28 0.536 240 1 0.06814519 0.10026662 0.095362743 

30 0.28 0.536 240 1 0.046207625 0.065266112 0.133643518 

31 0.17 0.3322 240 1 0.15437407 0.111638187 0.15437407 

32 0.17 0.157 240 1 0.086349111 0.07875514 0.07875514 

33 0.32 0.179 240 1 0.143157279 0.132142032 0.132142032 

34 0.32 0.179 240 1 0.091359568 0.083986134 0.083986134 

35 0.32 0.179 240 1 0.18393487 0.173019472 0.173019472 

36 0.17 0.157 240 1 0.122907681 0.107899714 0.107899714 



 

 

37 0.15 0.5497 240 1 0.165968772 0.156671656 0.156671656 

38 0.28 0.536 240 1 0.256991358 0.247711533 0.247711533 

39 0.17 0.157 240 1 0.167683912 0.232964108 0.149282037 

40 0.32 0.179 240 1 0.156714112 0.147292467 0.147292467 

41 0.32 0.179 240 1 0.036891228 0.035782698 0.035782698 

42 0.28 0.2983 240 1 0.07118541 0.055724143 0.055724143 

44 0.32 0.135 240 1 0.079466506 0.236220402 0.200305938 

45 0.32 0.1643 240 1 0.080159998 0.239107088 0.201662429 

46 0.15 0.01 240 1 0.135281648 0.035995532 0.035745663 

47 0.17 0.179 240 1 0.173507363 0.120104792 0.374671447 

48 0.17 0.157 240 1 0.112238326 0.082624897 0.082624897 

49 0.17 0.157 240 1 0.200463848 0.172491144 0.172491144 

50 0.32 0.179 240 1 0.228317321 0.194024654 0.194024654 

51 0.32 0.179 240 1 0.036084634 0.035764405 0.035764405 

52 0.17 0.157 240 1 0.35610859 0.349828585 0.349828585 

53 0.17 0.157 240 1 0.230797373 0.226789999 0.226789999 

54 0.17 0.3322 240 1 0.035727809 0.039173593 0.039173593 

55 0.17 0.3322 240 1 0.215694702 0.184588885 0.184588885 

56 0.17 0.3322 240 1 0.204457028 0.177688668 0.177688668 

57 0.15 0.01 240 1 0.110586647 0.078975491 0.078975491 

58 0.32 0.135 240 1 0.037655818 0.035656201 0.037655818 

59 0.17 0.157 240 1 0.205703567 0.202139489 0.202139489 

60 0.32 0.179 240 1 0.067865838 0.092917818 0.092917818 

61 0.28 0.536 240 1 0.078132671 0.071571273 0.216110109 

62 0.17 0.3322 240 1 0.212085002 0.172074248 0.172074248 

63 0.32 0.179 240 1 0.063800781 0.047971779 0.047971779 

64 0.17 0.157 240 1 0.113088527 0.084819308 0.084819308 

65 0.17 0.157 240 1 0.247703675 0.226869434 0.226869434 

66 0.32 0.179 240 1 0.054914417 0.065777184 0.16038447 

67 0.15 0.9482 240 1 0.041864588 0.040134304 0.040134304 

68 0.15 0.9842 240 1 0.042613111 0.053129635 0.053129635 

69 0.17 0.179 240 1 0.114070711 0.350990142 0.301993713 

70 0.17 0.157 240 1 0.21316565 0.168917377 0.168917377 
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Table 3.15a. Erosion analysis sediment yield data (tons/acre) after removing biomass loss due to training 

Sampling 
Location 

Soil 
Sediment Yield with 

25% Harvest 
Efficiency 

Sediment Yield with 
750 lbs./acre 

Residue 

Sediment Yield with 
1000 lbs./acre 

Residue 
 

1 Doss 3.03 3.00 3.00  

2 Topsey 1.65 0.75 0.80  

3 Evant 3.24 5.57 5.32  

4 Real 2.59 2.40 2.40  

5 Krum 2.05 1.97 1.97  

6 Brackett 0.70 1.91 2.16  

7 Doss 3.58 3.39 3.39  

8 Krum 0.43 0.40 0.40  

9 Brackett 0.31 0.31 0.31  

10 Brackett 3.26 3.12 3.12  

11 Brackett 2.29 5.06 1.57  

12 Brackett 2.28 2.10 2.10  

13 Bastsil 0.16 0.16 0.16  

14 Doss 1.05 2.64 3.07  

15 Eckrant 1.32 1.28 1.28  

16 Krum 0.69 1.21 1.18  

17 Krum 0.85 0.73 0.67  

18 Slidell 0.60 0.73 1.38  

19 Krum 0.69 0.60 0.60  

20 Doss 4.68 4.63 4.63  

21 Real 4.46 4.35 4.35  

22 Topsey 1.10 1.36 1.36  

23 Brackett 0.92 1.12 1.35  

24 Slidell 1.33 0.75 0.67  

25 Brackett 1.63 1.54 1.54  

26 Brackett 2.81 2.73 2.73  

27 Eckrant 2.90 1.22 5.40  

28 Nuff 0.61 0.46 0.46  

29 Cho 2.45 3.43 3.61  

30 Cho 1.66 4.81 2.35  

31 Brackett 2.09 2.09 1.51  

32 Nuff 0.55 0.50 0.50  

33 Slidell 1.97 1.82 1.82  

34 Doss 1.26 1.15 1.15  



 

 

Sampling 

Location 
Soil 

Sediment Yield with 
25% Harvest 

Efficiency 

Sediment Yield with 
750 lbs./acre 

Residue 

Sediment Yield with 
1000 lbs./acre 

Residue  

35 Doss 2.53 2.38 2.38  

36 Nuff 0.79 0.69 0.69  

37 Real 3.28 3.10 3.10  

38 Cho 9.26 8.92 8.92  

39 Nuff 1.07 0.96 1.49  

40 Doss 2.15 2.02 2.02  

41 Doss 0.51 0.49 0.49  

42 Bosque 1.43 1.12 1.12  

44 Krum 0.82 2.08 2.45  

45 Doss 1.01 2.54 3.02  

46 Real 0.05 0.01 0.01  

47 Brackett 1.27 2.74 0.88  

48 Nuff 0.72 0.53 0.53  

49 Nuff 1.28 1.10 1.10  

50 Doss 3.14 2.67 2.67  

51 Slidell 0.50 0.49 0.49  

52 Nuff 2.28 2.24 2.24  

53 Nuff 1.48 1.45 1.45  

54 Brackett 0.48 0.53 0.53  

55 Brackett 2.92 2.50 2.50  

56 Brackett 2.77 2.41 2.41  

57 Real 0.04 0.03 0.03  

58 Krum 0.39 0.39 0.37  

59 Nuff 1.32 1.29 1.29  

60 Slidell 0.93 1.28 1.28  

61 Cho 2.81 7.78 2.58  

62 Brackett 2.87 2.33 2.33  

63 Slidell 0.88 0.66 0.66  

64 Nuff 0.72 0.54 0.54  

65 Nuff 1.59 1.45 1.45  

66 Doss 0.75 2.20 0.90  

67 Eckrant 1.43 1.37 1.37  

68 Eckrant 1.51 1.88 1.88  

69 Brackett 0.83 2.21 2.56  

70 Nuff 1.37 1.08 1.08  
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Table 3.15b. Sediment yield (tons/acre) by grazing management unit under three grazing options  

  Sediment Yield (tons/acre) 
Acceptable Soil Loss 

(tons/acre) 

GMU 
25% Harvest 

Efficiency 

750 lbs. 

Residual 

1000 lbs. 

Residual 
T Value 

Western Maneuver Area - North 1.99 1.93 2.33 3.09 

North Fort Hood 0.16 0.16 0.16 5.00 

Western Maneuver Area - South 2.11 1.98 2.00 2.79 

Eastern Training Area – North 1.60 1.91 1.94 2.00 

Eastern Training Area – South 3.53 3.56 3.51 3.71 

West Fort Hood – North West 0.96 2.41 2.85 3.50 

West Fort Hood – North East 1.40 1.40 1.45 2.00 

West Fort Hood – South 1.54 1.63 1.40 2.00 
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THE VEGETATION SURVEYS 

 

INTRODUCTION 

 

The Center for Grazinglands and Ranch Management (CGRM) at Texas A&M 

University implemented a contract via CERL on behalf of Ft. Hood Directorate of Public 

Works (DPW) and the Central Texas Cattleman’s Association (CTCA) to produce an 

inventory of forage resources. The process involved on-the-ground studies of 131 

predetermined points on Ft. Hood used in 2004 by a survey conducted by CGRM. The 

131 points in the 2004 survey included 114 points established in 2002 by USDA NRCS 

in a similar inventory in addition to points added in the Live Fire Area and adjustments to 

reduce points in areas determined to be adequately represented with fewer points. During 

the current 2005 survey, adjustments were made also on several points that were agreed 

to be unrepresentative. The GPS coordinates for the points are shown in Appendix A and 

the locations plotted on the map in Appendix B. 

 

The current inventory was accomplished with teams formed under the leadership of Dr. 

Bob Blaisdell and utilizing Texas A&M University graduate students from the 

Department of Rangeland Ecology and Management, as well as four Gatesville High 

School student members of the 4-H Grass Judging Team. One of the graduate students 

and three of the high school students participated in the 2004 survey. Initial field work 

was completed on July 14, 2005, however, this time was extended by the decision to 

resurvey five points, three of which were agreed by representatives of DPW and CTCA 

to be unrepresentative. Two additional points were moved during the initial survey due to 

ongoing or recent heavy tank disturbance.  The new coordinates and explanations for any 

changes from the 2004 coordinates are documented in the footnotes of Appendix A. 

 

In order to provide efficient access to survey point locations, members of the CTCA 

familiar with the area served as guides to the teams. Ms. Laura Sanchez, Ft. Hood 

Directorate of Public Works, worked with teams during the surveys for a second year. 

Ms. Sanchez’ assistance in plant identification and the assistance of the cattleman guides 

are acknowledged and appreciated. Assistance of Messrs. Steve Burrow and Tim 

Buchanan in furnishing information needed to accomplish the surveys is recognized and 

appreciated, as is the cooperation of NRCS personnel. We also appreciate the repeat 

opportunity for our students to have an educational experience on Ft. Hood. 

 

 

PROCEDURES 

 

An effort was made to follow as closely as practical the same procedures used by NRCS 

to conduct the 2002 vegetation survey and by CGRM in conducting the 2004 vegetation 

survey. This included use of procedures for double sampling contained in Chapter 4 of 

the National Range and Pasture Handbook.  At each sampling point, GPS coordinates 

were recorded and a 200 ft. tape was stretched in a north direction using a hand-held 

Appendix%20A.%20Site%20Coordinates%202005.doc
Appendix%20B.%20%20Map%20of%20Vegetation%20Transects.jpg
Appendix%20A.%20Site%20Coordinates%202005.doc


compass to identify a transect (line) for sampling. Beginning at 20 ft. on the tape and at 

each 20 ft. interval to the end, a .25 sq. meter sampling plot was placed on alternating 

sides of the tape. A double sampling procedure was used in which plants present on the 

sites were identified, harvested and weighed in grams to determine appropriate weight 

units for each species. The weight units were then used to estimate the weight of each 

plant species (in grams) contained within the plots. Weights for plants in all 10 plots were 

estimated and then two plots were completely harvested, weighed and recorded to serve 

as a basis for evaluating estimated weights. A photo was taken to show an average view 

of the vegetation at close range (approximately 5 feet above ground). A second photo was 

taken to show a landscape view. The number of transects within each management unit is 

presented in Table 1.   

 

Estimates for percent air dry material are based on NRCS guidelines presented in the 

National Range and Pasture Handbook (Exhibit 4-2).  A conversion factor (0.8652) based 

on a comparison of over 400 air dry to oven dry plants was used to convert air dry 

estimated weights to oven dry weight. Samples from the clippings were taken from each 

of the transects and allowed to air dry.  These samples were then placed  in a drying oven 

at 65º C for 72 hours to obtain a dry weight.  The factor is the percent of air dry weight 

that is oven dry weight. There was 13.48% moisture in the air dry samples.  Present 

current growth estimates are based on knowledge of  individual species growth habits in 

relation to the time of sampling.  Consideration was given to the observation that the 

development of many warm season grasses had been inhibited by an unusually dry 

spring.  Weight in grams from the 0.25 sq. meter plots was corrected to pounds per acre. 

The average weight of the harvested plots from transects was used to derive a correlation 

coefficient for evaluating the accuracy of estimated weights (Figure 1). Our decision was 

to accept an r2 value of 0.8 or higher as being adequate to not require correction of the 

estimated data.  Categories of plants, for example, consumable annual forbs (caf), non-

consumable annual forbs (ncaf), consumable annual grasses (cag) are identified in the 

data presented herein (Appendix D). All data was entered into an Access database.   SQL  

statements for calculating pounds per acre for individual species and summary biomass 

calculations for total perennial biomass and total consumable biomass are present at the 

end of their respective tables (Appendix D and  Appendix E).  

 

 

DATA PRESENTATION 

 

The data presented in Table 2  is derived from four options for expressing animal units 

(AU) for the individual management units and for the entire area of the Fort considered in 

the survey.  All AU values are based solely on consumable perennial vegetation 

identified in the survey.  An AU is considered an average forage requirement of 26 

pounds of dry matter (oven-dry) per day or 9490 pounds of dry matter per year The final 

report for the 2002 survey that was available to us had 4 options for expressing AU. Two 

of these options involved establishment of minimum residue thresholds. One threshold 

was 750 pounds per acre and was referred to as the “maintenance threshold” and the 

other was1000 pounds per acre, referred to as the “conservation threshold”. We 

reconstructed the AU for the four options  based on the following procedures. 

Table%201.%20Transects%20by%20Management%20Unit.doc
Figure%201,%20Clipped%20vs.%20Estimated%20Weights%20.doc
Appendix%20D.%20Vegetation%20Survey%20Data.xls
Appendix%20D.%20Vegetation%20Survey%20Data.xls
Appendix%20E.%20Biomass%20Summary%20Table.xls
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Option 1 is the consumable perennial forage for the total land area in each management 

unit using 25% harvest efficiency for each sampling point and expressed as AU. Option 2 

is the consumable perennial forage for the predetermined grazeable acres (data furnished 

by NRCS and DPW) in each management unit using a 25% harvest efficiency expressed 

in AU. Option 3 is based on 1000 pounds per acre threshold residue amount and was 

calculated based on the consumable perennial forage for the grazeable acres in each 

management unit as follows. If the forage was >2000 pounds per acre, 25% harvest 

efficiency was used to determine the AU. If the forage was between 1500 and 2000 

pounds per acre, the threshold amount of 1000 pounds per acre was subtracted and 50% 

harvest efficiency was used on the remainder to determine the AU. If the forage was 

<1000 pounds per acre, 0 AU were determined. Option 4 is based on 750 pounds per acre 

threshold residue amount and was calculated based on the consumable perennial forage 

for the grazeable acres in each management unit as follows. If forage was >1500 pounds 

per acre, a 25% harvest efficiency was applied to determine the AU. If the forage was 

between 750 pounds and 1500 pounds per acre, the threshold amount of 750 pounds per 

acre was subtracted and a harvest efficiency of 50% was used on the remainder to 

determine the AU. If there was <750 pounds per acre, 0 AU were determined.  Table 2  

presents the total animal units allowed per year for each management unit under the 

management plan selected for that unit. The acres used in calculating animal unit values 

for each survey point are given in Appendix C.  When more than one survey point fell 

within the same ecosite, the sites were averaged together.  Averaged sites are listed at the 

end of Appendix C. 

 

ADDITIONAL DATA PROVIDED 

 

A subjective assessment was made at each sampling point of the 17 factors associated 

with rangeland health put forth in Chapter 4 of the National Range and Pasture 

Handbook, section C. The values (indicator scores) for each sampling point can be found 

in Appendix F, Rangeland Health, and a summary of scores is presented in Table 3. 

 

THE RUSLE COMPONENT 

 

DESCRIPTION OF THE RUSLE PROCEDURES: 

 

The Center for Grazinglands and Ranch Management agreed to enter data into the 

RUSLE model from the vegetation surveys recently completed on Ft. Hood as part of the 

contract via CERL on behalf of the Ft. Hood Directorate of Public Works and the Central 

Texas Cattleman’s Association. Soil parameters (K values, T value, Hydrologic group, 

and texture) were extracted from the SSURGO databases for the soils at the transect 

points as identified in the Vegetation Monitoring Points shapefile provided by Fort Hood. 

For new transects, soils were identified by intersecting the new monitoring points layer 

with the SSURGO map unit layer in the GIS. The parameters for the soil identified by 

this technique were used in the RUSLE analysis for each of the new points. 
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For the slope factors in the RUSLE model, slope for each of the monitoring points was 

determined using the slope coverage for Fort Hood by intersecting the slope grid with the 

vegetation monitoring points in the GIS. The slope length for all monitoring points was 

set to a fixed value of 100 feet. 

 

Vegetation parameters (biomass, fall height, litter, and canopy cover) were values derived 

from field collected data for Total Perennial Biomass and Perennial Consumable Biomass 

during the June-July 2005 vegetation survey. Biomass calculations for input into RUSLE 

were calculated the same way as described in the 2003 Supplemental Environmental 

Assessment for Grazing at Fort Hood. Deductions were made in consumable perennial 

biomass due to training losses as follows: Western Maneuver Area (North) 40%; Western 

Maneuver Area (South) 30%; Eastern Training Area (North) 15%;  Eastern Training Area 

(South) 10%;West Ft. Hood (North and South) 10%; North Ft. Hood, 10% (see Table 2).  

Canopy cover values were estimated using a regression developed from a subset of the 

monitoring points where canopy cover was recorded. 

 

These parameters were entered into the RUSLE model and the erosion sediment yield 

was recorded for each transect point (Table 6). Input parameters and output sediment 

yield by management unit can be seen in Appendix G and Table 4, respectively. 

 

To determine weighted averages of erosion for each management unit, the erosion 

sediment yield as produced by RUSLE was assigned to the ecological sites in the same 

way as biomass was assigned for the AU analysis (i.e., each monitoring point is assigned 

to one or more areas within a management unit that are the same ecological site) for each 

of the AU options.  The sediment yield across ecological sites is then averaged within a 

management unit using the acres of the ecological site as a weighting factor. Therefore, 

the erosion estimates are weighted according to the area they represent within the 

management unit. 

 

The T values (acceptable soil loss in tons/acre) were weighted in the same way within 

management units. The erosion estimates can then be compared to the weighted T values 

to determine significance of erosion. If the weighted average of the erosion estimate for a 

management unit is greater than the weighted average for the T value within a 

management unit, then erosion is occurring at a rate that is greater than acceptable. If the 

weighted average of the erosion estimate for a management unit is less than the weighted 

average for the T value within a management unit, then erosion loss could be considered 

acceptable. 

 

Weighted averaging was conducted within an Access database. Weighted averages were 

determined for the 25% Harvest Efficiency, the 1000 pounds per acre residue and the 750 

pounds per acre residue scenarios using the grazeable acres as the weighting factor. For 

the 25% Harvest Efficiency Method for Total Acres scenario, the total acres were used as 

the weighting factor. The number of acres in each management unit are listed in Table 5. 

The SQL statement for computing the weighted averages is included with the summary 

table (Table 4).  
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DISCUSSION: 

 

There is a substantial decrease in biomass production between the 2004 and 2005 

surveys. The differences between the two early growing season periods (April – July) in 

the two years are reflective of a very unusual, if not unique, situation that produced the 

low 2005 values. The following observations are considered pertinent: 

 

• The 2004 survey was done in an unusually wet year and with enough moisture 

during the mid to late growing season to extend tillering and growth of Texas wintergrass 

and other cool season perennials and annuals. Conversely, 2005 was a unusually dry year 

during this same time period, thus delaying onset of tillers and production that was 

measured.  

 

• The predominant warm season perennial grasses on the area were also limited in 

tiller production and growth by the early season drought and competition for the limited 

moisture by annual vegetation. While the greatest impact of the dry period was only 

about 60 days, it came at a time that would have suppressed these plants more than other 

times during their growing season. 

 

• A factor of 0.9 (the “year” factor) was used for the percent of normal production 

for calculations in the 2005 data; however, in our opinion this factor underestimates the 

comparative influence of precipitation and temperature on production during the period 

of sampling in the two years. An argument could be made for further reducing the factor 

in an effort to better indicate the influence of the early extreme dry period on total annual 

production. The year factor is principally a judgment attempt to estimate the total impact 

of growing conditions through the entire production cycle of a year. To make this 

judgment at mid-year is tenuous at best. We feel we have been very conservative in the 

use of the factor. 

 

• The great difference between the two years highlights the need for basing annual 

production on a series of clippings throughout the year, at least seasonally (spring, 

summer, fall and winter), as well as protecting sample areas from grazing. This 

methodology is commonly referred to as the “paired plot” method and is recognized as 

one of the most accurate ways of determining both annual production and utilization of 

production by grazing animals. It is a relatively tedious, time consuming method, but it 

overcomes the problem of production estimates at a single point in time used to represent 

an entire year. 

 

• We want to reiterate the question concerning the use of training impact discounts 

on areas that are included in the surveys on which training losses may have already 

occurred. For example, if our survey was accomplished on an area where training had 

already significantly impacted production, then our estimates would reflect the training 

losses. Subsequent reduction from the survey production estimates would over penalize 

the stocking rate calculations. 

 



• Annual vegetation is an obvious part of the total biomass component available for 

grazing animals. While the year to year unpredictability of annual vegetation is a reason 

not to include it in management decisions directed toward improvement of range 

condition, the reality that a strong annual component of consumable biomass exists 

makes it unrealistic not to count a portion of these plants in stocking rate calculations.  

 

CONCLUSIONS 

 

We believe that the accompanying documents provide a true assessment of the vegetation 

and forage on the areas sampled on Ft. Hood at the time of the sampling. We believe also, 

that they do not represent the best information from which to derive stocking rates for the 

reason expressed in the above discussion. While we understand that Ft. Hood has mission 

responsibilities that mandate their decisions, we suggest that the following might be 

considered: 

 

• Setting a base stocking rate using an average of the available inventory 

information over a period of years that reflect different growing conditions and training 

impacts by areas. Adjust this rate at a predetermined time based on precipitation within 

each year, for example, a rule that would key off deviation from average annual 

precipitation by a specific date.  

 

• When calibration and validation of the PHYGROW forage production model now 

being conducted on Ft. Hood is complete, use the model to determine point in time 

deviation of forage production from long term average production (57 years) and the 

predictive ability of the model to look 75 days into the future to provide probabilities of 

production deviations. Utilize the model runs to make adjustments to stocking rates. 

 

• Developing a paired plot sampling system for the areas with carefully selected, 

minimal numbers of representative sampling locations and sample and move exclosures 

seasonally. Base stocking rates on accumulated annual measured production and 

utilization. 
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