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ABSTRACT
Non-native species are currently invading Big Bend National Park (BBNP). For example, feral hogs (Sus scrofa) have expanded from central Texas into the Big Bend area of West Texas and by 2000, had spread into the northern part of BBNP, damaging 12 backcountry water sources. Experience in other parks indicates that hogs will negatively impact ecosystem processes, and would likely reduce critical habitat of the federally endangered Black-capped vireo (Vireo atricapillus) and the state-listed Mexican black bear (Ursus americanus eremicus). Similarly, Nutria (Myocastor coypus), Barbary Sheep (Ammotragus lervia), and Bullfrogs (Rana catesbiana) have invaded BBNP and have already impacted critical habitat of some endangered species, including the Rio Grande mosquitofish (Gambusia gaigei). These exotic species will likely cause additional disruption to native species and natural ecosystem function. This project will: I) assess the impact of exotic species through various modeling approaches, II) develop a science-based conservation strategy, presented in the form of a written management plan for protection of park resources from exotic animal damage, and III) produce a draft environmental assessment (EA) as a component of the NPS process to fulfill National Environmental Policy Act (NEPA) requirements. This process will accomplish analysis and planning to address impacts of feral hogs, nutria, Barbary sheep, and bullfrogs.

PROBLEM STATEMENT

Exotic wildlife species are making inroads into BBNP and have the potential to significantly disrupt natural ecosystem processes that native species depend upon. National Park Service Policies (2001) require parks to protect native species and natural ecosystem function from the impacts of exotic species, and that management decisions be based upon sound science. Additionally, federal law and NPS Policy requires that plans for control of exotic animals be subjected to NEPA provisions. Existing park staffing is not adequate for in-house development of scientific analysis, plan development, and NEPA documentation. 

Four exotic animal species are of primary concern. The potential impact of each species is summarized in the following section. 

SPECIES-SPECIFIC DESCRIPTION OF EXOTIC ANIMAL CONCERNS

Feral hogs (Sus scrofa)

Feral hogs in Texas result from interbred feral domestic hogs and European wild hogs imported to South Texas during the 1930’s. Feral hogs are known competitors for mast and forage, as well as being a potential predator of deer and gamebird species (Kroll 1986). Feral hogs have been known to prey upon fawns, goat kids, lambs, quail, and turkey. Wildlife species that rely heavily on acorns and other hard and soft mast for winter food may be impacted by feral hog competition for those resources. Feral hogs negatively impact water sources, and can harbor and transmit diseases (pseudorabies, swine brucellosis) and parasites of livestock, wildlife and humans. 

In recent decades, stocking exotic species on private game ranches has resulted in rapid range expansion. During the 1990s feral hogs began encroaching into BBNP. Also, range expansion upstream along the Rio Grande is expected to reach BBNP in coming years. 

While arid conditions may limit feral hogs, Big Bend’s 350 backcountry water sources, the Rio Grande riparian zone, and the mesic Chisos Mountains woodlands provide suitable habitat.

Water source surveys through 2000 in the northern part of the Park indicated twelve of twenty-two natural spring oases in the area were impacted by hogs. Although the detrimental effects of hogs upon native ecosystems have been documented in other National Parks (Katahira et al. 1993, USDI 2002), hog impact in the Chihuahuan Desert Biome is not well documented. Preliminary assessment indicates that feeding activities occur in grasslands and arroyos with dense shrub communities, and permanent and ephemeral wetland and riparian habitats.

Impacts in BBNP caused by hogs include the trampling and removal of vegetation, extensive digging and rooting, the creation of wallows and trails, destabilization of banks and water pollution. In addition to direct impacts upon vegetation, soils, and water, secondary effects from competition and habitat degradation upon native species of all faunal groups may be severe (Kotanen 1994, Hone 1995, Ilse and Hellgren 1995).

If hog expansion remains unchecked, their impact will extend across the Park. This would result in severe habitat degradation concentrated at water sources, within relict woodlands and along the Rio Grande riparian zone. Springs are important sources of water for numerous native taxa and may harbor endemic flora and fauna. The Chisos Mountains contain the only U.S. breeding population of Mexican Black Bears, listed by the state of Texas as a threatened subspecies, and represent an important but limited habitat for a small population of the federally endangered Black-capped vireo. The Rio Grande riparian zone includes two shallow floodplain wetlands that contain the global population of the federally endangered Big Bend Mosquitofish.

Complete feral hog eradication is unlikely once a population has become established, unless the region affected can be isolated and future invasions halted. Long-term savings and ecosystem destruction may be avoided by early institution of a feral hog management program that includes control, monitoring, and cooperative outreach measures in the transition zone between the source populations and uninfested parkland.

Nutria (Myocastor coypus)
The nutria is a member of the rodent family native to South America. Nutria were introduced, both accidentally and deliberately (for fur), to waterways of the United States. As the price of their pelts fell, there was little economic incentive to continue trapping and existing populations dramatically increased. Nutria spend most of their time in or near water, are known to be destructive of wetland habitat, and may impact species such as beaver (Castor canadensis), muskrat (Ondatra zibethicus) and waterfowl. Nutria often over-harvest favored foods of native wildlife species, destroying productivity by replacing preferred plant species with less desirable species. Favored foods of the nutria include rushes, reeds, cattails, arrowhead, square-stem spike rush and sawgrass. At BBNP, removal of emergent vegetation by nutria also has the potential to impact the endangered Big Bend mosquitofish. A decrease in emergent vegetation increases water temperature fluctuations in wetlands fed by warm springs and removes essential habitat that mosquitofish rely on for forage, escape cover and shelter (R. Skiles, pers. comm.). Nutria also have the potential to impact the Mexican beaver through competition for food and burrow sites along the Rio Grande.

Barbary Sheep (Ammotragus lervia)
Barbary Sheep or Aoudad is a relatively large sheep that is native to the dry mountainous areas of northern Africa. The sheep were first brought to the United States around 1900. In 1957-58, they were released into Palo Duro Canyon, in addition to other private introductions in Texas, and the species has extended its’ range to encroach upon BBNP. Similar to the native bighorn sheep (Ovis canadensis mexicana) that are being reintroduced into Trans-Pecos Texas, including BBNP, Barbary sheep are well adapted to arid regions. It is believed that the two species could not survive together in the same area owing to interspecific competition and potential spread of disease from the exotic Barbary sheep. Barbary sheep eat grasses, forbs, shrubs, and other vegetation. Not dependent upon free water, the species can rely solely on pre-formed and metabolic water present in and derived from their food. As a result, Barbary sheep can survive for long periods without access to fresh water. There is some evidence that the Barbary sheep competes directly with mule deer (Odocoileus hemionus) and desert bighorn sheep for food and they have had a particularly deleterious impact on bighorn sheep reintroduction efforts (Davis 1997).

Bullfrogs (Rana catesbiana)

Native to the eastern United States, bullfrogs have been imported around the world as a food source. Today, bullfrogs are found across most of the lower 48 states, as well as in Mexico. Once imported, bullfrogs escape and quickly breed, laying as many as 20,000 eggs per female. The eggs hatch into tadpoles, which have voracious appetites. Growing to eight inches long, these tadpoles consume smaller native aquatic species, including fish and other tadpoles. Once mature, bullfrogs weigh up to 1.5 pounds and feed on adult native frogs, insects, crayfish, minnows, and occasionally small snakes, bats, and young birds. Bullfrogs are typically not preyed upon by other creatures because of a noxious toxin in their skin. In addition, they can move up to 1 mile a year, which contributes to their rapid spread through wetlands. As a result of the evidence that bullfrogs out-compete, prey upon and displace native amphibians and have the potential to transmit disease, it has become important to assess their potential impact, monitor their abundance and range expansion, and minimize their impact on native species in BBNP. 

OBJECTIVES

I. Assess the impact of exotic species through various modeling approaches.

II. Develop a science-based conservation strategy, presented in the form of a written management plan to guide park management in protecting resources from exotic animal impacts.

III. Produce a Draft Environmental Assessment as a component of the overall NPS task of fulfilling NEPA requirements for the plan.

DESCRIPTION OF PROPOSED ACTION

I.Assess the impact of exotic species through various modeling approaches.

The potential impacts of each invasive species will be addressed with respect to a significant natural resource within BBNP. Because the nature of each impact differs, the approach taken will also differ (Table 1). 

Table 1. Proposed assessment for a natural resource at BBNP that could be impacted by an exotic species.

	NATURAL RESOURCE
	EXOTIC SPECIES
	IMPACT ASSESSMENT

	Fresh-water spring
	Feral hog
	Geographical model of hog/spring contact

	Desert bighorn sheep
	Barbary sheep
	Population viability analysis of bighorn sheep

	Rio Grande Mosquitofish
	Nutria
	Population viability analysis of mosquitofish

	Native aquatic fauna
	Bullfrogs
	Estimate of bullfrog predation rates


For example, in the case of feral hogs the most pressing issue is their impact on water quality and biodiversity at the Park’s 350 fresh-water springs. Thus a model of geographical spread of the feral hogs and their likelihood of encountering and impacting a spring can be used to forecast hog impacts. In contrast, modeling contact zones between Barbary sheep and bighorn sheep is more difficult to address especially when patterns of habitat use and movements of both species are unknown in this region. Barbary sheep pose the greatest threat to the reintroduced population of bighorn sheep through their potential to introduce and spread disease. Rather than being amenable to a model describing movements and encounters across a landscape, it is more prudent to tackle this impact by modeling the population viability of the bighorn sheep in comparative scenarios with and without disease. In all cases, each strategy for controlling or eradicating the exotic species will be unified with a cost-benefit analysis so that the ecological impact can be assessed through economic cost. In this way both the impact to the resource and the cost of preventing such impacts can be evaluated.

Feral Hogs and Water Sources

Existing BBNP data will be used to classify and prioritize the Park’s springs (Thompson et al. 2002). Using documented coordinates of park water sources and hog distribution, a likelihood model of hog spread from current locations to other, unimpacted springs will be developed. The model will be developed from an existing model that was used to assess species endangerment at Fort Bliss Military Reservation, TX and White Sands Missle Range, NM (Boykin et al. 2001).

Hog movements will be modeled as a random, diffusion process and as directed movement dependent on the distribution of habitats that hogs are likely to use. (e.g., riparian zones). Within the confines of these two movement patterns we will then contrast control methods for limiting hog population size, such as aerial hunting vs. corral trapping (Sweitzer et al. 1997, USDI 2002). This will evaluate which control method would work best, depending on movement patterns hogs actually exhibit in the field. Field data on hog movements would then be required to determine the most appropriate control strategy.

Barbary Sheep and Desert Bighorn

Barbary sheep have shown seroconversion to bluetongue, epizootic hemorrhagic disease, and infectious bovine rhinotracheitis (Valdez in prep.) and have been diagnosed with paratuberculosis in captive settings (Bunch et al. 1999). Although these diseases are not considered major threats to bighorn sheep (Bunch et al. 1999), bighorn sheep are susceptible to a wide-range of diseases harbored by domestic sheep that could be transmitted by Barbary sheep.

To assess potential impact of disease on bighorn sheep, we will conduct a population viability analysis to evaluate the risk of extinction to the bighorn population under various disease scenarios (Morris and Doak 2002). A similar approach was used to evaluate disease impacts to the critically endangered island fox (Urocyon littoralis) on Channel Islands National Park, CA (Roemer et al. 2000).

Nutria and Big Bend Mosquitofish

Nutria may impact warm-spring dependent Big Bend mosquitofish by removing emergent vegetation, thus altering the required consistent water temperature. Population viability analysis can simulate effects of altered conditions to the degree accurate data are available on: 1) the effects of increased temperature fluctuation on mosquitofish survival and population dynamics, 2) the existence of water temperature data for mosquitofish habitat, 3) the relationship between water temperature and ambient temperature and 4) long-term climate records of local ambient temperature.

Bullfrogs and Aquatic Fauna

Bullfrogs are voracious and prolific predators of native aquatic fauna. We will use data from the literature to assess the average diet of a bullfrog and to determine their daily energetic requirements. We will then estimate the amount of prey a single bullfrog could consume and apply this estimate to predict the impact a bullfrog population could have on the aquatic fauna of BBNP. Existing BBNP bullfrog population data may be employed. A similar approach evaluated the impact of golden eagles (Aquila chrysaetos) upon the island fox of Channel Islands National Park, CA (Roemer et al. 2001, 2002). 

Cost-benefit Analysis

We will compare costs among a series of management alternatives, including various control methods for each exotic species. Costs required to implement control methods, monitoring strategies and endangered species recovery programs will be considered. These costs will be evaluated within the framework of a cost-benefit analysis to assist in selecting the most cost efficient strategy that will also result in the protection of the Park’s natural resources.


II. Develop a science-based conservation strategy, presented in the form of a management plan to protect park resources from exotic animal damage.

We will integrate the results of impact analysis, cost/benefit analysis, recommended alternatives, and monitoring into a comprehensive written management plan. The draft Big Bend National Park Exotic Animal Management Plan, when finalized, will guide BBNP park management on issues regarding exotic animals. 

Components of Plan Development:

Identify management alternatives

In cooperation with BBNP staff, we will participate in a strategy-development conference of invited authorities. BBNP staff will convene a group that may include university and agency researchers, management specialists from various state and federal agencies, and private individuals with pertinent expertise on the exotic species of interest. This conference will result in recommended alternative strategies for exotic species impact management in BBNP. The preferred management alternative will be selected by considering both the economic cost of implementation and efficient protection of the Park’s resources. 

Document and recommend monitoring strategies

The NPS is required to apply Integrated Pest Management (IPM) principles to the management of undesirable species. A primary 

IPM component is monitoring. Monitoring is essential to: 1) identify changes in distribution and size of the subject population, 2) determine the extent of impact by the subject, and 3) identify when an impact or population threshold exceeds established tolerable limits, thus triggering management action.

Other projects implemented by BBNP provide a degree of baseline exotic species population, distribution, and impact monitoring data. 

We will describe and evaluate existing monitoring strategies. Strategy development conferences will provide guidance on action thresholds for each species. We also will recommend additional strategies warranted to monitor and document exotic animal impacts and to demonstrate the level of effectiveness achieved by future management strategies.

The plan will include:

A. Executive Summary: to provide an overview of the issue, process, plan components, and approach to problem resolution.

B. Introduction: to provide a basic description of the park environmental and administrative setting, climate, adjacent land uses, other general descriptions as necessary to orient the unfamiliar public reviewer.

C. Goals and Objectives: to establish the purpose of the plan

D. Legislation and Policy: to provide a direct link between purposes and requirements of the NPS unit and actions proposed in the plan and NEPA document.

E. General Environment and Social Setting: to educate the reader to the environmental and ecological diversity of the park, and to recognize the current local and regional social context within which park management operates, and the cultural resource heritage and influences upon park management.

F. Special Considerations: for identifying additional influences, constraints, and opportunities inherent to the park, the plan, and project implementation.

G. Historical analysis: of exotic animal issues in the park area, including origin, population expansion, perceived ecological and social influences, and an overview of existing relevant scientific data.

H. Proposed Action: in the form of a draft action plan, describing the preferred courses of action resulting from the planning process. The draft plan will include species-specific goals, objectives, and strategies proposed to protect native species and natural ecosystem function from unacceptable impact by exotic animals. Following the NEPA compliance process, the draft will be finalized into the park management plan.

I. Appendices: where relevant data, analysis, documentation, and other necessary supporting information will be made available to provide context for the plan.

III.Complete production of a Draft Environmental Assessment as a component of the overall NPS task of fulfilling NEPA requirements for the Plan 

In accordance with NPS Director’s Order (D.O.) 12, Conservation Planning, Environmental Impact Analysis, and Decision Making, we will contribute to an Environmental Assessment (EA) for proposed actions associated with the exotic animal plan. 

The EA is a required process under NEPA, intended to assist in planning and decision making by federal agencies. Primary components of an EA are: A) the written document, its format and content, B) public involvement and C) the administrative review process and decision documents. NMSU will be responsible for component A only, to the level of a final draft document. The NPS will be the sole party responsible for components B and C. A summary of component A contents to be provided are shown below. See D.O. 12 for full details.

A. Document, Format, and Content

1. Abstract: to summarize important issues and major findings of the EA.

2. Purpose and Need: to describe the connection between NPS requirements and policies regarding native species and natural ecosystem function, exotic animal impact upon protected resources, and proposed actions for resource protection. Additionally, to discuss issues that were dismissed, and issues that were kept for analysis and led to impact topics.

3. Alternatives: to describe the proposed action (preferred alternative), the no-action alternative, and any other reasonable alternatives that meet program objectives and adequately reduce or eliminate impacts of concern. This section compares alternatives and cost/benefits of each, including the no-action alternative.

4. Affected Environment: to provide information about the existing environment relevant to understanding the impact of no action, and other alternatives.

5. Impacts: to discuss direct, indirect, and cumulative impacts, including beneficial impacts. The context, duration, and intensity of impacts should be defined and quantified as much as possible.
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BUDGET

	Personnel
	
	

	Principal Investigator
	Dr. Gary Roemer

(1 month salary)
	$ 5,697.50

	
	Fringe Benefits (27%)
	$ 1,538.50

	Co-Investigator
	Dr. Mark Andersen

(1 month salary)
	$ 6,169.10

	
	Fringe Benefits (27%)
	$ 1,665.65

	Professional Staff
	Mr. Ken Boykin, M.Sc. and/or Mr. Mark Aspelin, M.Sc., M.B.A. and/or Mr. Kendal Young, M.Sc. (6 months salary)
	$21,000.00

	
	Fringe Benefits (27%)
	$ 5,670.00

	Research Assistant
	 (2 months salary)
	$ 4,500.00

	
	Fringe Benefits (18%)
	$  810.00

	Personnel Sub-total
	
	$47,050.75

	
	
	

	Travel
	
	

	Eight (8) Round-trips to BBNP 
	$0.365/mi for 800 mi
	$ 2,336.00

	
	
	

	Per-Diem
	
	

	24 days x 2 people
	$30.00 day/person
	$ 1,440.0

	
	
	

	Overhead 
	(15% of Direct Costs)
	$ 7,659.98

	
	
	

	Total Project Costs
	
	~$58,451.00


STATEMENT OF WORK AND DELIVERABLES Year 1

	Project Milestones
	Estimated Date of Completion

	Initial meeting with BBNP personnel. 
	June 24 -26, 2002

	Acceptance of plan of study by BBNP.
	October 31, 2002

	Scoping meeting with experts. Complete summary of meeting findings on proposed alternatives based on expert opinion.
	December 31, 2002

	Literature review/bibliography.
	March 31, 2003

	Project background task report. Draft report/update, including progress and overview of environmental impact assessment with emphasis on feral hog and nutria impacts, data collection and description of existing environment.
	July 31, 2003

	Acceptance of draft status report by BBNP.
	September 30, 2003


Year 2 

	Project Milestones
	Estimated Date of Completion

	Alternatives development task report. Draft report/update, including complete impact assessment and overview of proposed management alternatives.
	January 31, 2004

	Draft environmental assessment (DEA), which brings ecological analysis together with cost-benefit analysis.
	May 31, 2004

	Public review of draft plan (DEA).
	June 30, 2004

	Final Draft Plan (FDEA) to be accepted, finalized and disseminated by Big Bend National Park.
	September 30, 2004
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