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II. STATEMENT FOR MANAGEMENT

PURPOSE OF THE PARK

The establishment of Big Bend National Park was authorized by an act
of the 74th Congress (49 Stat. 393), on June 20, 1935, which provided
that ". . .lands. . .as necessary for recreational park purposes. . .
are hereby established, dedicated, and set apart as a public park for
the benefit and enjoyment of the people. . . ." The act also stipulated
that the provisions of the National Park Service Organic Act of August
25, 1916 (39 Stat. 535), apply, ". . .which purpose is to conserve the
scenery and the natural and historic objects and the wildlife therein
and to provide for the enjoyment of the same in such manner and by such
means as Will leave them unimpaired for the enjoyment of future
generations."

SIGNIFICANCE OF PARK RESOURCES

Big Bend National Park is a nationally-significant example of the
finest and most scenic desert and mountain topography in the United
States. This is a land of dramatic contrasts--of lofty, wooded peaks,
and river swept floodplains--dominated by great expanses of Chihuahuan
Desert--containing spectacular geologic features and other impressive
landforms. ' : IR :

Complementing the distinctive topography is an unusual array of plant

and animal life, corresponding in diversity to the multitude of habitat
types provided by the broad elevation range. Over 1000 species of plants,
62 of mammals, 386 of birds, and 46 of reptiles ‘are known to inhabit the
area, including many that are endangered, threatened, and protected.

The Chisos Mountains visually dominate the central portion of the park.
A compact range of rounded rocks, vertical cliffs, and deep canyons,

the Chisos are the southernmost mountain mass in the United States,

and are the only mountain range totally contained within a unit of the
National Park System. This cool woodland environment, contrasting so
dramatically in character with the harsh lowlands, has long been an
important focal point for visitors, and the primary location for visitor
services and related facilities. , :

Surrounding the Chisos Mountains are vast alluvial plains, interrupted
by isolated mountain masses, which are considered part of the great Chi-
huahuan Desert. This stark landscape is the abode of an astonishing
variety of plants and animals, which, through a variety of adaptations,
are able to thrive in conditions of extreme heat and dryness.



For 107 twisting miles (172 km) the Rio Grande defines the southern
boundary of the park. The bordering ribbon of shoreline and floodplain
vegetation provides a contrast to the harsh desert adjoining the river.
Three great canyons--Santa Elena, Mariscal, and Boquillas--sever the
limestone mesas within the sweeping arc of this historic river. Viewed
from their rims or from the river, these canyons are among the most
outstanding features in the park.

Throughout much of the park, visitors are aware of the presence of the
northern frontier of Mexico.. From the South Rim in the Chisos Mountains,
a 200 mile (322 km) sweep of American and Mexican terrain may be viewed.
The entire region, on both sides of the Rio Grande, is rich in history
and cultural interest.

LAND CLASSIFICATION

1. Natural Zone

The vast majority of the park's 708,221.20 acres (286,617 ha) are
presently classified and managed as Natural Zones, according to
National Park Service Management Policies, 1975, which require

that natural resources and processes in these zones remain largely
unaltered by human activity, except for approved development essential
to management, use, and appreciation. The park's Natural Zones are
further broken down into several subzones: The prime Chisos Mountain
complex, along with related foreground lands, and the three river
canyons, are all classified and managed as Outstanding Natural

Feature Subzones. The Pine Canyon Research Natural Area is classified
and managed as an Environmental Protection Subzone. Acreage
approximating 533,900 (216,069 ha) is presently classified and

managed as a Wilderness Subzone; a Wilderness Recommendation initiated
in January 1973 is presently undergoing congressional review. (Another
25,700 acres (10,401 ha) have been recommended as potential wilder-
ness additions, but are not now classified and managed as Wilderness
Subzones because they include lands with power and phone Tines.)

2. Historic Zones

A number of historic districts, sites, and properties in the park
that are listed on the National Register of Historic Places, along
with other important local cultural resources, are classified as
Historic Zones. This means that they are managed to protect,

and enable public appreciation of, their values, and therefore
that physical development therein shall be the minimum needed to
preserve, protect, and interpret their values; and that activities
therein shall generally be limited to sightseeing and the study of




the historical features. These historic properties are listed
in the "Within-Park Influences" section, alona with additional
sites that may become eligible for [ational Register inclusion,
and therefore also Historic Zone classification and management. '

3. Development Zone

Lands at Chisos Basin, Panther Junction, Rio Grande Village,
and Castolon, where the natural or historic environments have
been altered to provide for visitor accommodation and use or
National Park Service and concessioner support-facilities, are
classified as Development Zones, which means that they are
managed to serve relativelv large numbers of park visitors.
Two. potential Development Zones exist at the two park
entrances, Persimmon Gap and Maverick, for visitor contact,
information, and protection services.

D. INFLUENCES ON MANAGEMENT

1. Legislative Constraints

a.

A11 management, planning, and development decision making

and actions relating to Big Bend National Park must conftorm

to provisions of the establishment-authorization legislation
(Act of June 20, 1935, 49 Stat. 393, appended); legislation
relating to.cession to U.S. jurisdiction (State Act of May 12,
1939, Art. 6077e, Vernon's Annotated Revised Civil Statutes of
the State of Texas, appended); commissioner-appointment-
authorizing legislation (Act of May 15, 1947, 61 Stat. 91,
appended); and two acts of land-acquisition legislation

(Act of August 30, 1949, 63 Stat. 679; and Act of August 8,
1953, 67 Stat. 497; both appended); decisions and actions

must also comply with National Park Service Management Policies
(1975); the Antiquities Act of 1906; the National Park Service
Organic Act of 1916; the Historic Sites Act of 1935; the
National Environmental Policy Act of 1969; Executive Order 11593
of May 13, 1971; and the Archeological and Histeric Data
Preservation Act of 1974.

The establishment-authorization act of June 20, 1935, required
that lands for the park be secured only by public and private
donations. Subsequent acts of August 30, 1949 (63 Stat. 679)

and August 8, 1953 (67 Stat. 497), respectively, authorized the
Interior to acquire lands in certain sections of Brewster County,
Texas, and to procure the remaining non-Federal land and interests
in land within the boundaries of Big Bend National Park.



An act of June 20, 1935, states that the Federal Water and
Power Act of 1920 does not apply to the park.

A total of 533,900 acres (216,069 ha) mostly desert and

mountain roadless country have been recommended for desig-

nation by Congress as wilderness, and are managed without
incursion until Congress accepts, modifies, or rejects the
proposal. Another 25,700 acres (10,401 ha) have been
recommended as potential wilderness additions; some of

these lands have power and phone lines, and mineral reservations.

Special-use permits are issued for the following operations
within the park: San Vincente Public School and Teacher-
age; U.S. Postal Service, for Big Bend National Park Post
Office; Sul Ross State University, for use of the Barker
House as a research station; and Mountain Zone TV Services.
Two ranch access roads are permitted in the northern panhandle
of the park; these pertain to the Rosillos Mountains Ranch
and the Matrix Land Company. Rights-of-way permits have been
granted to the Rio Grande Electric Cooperative, Inc., and

the Big Bend Telephone Company for installation of electric
power and telephone system lines within the park.

Two concessions contracts are a part of Big Bend National
Park operations: one with National Park Concessions (NPC),
Inc., and another with Chisos Remuda. Land assignments
exist for concession buildings and facilities. The National
Park Service is required to furnish water and sewage disposal.
In the case of NPC, Inc., a phased improvement and building
program is a part of the contract, with additional road and
utility contractual obligations on the part of the United
States. Also, in the case of NPC, Inc., adaptive use exists
of the original Castolon store, "La Harmonia," which supplies
many of the residents of the nearby Mexican village of Santa
Elena.

A memorandum of understanding between the National Park Service
and the Texas Parks and Wildlife Department requires close ‘
cooperation between the two agencies in wildlife-management
activities. The State of Texas maintains the large Black Gap
Wild1ife Management Area along 12 miles (19 km) of the north
and east boundaries. Seasonal hunting permits are issued in
the refuge for deer, javelina, and quail. Desert bighorn sheep
may be frequenting adjacent portions of the park as a result of
their reintroduction to the wildlife refuge. If other native
species are reintroduced by the park, cooperation with the Texas
State Wildlife Department will be required.



h.

The entire south park boundary extends to the middle of
the Rio Grande. The International Boundary and Water
Commission determines each country's ownership of water
under the Water Treaty of 1944; and the Texas Water Rights
Commission determines the rights and uses of the United
States portion of the Rio Grande flow. International
agreement, rather than local demand, influences usage of
the river flow.

Appropriated and underflow water rights are accorded the
United States at Rio Grande Village from the Rio Grande
under Texas State law (priority date 1927). These rights
accord the United States both spring and ground water.
Irrigation rights exist for 780 acre-feet (962,223 cu m)
a year, and waters are obtained from diversion of the

Rio Grande. :

The United States has rights to municipal water use by
Texas State law (priority date 1915) at Castolon. Irriga-
tion rights exist for 750-acre feet (925,214 cu m)

and water is obtained by diversion.

The United States has exclusive water rights at Oak Springs
and the Panther Junction headquarters.

A11 Tands in the park now lie in Federal ownership. Mineral
interests remain outstanding in 6 % sections of land
(16.84 sq. km).

An act of the legislature of Texas, May 12, 1939, authorized
the cession to the United States of exclusive law-enforcement
Jurisdiction over lands conveyed to the United States for

Big Bend National Park. The State of Texas retained the right
to execute all civil and criminal processes, and further

- reserved the right to levy and collect taxes on sales of

products, and to tax persons and corporations, their franchises
and properties, on land or lands deeded and conveyed to the
United States under the terms of this act.

An act of May 15, 1947 (61 Stat. 91), provided for the
appointment and jurisdiction of a United States-commissioner
for Big Bend National Park. This provides a means whereby
cases involving violations of applicable Federal regulations
may be expeditiously processed on a local basis.
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Regional Influences

d.

Land-use is changing to the west of the park between Texas
Highway 118 and the boundary. Subdivision of what were
formerly large tracts into small 40+ acre (16 ha) "ranchettes"
is prevalent.

These lands are being sold primarily as recreation sites, in
which hunting is an important activity. Park lands lying
adjacent to boundaries are being influenced by a variety

of non-park uses: Lands in the vicinity of the abandoned
mining town of Terlingua are used increasingly for such
events:as the "National Chili Cookoff," which attracts

more than 10,000 people annually. Large auto and motorcycle
rallies are also being conducted in this vicinity. Park
law-enforcement needs are increasing as a result of these
activities.

The Bureau of Outdoor Recreation has tentatively recom-
mended that 191 miles (307 km) of the Rio Grande, from 16
miles (25 km) up river to the Val Verde/Terrell county line,
be included in the National Wild and Scenic Rivers System.
Of this total mileage of riverway, 65 miles (115 km) Tie in
Big Bend National Park. Studies were initiated in 1973.

"International" and "Ccmpanion" park concepts are sometimes
confused. An "international" park would include Big Bend

and a similar Mexican national park across the Rio Grande
under one umbrella. Neither government favors this plan
because of clearly foreseen border problems. The possibility
of a "companion" park has been explored in various meetings
between the United States and Mexico; it has been occasionally
discussed by high-level delegations from both nations.

The Republic of Mexico is presently constructing a high-standard
road between Musquiz, a town 130 miles (209 km) in the interior,
and Boquillas, a village 22 miles (35 km) southeast of park
headquarters across from Big Bend's Rio Grande Village. Con-
struction of the road hasat present progressed to within 45
miles (72 km) of Boquillas, and is proceeding. The National
Park Service is not prepared to consider a bridge crossing at
Boquillas into Big Bend National Park, and strongly supports

a road on the east side of the Sierra Del Carmen leading to the
Rio Grande crossing at La Linda, east of Big Bend National Park.
Such a Boquillas crossing would involve a high-standard through-
route; it would also increase commercial traffic, and require

a necessarily sizable range of support facilities for the U.S.




Customs Service, Immigration and Naturalization Service,
Drug Enforcement Administration, Border Patrol, and Texas
State Liquor Control Commission. A full range of signifi- .
cant impacts generated by all the ramifications of non-park
uses and traffic would be created. At present, there are
three minor crossings in the park: Boquillas, San Vicente,
and Santa Elena. These are not high-standard crossings,
they involve no commercial travel or proliferation of support
facilities, and they are in keeping with the historic and
cultural atmosphere of the Big Bend reg1on and a national-
park environment.

Other important international influences involve the recent
upswing in importation of illicit drugs from Mexico. Traffic
in this contraband emanates from a variety of Jocations beyond
control of the park. Remote airstrips within the interior of
Mexico, unimproved roads, and trails are used to move it to
locations proximate to the Rio Grande; crossings and pickups
are achieved in a variety of ways. Contraband is then moved
north through the park of various destinations. In addition,
in recent years there has been a significant increase in the
exportation of illegal firearms from the United States into
Mexico. Heavier law-enforcement demands have resulted, along
with the necessity for increased coordination between several
Federal, State, and local agencies. ;

. Probably the most signifitant pollution source: and trend

affecting the park resources and resource-management efforts
occurs as a result of use of DDT in Mexico and its entry into
waters of the Rio Grande by means of releases from waters of
the Rio Conchos Dam in Chihuahua, Mexico. Such waters neces-
sarily must first flow through agricultural lands irrigated
by project. The near extinction of the peregrine falcon
populations within the Rio Grande floodplain is attributed

to DDT. Other agricultural chemicals are also present.

In past years, the illegal gathering of the candelilla plant
by Mexicans for wax required constant vigilance, and this
activity may be going on to some extent today.

Trespass-Tivestock frequently cross the river from the
Mexican side, and measures are required to control and eli-
minate this adverse influence on the park.

The historic Terlingua Mining District.is currently inactive,
but this status may change if there is a change in the price

of mercury. Information has already been gathered to provide
management with a data base on amounts of mercury within the
animals and soils in the vicinity of the mines, runoffs, and
adjacent Rio Grande, and a monitoring program will be necessary
if mining becomes active again.
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Within-Park Influences

a.

Availability of an adequate water supply is the single
most critical determiner of development and use of the
park. Except at Rio Grande and Castolon, water is not
abundant throughout the park. Prudent use of supplies
and conservation measures are required.

Water is pumped up about 1,500 vertical ft. (457 m) into
Chisos Basin from a location at Oak Springs, 2 miles (3 km)
west and outside of the Basin. The United States has ex-
clusive rights both here and at the Panther Junction park
headquarters. Although these supplies are adequate for
present needs, uncertainty exists as to the degree to which
further withdrawals may be made from these aquifers.

Existing wells at Castolon produce water high in fluorides,
sulfides, and sulfates.

The water rights discussed in the "Administrative and Legis-
lative Constraints" section are adequate to meet present
needs and future expansion envisioned.

Chisos Basis, being the focal point of park visitation, has
come under much discussion regarding a progressive inability

on the part of its scenic and natural environments to handle
any significant increases in facility-development. The Basin
occupies only 5.98 square miles (1,548.8 ha) and must be recog-
nized as a limited and confined physiographic province or area
of the park. Thus, this constraint affects present and future
planning for facilities and use in the area.

The Castolon store and two nearby residences are part of the
historic Castolon Army Compound; all three are properties
listed on the National Register of Historic Places. (See
"Land Classification" section.) The historic significance
of these properties must be recognized, and is integral in

~ their management.

Castolon Historic District, Rancho Estelle (Sublette Farm,
Stone Residence, and Dorgan Residence), Luna Residence,
Homer Wilson Ranch, Marsical Mine, and Hot Springs are pro-
perties afforded the protection of the National Register of
Historic Places. Criteria for park operations and planning

of the Castolon Historic District has been agreed upon in a
letter of August 2, 1974, to the Advisory Council on Historic
Preservation concerning compliance with Executive Order 11593.

Additional sites may be eligible pending further surveys and
evaluation, including Terlingua Abaja, Johnson Ranch, Baker
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Lodge, Ore Tramway, Glenn Springs, McKinney Spring Ranch,
La Noria, and the Burro Mesa flint quarries and chipping
sites. Pending evaluation and nomination, these sites
should be treated as National Register properties.

Pine Canyon has been selected as a Research Natural Area,
within which natural conditions are maintained; about 800
acres (324 ha) have been designated for the primary purposes
of research and education.

Endangered mammals of Big Bend include gray wolf and ocelot;
the spotted bat is threatened, and also a State-of-Texas
.protected species. Endangered birds are the Mexican duck,
Southern bald eagle, and peregrine falcon; the prairie falcon
is threatened; the State of Texas lists all avifauna as pro-
tected, except the English sparrow, starling, common pigeon,
grackle, raven, red-winged blackbird, cowbird, and crow. No
amphibian or reptilian species are considered endangered; the
Madrean cl1iff frog. Texas horned lizard, Transpecos rat snake,
and gray-banded kingsnake are protected. The Big Bend gambusia
is an endangered fish; the Chihuahua shiner, bluntnose shiner,
Mexican stoneroller, and Big Bend gambusia are protected. Nine
plant species are listed as threatened by the Smithsonian
Institution.- i 3 ' 3, 1

Significant adverse biotic influences are present in the
Rio.Grande floodplain and. tributary watercourses within the
park: An international boundary with Mexico exists for 107
miles (172 km). Except for Santa Elena, Mariscal, and Boquillas
Canyons, there is widespread grazing on lands adjacent to the
Rio Grande by residents of the remote northern portions of the
Mexican States of Coahuila and Chihuahua. This is a cultural
pursuit and has been practiced since the Spanish colonial days,
when presidios, or forts, were established. Livestock of all
kinds drift back and forth across the Rio Grande and have
~established a vast network of paths and trails. The entire
ecosystem of the Rio Grande floodplain has been altered. River
levels of the Rio Grande are regulated by treaty, and adminis-
tered by the United States and Mexico International Boundary
and Water Commission.

Additional environmental factors specific to Big Bend influence
management and development, and are of primary concern. Big
Bend is one of the most isolated parks in the continental 48
states. There are no communities within a convenient distance
to supply visitor and employee needs.

In addition, the desert, with its heat, high winds, and cloud-
bursts, provides an inhospitable environment. Also of major
esthetic consequence is the open terrain, which is highly
susceptible to visual intrusion; it is difficult to mask faci-
lTities and developments. Plant cover is easily destroyed, and
extremely slow to recover. Backcountry use in the high Chisos

12



is on a significant upswing; ecological, as well as user-
related sociological, problems are manifest.

E. MANAGEMENT OBJECTIVES

1. To protect and perpetuate the natural and cultural environments
of the park.

2. To provide visitors with opportunities for meaningful park
experiences, by offering a varied and balanced interpretive
program and effective visitor information and other programs
that offer insights into the natural and cultural values of
the park.

3. To encourage a continuing research program, designed to help
management improve resource preservation, and designed to
increase visitor enjoyment.

4. To achieve a harmonious integration of activities within and
outside of the park, through maintaining cooperation with
other Federal agencies, the State of Texas, and the Republic
of Mexico, in regional programs for natural and cultural re-
source conservation, interpretation, law enforcement, mutual
boundary management, and outdoor recreation; and through the
promotion of understanding of the park and the management
techniques being used there to carry out the National Park
Service mission.

13



ITI. RESOURCES MANAGEMENT PROGRAM
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A. GENERAL PROGRAM
Designation as Ménagement Plan

It is recognized that certain portions of the Resources Management Plan
may more closely resemble a research plan than a management plan.

The reason for this is that, for some resources and/or areas, basic data
for proper management are lacking. Funding of research projects to
acquire basic data for intelligent management purposes will, in these
cases, take priority over other activities. Most mational parks undertake
some form of vegetative management, yet data on fire history, role of
exotic plants and animals, successional patterns and stages, and basic
inventories of plants and animals are often lacking.

The research projects proposed in this current plan are designed to
provide information on which to base sound management projects that will
satisfy both management objectives of the area and the National Park
Service mandate under the 1916 Organic Act. The p]an itself is not just
this one document, but rather is designed as an ongoing process to be
revised every year as projects are completed and new input is available.

River management, now a major concern in many National Parks, must be
thoroughly researched and a comprehensive management plan formulated and
appended to the overall Resources Management Plan as a separate but
integral working document.

Resources Management Program

For the purpose of clarity, all of the projects discussed will be
separated into Archeo]og1ca1 Historical, and Natural Resources. A1l of
the actions included in the project discussions will be defined as one
(or more) or four action types. The four types of action are:

I. Those actions whose implementation will have a significant and
measurable effect on the environment. (Significant Action)

II. Those actions which w111 continue existing maintenance. (Continue
Maintenance)

III. Those actions which will initiate new maintenance. (New Maintenance;

IV. Those actions which entail research. (Research)

15



B. NATURAL RESOURCES - Project Statements
and Programming Sheets
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N1. Project: Water Source Inventory and Restoration

Information on natural water sources in Big Bend National Park is
incomplete and in all instances lacks historical integrity. Documented
information on all water sources, including location, history utilization
by wildlife, and dependability are essential to management in determining
d1str1but1on of wildlife populations, possible locations of exotic plants,
feasibility of dispersing visitor use into unused areas of the Park, and
Tikely locations of prehistoric activity as a quide to archaeo1og1ca1
investigations. During the ranching era of pre-park years many springs
were impounded by construction of earth dams. These dams later became
fertile niches for the encroachment of exotic plants such as Salt Cedar
(Iamanlx_ig.) and many native species, which today have choked off the
springs and utilized all available water. The water Source Inventory

to date has identified approximately 74 springs (over 1/3 of the total
known springs in the Park) that are infested with Salt Cedar.

Action (New Maintenance and Continue idaintenance)

1. Continue the spring water source inventory and data gathering at the
park level.

2. Eradicate Tamarisk from all springs where it is feasible (see N17).

3. Open up or eliminate impoundments and restore the natural condition
and spring flow at impounded springs. (Examples: Croton, Wasp, and Apache)

17
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N2. Project: Exotic Plant Removal

Exotic plants, specifically two species of Tamarisk (Salt Cedar)
Tamarix aphylla and Tamarix pentandra, have invaded springs through-
out the Big Bend country and now threaten the existence of free

water required by native wildlife. A medium-sized tree can transpire
up to 200 gallons (750 liters) of water per day. Invaders present a
seed source for further invasion into presently unaffected springs.

Action (Continue Maintenance)

1. Continue an aggressive tamarisk eradication program with the
objective of ultimately eliminating these species from all springs
in Big Bend National Park. Three locations were selected for tne
initial attack during the fall months of 1976: McKinney Spring,
Wasp Spring, and the old road terminus near Oak Spring. Eradica-
tion will be accomplished through physical removal of small plants
and cutting and treating stumps of larger trees with an approved
herbicide (Silvex).

Surface water closest to each site is being sampled and tested for
residual chemical content.

2. Following eradication work at the three initial Tocations during
fall, an intensive eradication program will be reinstituted in the
spring when growth activity in the trees resumes. Work will continue
until the project must be curtailed due to extreme summer temperatures
and will resume again when the weather cools and continue until the
trees go dormant. There are approximately 74 springs presently in-
fested with Tamarisk, with an estimated average of 200 trees per site.
Eradication work will be carried out according to the above schedule
until all affected springs are cleared of Tamarisk.

3. Follow-up inspections of all springs will be conducted biannually
each year after removal.

19



N3. Project: Wildland Fire Management

A 1963 Blue Ribbon committee, headed by A. Starker Leopold, in a report
to the Secretary of the Interior, stressed that exclusion of forest and
range fires had seriously affected the ecology of many areas and that
in future management plans, fire should be used as a tool to preserve
or restore the natural biotic scene of natural areas.

National Park Service Southwest Regional Office Memorandum Y14 0-R of
September 22, 1972 states: "The change in National Park Service fire
management philosophy during the past decade has not been reflected in
our field area planning effort. In an initial effort to overcome this
lethargy we are requesting each area to prepare and submit for our
review a fire management plan that will accomplish needed natural re-
source management objectives such as reduction of dangerous fuel
accumulations, reduction in abnormal insect and disease damage and/or
return of our areas to a more natural vegetative type. . . . no later
than March 1, 1973."

In response to the above, Big Bend National Park prepared a Fire
Management Plan which provided in part that "A1l fires within or
threatening the Chisos Mountain area will receive prompt suppression
action. When research is completed we may have cause to let some
fires burn under specific conditions to reduce fuels." (Item 2, p-4)
and "A11 lightning fires which do not threaten the Chisos Mountain
area and present no hazard to human life, resources, or property will
be permitted to burn themselves out when, in the opinion of the Super-
intendent and the Fire Control Officer, fire conditions are such that
control could be effected if desired." (Item 3, p-5)

The latter areas referred to consist primarily of the low desert country
and inaccessable areas such as the Dead Horse Mountains and Sierra Quemadas.
However, 1ittle is known concerning either the short or long term effects
of wildfire on any of the Parks' vegetative communities, and these should
be investigated for both present and proposed wildfire burning zones. Rare
plant species and isolated relict plant associations are found in the
interior mountain and canyon communitiessuch as the Basin and Pine and
Boot Canyons. Fuel accumulations in some of these communities are such
that the potential for an extensive wildfire is greater than it has been

in historic times. Questions concerning the role of prescription burns

to maintain these communities may be answered by a Wildland fire research
study now in progress for the Chisos. '

Action (Research and New Maintenance)

1. The following data are required for developing fire prescriptions and
therefore must be obtained as the initial stage of a wildland fire manage-
ment program:

a. Vegetative components to the association level,

20
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b. Association's,age classes and comparative growth rates,
c. Fuel loads for downed woody materials and standing fuel,
d. Climatological,

e. Fire history,

f. Locations and ecology of endangered species, and

g. Locations and effects of fire on cultural resources.

2. A1l parts of the data gathering phase has been undertaken for the
Chisos woodland and studies will continue on into the grasslands.

3. As suitable data become available for specific areas, test burns
and vegetation removal to reduce fuel build ups may be necessary.

4. Continue to record and evaluate data as they become available to
provide a continuing information base for long-range wildland fire
management decisions.

5. A revised Wildland Fire Management Plan will be prepared by the
Park Staff and Regional Fire Management Specialist as soon as the data
above (1) is available. The revised Wildland Fire Management Plan will
require public review and will become an Implementation Plan within the
Resources Management Plan. :
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Trespass livestock from Mexico pose both a political
and resource management problem.



N4.  Project: Trespass Livestock and Other Exotic Animals

Although contrary to National Park Service policy, the grazing of Mexican
Tivestock within Big Bend National Park has had a serijous impact on the
natural environments since establishment of the Park. A 1976 research
study (A survey and analysis of recreational and livestock impacts on

the riparian zone of the Rio Grande in Big Bend National Park) quantified
the impact of stock along the southern border. This situation continues
to the present with the result that normal vegetative recovery and re-
Tated natural erosion control, have not taken place. Feral burros and
horses are occasionally seen considerable distances from the Rio Grande
in the vicinity of springs. And Barbary Sheep are known to reside along
the park's northern border."

Action (Continue Maintenance and New Maintenance)

1. Begin a more aggressive program of roundup and impoundment of trespass
Tivestock of a regular basis as soon as they are observed, in close co-
operation with the U.S. Department of Agriculture, and examine legal and
diplomatic channels affording relief from the problem,

2. Continue to monitor the northern boundary of the Park for signs of
Barbary Sheep ingress, Eliminate any of these animals immediately when
found within the Park. Also, program for the completion of fencing of the
entire northern boundary of the Park for the exclusion of these large
ungulates. ’

3. Continue public relations efforts to reduée the number of cattle tres-
passing from Mexico.
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N5. Project: Roadside Brush Removal

An unnatural profusion of vegetation exists along much of the paved
roadways in Big Bend National Park. Concentration of water by run-
off from the paved surfaces is conducive to vegetative growth far
beyond what is normal in an arid environment. The result is that
roadside vegetation is much higher than normal and creates a "tunnel
effect" which not only detracts from the natural scene but is a definite
safety hazard since the field of view of the driver is diminished.
Animals are often not seen in time to stop, resulting in considerable
loss of wildlife and property damage to vehicles. Dominant among the
roadside plants is Creosote Bush (Larrea tridentata), a native plant
which responds favorably to disturbed soil conditions and cutting.

Action (New Maintenance)

Current practice is to mow roadside vegetation and remove it to a
sanitary land fill. This practice results in soil disturbances which

enhance regrowth of Cresosote Bush, and necessitate frequent and con-
tinued mowing.

Research on vegetative recovery after burning has shown that Creosote
Bush is severly retarded by fire and is frequently crowded out by
grasses before it can recover. Several roadside test burns will be
done during the coming winter to determine the feasibility of this

type of control program. Additional research concerning other Tlong
term retardation possibilities should be conducted, such as controlling
water runoff by construction of culverts, black-topped gutters, etc.
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N6. Project: Visitor Use Dispersal

During the summer months and on long holiday weekends, and to a lesser
degree throughout the entire year, the primary objective of the majority
of backpack visitors to Big Bend National Park is the High Chisos. These
imposing mountains, rising out of the Chihuahuan Desert, offer a cool
respite from the hot, humid temperatures to the east and the hot, dry
desert temperatures to the west. In view of this, it is ironic that

the two heaviest visitor use weekends annually are Easter and Thanksgiving.
Both holidays fall at a time of year when temperatures are optimum for
desert hiking and camping, and the mountain temperatures are frequently
uncomfortably cold. With properly directed emphasis the camping pattern
during those critical periods could be reversed. In view of their
popularity it is unfortunate that the Chisos Mountainswoodlands comprise a
mere 2% of the total park area. As a result they are suffering from: the
impact of heavy visitor use.

Actually, it is not a matter of too many campers and hikers but of improper
distribution of camper use. In fact, there are only three specific areas
that are significantly impacted by overuse, these are: Laguna Meadow,

South Rim, and Boot Springs. For the present at least, physical Timitations
on vehicle parking in the Chisos Basin, Juniper Canyon, and at Blue Creek
will usually effectively 1imit the number of campers that can be in the

High Chisos at any given time. On busy weekends the average number of
campers per night rarely exceeds 100. Careful analysis of all camping
permits issued for the high Chisos during 1975-76 show that on only two
nights during the entire two year period the number of campers was over 200.
Under controlled conditions of dispersal up to 200 campers per night could
be accomodated regularly with minimal damage to the resource.

Action (New Maintenance)

1. Publish a maximum capacity of 200 campers per night in the High Chisos
in the Federal Register. This will be followed by inclusion of the 200
camper limit in the carrying capacity portion of the Backcountry Management
Plan.

2. Divide the High Chisos into camping zones, aligned with the trail system.
Ten "zones" have been tentatively identified. Camping will be apportioned
within these ten zones with an average of 20 campers per Zone (Total -200)
with more campers allowed in the larger, less impacted zones, and fewer

than 20 in some of the smaller or more impacted zones. Photographic points
for monitoring specific sites in zones which at present show severe impact
will be established and numbers of campers per zone shifted as sites

recover and as the need arises.

3. Delineate the zone boundaries, from all trail approaches, with small
routed signs.
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4. Revise the present "Chisos Mountains Trails" pamphlet map to delineate
the established zones.

5. Establish "No Camping" zones at the South Rim and Boot Spr1ngs with
aporopriate signs. :

6. Encourage camping and hiking in the desert areas of the Park during
the cooler months through interpretive programs, frequent revision of
published materials (hiking guides, etc.), and personal contacts at all
permit issuing Tocations.

7. Provide for safe camp1ng/h1k1ng experiences, to accomp11sh the above,
through adequate signing and maintenance of desert trails ‘in accordance
with sign committee recommendations.

8. Identify water sources that may be utilized by desert hikers and provide
for proper monitoring under the "Water Qua11t1es Act." .
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N7. Project; Poaching of Wildlife

In 1975 at Teast two eye witness reports were received from backcountry
campers who told of seeing Mexican pack trains traveling south with
animals packed one time with hides and another with traps, How long
this activity has been going on is a moot question. In any case, it

is repeatedly observed that there is a dearth of wildlife, particularly
fur bearers, in a vast area between the south side of the Chisos and
the Rio Grande, an area that has numerous natural water sources.

Action: (Continue and New Maintenance)

Relieve patrol Rangers of other duties and increase foot and horse
patrols in affected areas to the maximum extent possible during late
fall and winter when trapping activity is at its peak.

Solicit the cooperation of other agencies (Customs and Border Patrol)
Tn obserying and reporting poaching activities during regular patrol
flights over the Park. Cooperate with State and U.S. Fish and Wildlife
Service investigatory and regulatory personnel,
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N8. Project: Boundary Fencing and Exotic Animal Ingress

Approximately half of the park's western and northern boundary is
fenced, the remainder is not. During March and April, 1977, a survey
crew from Denver Service Center, engaged in surveying that portion of
the park boundary which lies between Lajitas on the west and Persimmon
Gap on the north, found that much of the existing fence is down. On
numerous occasions the crew reported encountering trespass 1livestock
within the park in those areas. (see Project N4) :

In addition Barbary Sheep are known to reside along the park's northern
border, and pose the threat of invasion by that exotic species.

Action:(Continued Maintenance and New Maintenance)

1. Continue to monitor the northern boundary of the park for signs
of Barbary Sheep ingress and take appropriate action when any of
these animals are found within the park.

2. Program for the completion and repair of fencing of the entire

western and northern boundary of the park -for the exculsion of
trespass livestock and exotic animals.
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N9. Project: Rio Grande Village Cottonwoods

In recent years the cottonwoods at Rio Grande Village have been showing
signs of decline and numerous trees have died, apparently as a result
of insect or fungus attack.

A cottonwood nursery which had been established in 1972 to furnish
healthy saplings to replace dead adult trees had been abandoned and

no young trees were available. In response to a request from the
National Park Service, Forest Service specialists from the Forest
Insect and Disease Management Staff Unit, Southwestern Region, U.S.
Forest Service, Albuquerque, New Mexico, visited Big Bend National
Park during the summers of 1974-75. They found that many of the

young cottonwoods that were transplanted from the cottonwood nursery
several years ago, as well as many adult trees in the Rio Grande
Village area, were dead or dying. Subsequent laboratory analysis

of disease organisms collected during their visit revealed that the
young transplanted trees were suffering from "Shoot blight" caused

by a fungus, probably Venturia tremulae, which is common on cotton-
woods, and that the adult trees were succumbing to infection by another
fungus, Cytospora chrysosperma. In the opinion of the investigators,
entrance of the disease organisms was enhanced by mechanical wounding
of the trees during mowing operations, improper planting, excessive
pruning of young transplants, and on older trees, by insect wounding
caused by boring action of egg-laying cicadas. Following their field
inspection and laboratory analysis, the investigations issued a report
(R-3 75-35) from Albuquerque with recommendations for control of the
problem. Their recommendations are enumerated in the Action Statements
below.

Action (Continue Maintenance and New Maintenance)

1. Re-establish the cottonwood nursery. (This was completed in the
spring of 1976.)

2. Remove dead trees and prune dead branches from living trees and
dispose of them by burning to eliminate disease organisms.

3. Include other, slower growing but longer lived, native tree species,
such as Texas Mulberry (Morus microphylla), Huisache (Acacia faranesiana),
and Texas Palo Verde (Cercidium texanum) in the nursery to alternate
with the cottonwoods and provide continuous "tree scaping" when and if
the cottonwoods succumb.
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N10. Project: 1I1legal Gathering of Plants

For many years the gathering of the Candelilla plant has been a problem
within the park. During the past few years, because of the drop in

market prices of Candelilla Wax, this problem has not been as great,
although it still exists to some extent. Wax trains also take wax from
Mexico (i1legally) to U. S. buyers, starting new trails which result in
erosion. Of more concern at present is the gathering of rare and pro-
tected plant species, particularly cacti, within the park. Recent
nationwide interest in cactus plantings, both for landscaping and within
the home, has made collecting and resale of cacti a lucrative business.
Present policy allows the issuance of a "Plant Declaration Form" to
visitors declaring plants that are being transported through the Park.

A considerable increase in the number of these forms has been noted and
the possibility for abuse of the system is apparent. Although transported
nlants are visually checked by the person issuing the permit, and freauently
by Patrol Rangers as well, the basic problem lies in the inability of all
personnel to differentiate between species, or properly identify an
endangered plant.

Action (Continue Maintenance)

Candelilla: Continue monitoring the operation through reports from air
patrols, in cooperation with U. S. Border Patrol activities, National
Park Service river patrols reports on Rio Grande wax camps, and
National Park Service back country horse and foot patrols.

Natural reproduction of Candelilla in areas once seriously threatened
by intensive harvesting, indicate that the plant is making a satisfactory
recovery.

Rare and Protected Species: Initiate a continuing plant identification
program to insure that all interpretive and protection personnel are
capable of immediate recognition of the following protected plant species:

Ancistrocactus Tobuschii (Bandera County Ancistrocactus)

Cereus Greggii (Night blooming cereus)

Coryphantha Hesteri (Hester Cory Cactus)

Coryphantha minima (Least Cory Cactus)

Echinocereus chloranthus var. neocapillus (Green flowered hedgehog)
Echinocereus Reichenbachii var. chisosensis (Chisos Mts. hedgehoq)
Echinocereus russanthus (Rusty hedgehog

Aquilegia longissima (Tongspur columbine)

Hexalectris revoluta (Chisos Hexalactris)

Penstemon lanceolatus (Lanceleaf penstemon)

Poa involuta (Big Bend Bluegrass)

Spiranthes cinnabarina (Cinnabar Ladies Tresses)
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A11 protected plant species found in possession contrary to Title 36,
Code of Federal Regulations, will be confiscated. Legislation now
pending, relative to Endangered and Threatened Plan Species is expected
to strengthen the protection of plant species moving in and out of Big
Bend National Park.
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N11. Project: Trail Erosion in the Chisos Mountains

Continuous and steadily increasing use of the trail system in the
Chisos, by both hikers and horses, accompanied by lack of a trail
crew to perform even minimal preventive trail maintenance, has re-
sulted in deeply eroded trails in Big Bend National Park. Erosion

is particularly severe on those trails Teading from the Chisos Basin
to the South Rim, via Laguna Meadow and via Juniper Flat, and on the
Window Trail. Short-cutting, by backpackers and horse parties across
switchbacks, and washed out water bars have greatly increased the
problem.

Another specific area that has been extremely impacted by horse and
camper use is the South Rim proper.

Action (New Maintenance)

1. As a first step, a Trail Foreman position has been

established. Three or four permanent laborer positions are now
needed to comprise a trail crew. First priority work will include
replacement of washed out water bars and stabilization of trail
surfaces.

2. Install well worded anti-shortcutting signs at problem locations
and follow up with interpretive message to explain the problem to
backpackers, day hikers and horse parties and solicit their
understanding and cooperation.

3. Planting or transplanting of native species of plants such as Agave
and cacti in eroded short-cut trails will be tried as an alternative

to the fences. These native plants will stabilize soil, act as a
deterrant to short cutting, and preserve the aesthetic values of the park.

4. Construct a short "South Rim By-pass" trail for horse use and exclude
prolonged horse use and camping activity from the vista areas of the South Rim.

5. CFnsure conscientious enforcement of requlations by trail patrols.
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N12. Project: Beaver Management

Beaver are native to the Rio Grande but occasionally become a
problem since they are destroying the threatened Lanceleaf Cotton-
wood (Populus acuminata) along the river and in the campground
near Castolon. Research is needed to gain information to manage
both the beaver population and the cottonwoods.

Action:(Research)

Initiate research to determine the status of the population, the
age structure, food habits, and movements of beaver in the Castolon
vicinity, and at other river sites where beaver populations are
known to occur.. The resulting report should develop management
strategies and alternatives for preservation of the beaver popu-
lation and the native cottonwoods.

(New Maintenance)
In the interim, until research is accomplished, a program of trapping
and relocating problem beaver will be carried out as necessary, and

wire enclosures fashioned to protect endangered cottonwoods during
the process.
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N13. Project: Deer Management

A study on the two deer species--Mule Deer and Sierra del Carmen
Whitetail--was completed in 1975, and provides sufficient data to
support the contention that the park's deer populations are fairly
stable. The Whitetails of the highlands apparently are doing well
without undue competition from the desert Mule Deer.

Action (New Maintenance)

A deer monitoring program will be initiated by the park staff, and
will include monthly road surveys between the Chisos Basin and Upper

Tornillo Bridge, with pel]et county transects at strategic locations
within the park.
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N14. Project: Big Bend Gambusia Preservation

The endangered Big Bend Gambusia (Gambusia gaigiae) occurs nowhere else
in the United States other than in an artificial pond at Rio Grande
Village, near the type locality that has since been developed for a
water supply source. The pond habitat is not suitable habitat for the
specigs, and the pond population has been seriously reduced on several
occasions.

Action (Continue Maintenance and New Maintenance)

The park has recently (August - September 1976) rehabilitated the pond by
increasing the depth of water and restoring a continuous flow of water.
The park staff will monitor the pond continuously to assure: 1) a
continuous flow of water from the spring so that the water depth will

not drop below one foot, 2) that cattails do not become too numerous

so as to overgrow the pond and lose the pond character, and 3) that

no other fish species are introduced to the pond. If any of the above
are found to occur, corrective action will be undertaken.

A Big Bend Gambusia Essential Habitat Management Plan task force met at

Big Band National Park in August 1976 to determine the best action for
long-range preservation of the species. A plan will be completed by mid-
1977 and will include a recommendation to restore a stream-type environment
near the pond so that the species can occur in a somewhat natural condition.

"The anproved plan will initiate funding for activities that probably will

begin during 1978. Later Resources Management Plan revision will address
those activities further. The habitat Management Plan will become an imple-

mentation plan as part of this document (Appendix F),
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N15. Project: Peregrine Falcon Preservation

The endangered Peregrine Falcon (Falco peregrinus anatum) once nested
on suitable cliffs within the Chisos Mountains and along the river
canyons. Although the species continues to nest in the park, produc-
tive nests are the exception. Research shows that successful eyries
Tocated in mountains in Mexico and United States supply birds to the
unsuccessful canyon eyries. DDT-laden food species consumed by canyon-
nesting birds apparently reduce their nesting success. Dr. G. Hunt of
the Chihuahuan Desert Research Institute recommends the mountain eyries
be given special protection to assure nesting success,

Action (Continue Maintenance and New Maintenance)

During March, April, and May of 1976 and 1977, the top of Casa Grande
was closed to hikers so that the ancestral Peregrine eyrie near the sum-
mit would not be disturbed from above, An adult Peregrine was observed
in the vicinity for the first time for many years. Although the eyrie
was not used in 1976, Casa Grande and other suitable cliff faces that
are demonstrated to have potential eyries will be closed each year if
utilized by a pair of Peregrines. This management action will be pub-
licized and posted, and Section 7 of the Endangered Species Act will be
used as proper authority. If and when park eyries are discovered .to

be active, an essential habitat management plan will be developed for
the pertinent areas. Only when the identified habitats are known to be
successful long-term ones will they be classified as "Critical Habitats."

In addition to the above action, the park staff will continue to record
all reported sightings of Peregrines within the park area. These records
will be evaluated by Park or Regional personnel on a regular basis to
determine any changing conditions of the Big Bend peregrine population.
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N16. Project: Control of Hazardous Animals

Occasionally, some of the resident animals of the Park such as rattle-
snakes, deer, javelinas, skunks, and racoons become accustomed to the
presence of human beings and no longer avoid heavy visitor-use areas
such as the Basin, Panther Junction, and Rio Grande Village.

Action (Continue Maintenance)

Continue to trap and remove problem animals to more remote locations,
and continue educational programs within the park to deter feeding of
wildlife. Animals which pose an immediate danger to visitor or park

personnel will be destroyed only if no feasible method of removal is
available.
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N17. Project: Off-Road Vehicle Use

The erosion and scarring caused by off-road vehicles becomes more. apparent
daily with increased visitation, more affluence among visitors, additional
leisure time, and related increases in numbers of four-wheel drive off-
road vehicles.

Use is primarily motorcycles, dune buggies, and four-wheel drive vehicles
in all areas throughout the Park and particularly in areas adjacent to
designated primitive roads. The results of this activity are aesthetic
intrusions and continued unnatural erosion and disturbance of plant and
animal associations.

Action (Continue Maintenance)

1. Close abandoned desert tracks and truck trails. "Closure" means
placement of a physical barricade and/or sign to prevent entrance by
vehicles.

2. Continue patrols and enforce off-road driving regu]ations under
Title 36, Code of Federal Regulations.
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N18. Project: Commercial Hauling

Hauling of ore from Mexico over paved Park roads, once a major
concern, has been reduced by park regulations to a point where it

is almost negligible. However, commercial hauling by both Mexican
Nationals and U.S. Citizens still occurs. This activity is carried

on over various illegal crossings of the Rio Grande, primarily at
night, and without permits as required by CFR. The result is de-
gradation of the river banks and river bed, destruction of vegetation,
and opening of the area to visitor vehicle traffic which compounds
destruction of the resources.

Action: (Continue Maintenance)

1. In cooperation with the Texas State Highway Department, install
signs at Marathon, Alpin, and at three well used Mexico-U.S. crossings,
i.e., Boquillas, San Vicente, and Santa Elena, and the park boundary
indicating that commercial hauling through Big Bend National Park is
prohibited. These signs should be in both English and Spanish.

2. Collaborate with Customs Patrol Officers in apprehension and
citing of violators, through team patrols, particularly at night.
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N19. Project: Re-establishment of Extirpated Species

Historical evidence indicates that Pronghorn (Antelocapra americana),
Desert Bighorn (Ovis canadensis), Black Bear (Ursus americana), Gray
Wolf (Canis lupus baiTeyi), Black-tailed Prairie Dog (Cynomys mexicana),
Opossum (Didelphis virginiana), and the Harlequin or Montezuma Quail
(Cyrtonyx montezumae) were all part of the native fauna of Big Bend

and are now extirpated or are found in minimal numbers.

Action (Continue Maintenance)

1. A breeding population of Montezuma Quail was re-introduced in the
Park at Pine Canyon in January 1973. Subsequent monitoring of the
birds revealed that several individuals were in the same area through
spring 1975. Recent attempts to locate the birds, in May and August
1976, and January 1977, yielded minimal results. It is speculated
that some of the birds may have relocated in another area of similar
habitat not too distant from Pine Canyon. Intensive efforts will be
made periodically under appropriate conditions of weather and tempera-
ture, to locate remaining birds, and an additional plant is planned by
winter 1978. :

2. Pronghorn were present in the Park according to old writings and
there is speculation that their reduction in numbers is due to the
decline of a principle food species, Tobosa Grass (Hilaria mutica),

as a result of overgrazing in pre-park days. Observation within the
past year indicates a present population of 8-10 animals, probably

a result of a re-introduction in the 1950's and 1960's, in two separate
Tocations within the Park. Apparently the habitat has recovered suf-
ficiently for small numbers to be maintained. A vegetative survey of
the extent of recovery of Tobosa grass and continued monitoring of the
present Antelope population by the Park staff will determine the feasi-
biTity and need for "gene pool" introductions to improve herd vigor in
this species within the next few years.

3. An occasional sighting of Desert Bighorn in Big Bend National Park
is thought to be due to Desert Bighorns which have moved into the area
from Black Gap National Wildlife Refuge, adjacent to the Park, where

an active restoration program is being carried out. Within the Park
much of the prime remote habitat best suited for Bighorn Ties between
the south side of the Chisos Mountains and the Rio Grande where poaching
of all types of wildlife is a serious problem. No attempts at reintro-
duction of this species will be considered until feasibility studies

are conducted and poaching is brought under control.

4. The Black Bear, once resident here, no Tonger inhabits the Park
although occasional sightings have been reported. The most recent
verified observation was in 1969 near the Hot Springs by the Rio Grande,
and fresh scat was found in Juniper Canyon in January 1976. It is
believed that roaming bears from the Sierra Del Carmens, south of the
Rio Grande, occasionally enter the Park.
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An ecological survey of the Park was conducted by Taylor, McDougall,
and Davis in 1944. One of the recommendations of the study group was
to set aside Pine Canyon as a refuge for the Black Bear. That area
has since been designated a "Research Natural Area" and the road into
the canyon is to be terminated three and one-half miles (5.6 km) short
of the present terminus,

The Pine Canyon area still constitutes a fine habitat for a small popu-
Tation of Black Bear. A trial reintroduction may be held in abeyance
pending closure of the three and one-half miles (5.6 km) of roadway,
subsequent analysis of visitor impacts on the area and related feasi-
bility, as well as a more positive outlook on the poaching situation.

5. There have been at least two unverified sightings of the Mexican
Wolf in the Big Bend area in the last ten years. Reintroduction of a
viable population of these endangered animals would be highly desirable;
however, the same Togic which applies to reintroduction of the Bighorn
(above) must apply to the Wolf. Although Black-tailed Prairie Dog

and Opossum are not normally the object of poaching activities they
would surely be taken out of curiosity by poachers. Therefore their
reintroduction would be tenuous at best and must hinge on the same
considerations as the species listed above.



N20, Project: Soil Inventory and Analysis

A soil survey and soils map to the family Tevel, as well as complete
soils analysis (textural and chemical) of the park are required to
formulate sound management decisions, contribute to interpretative and

management needs, and to comply with Natural Science Studies Activity
Standards. :

Action (Research)

Research should be initiated, probably through the Soil Conservation
Service, to accomplish two levels of study. First, a general soil
survey and map should be completed for the entire park as soon as
possible. Second, thorough analysis of the soil texture and chemical
features should be completed for strategic areas within the park where
possible development of significant resources may occur..: These pro-
jects may be combined or completed separately.
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N21. Project: Cave Inventory, Protection and Use

There is presently only a sketchy idea as to the extent of caves in
Big Bend National Park. Many basic data are required to provide
safety to the public and preservation of the unique underground eco-
systems and associated fauna contained within the caves.

The alternative to protecting those caves which present substantial
hazards to human life, or to noteworthy natural resources of outstanding
scenic or scientific value, would be to Teave them vulnerable to unauth-
orized entry, destruction of resource, and potential tort claims resulting
from injury to visitors.

Action (Research and New Maintenance)

1. Initiate discussions with professional speleological organizations

to determine the feasibility of engaging these professionals, either
through contract or memorandum of understanding, to provide the explora-
tion, mapping, geological and biological investigations, and other studies
deemed to be important to the park management. Two such organizations are
the National Speleological Society (Cave Avenue, Huntsville, AL 35810)
and the Cave Research Foundation (445 W. College Street, Yellow Springs,
Ohio 45387)

2. Initiate a program of locating and assessing noteworthy caves which
contain scenic and scientific values, inherent hazards to the public, and
initiate the gathering of base-line-ecosystem data on all caves within
Big Bend National Park. (See Appendix A)

(New Maintenance)
When caves are found to contain significant hazards to human 1ife or health,
or where they contain scientifically significant geological, biological,

archeological, or ecological resources they will be properly protected.
Entrance to gated caves will be by permit only.

47



N2Z2. Project: Geology of the Chisos Mountains

Geological studies of Big Bend Mtional Park were published by
Maxwell et. al. in 1967, and serve as a good general geology of
the entire park. However, the geology of the upper Chisos Moun-
tains, particularly the Chisos Basin and adjacent canyons, was
only casually discussed. There is considerable need for a more
thorough study and analysis of the geological formation of this
area for interpretative and, to a lesser extent, maintenance
reasons.

Action (Research)
A thorough study of the geology of the Chisos Mountains should be
initiated and based upon previous work by Maxwell and others. The

research should include the tectonics (structures), geologic mater-
ials, history (ages), and relations to surrounding geolcgical events.
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N23. Project: Natural History of Unique Plants

Considerable study of the park's vegetative zones and habitats have
already been accomplished, and the need for monitoring of conditions
is documents. However, there is considerable need for a thorough
natural history (and taxonomic in a few cases) study of a number of
unique species; i.e., Giant Dagger, Big Bend Agave, Chisos Agave,
Arizona Cypress, Drooping Juniper, numerous cacti, etc.

Action: (Research)

These studies may beconsidered of lower priority than others, but

must be documented to demonstrate the need for those projects oriented
primarily toward interpretation and pure science. Numerous unique
plant species occur within Big Bend National Park. General natural
history analysis of unique species should be undertaken, including
research on distribution, density, morphology, and taxonomy (chromosomal).
The rare and protected plant species identified in the discussion of
Project N10 should be given highest priority in planning for and carry-
ing out these studies.
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N28. Project: Natural History of Unique Animals

Considerable study of the park's animal 1ife and habitats have already
been accomplished. The current need is the continuing monitoring of
some of the park's most unique forms that are not documented elsewhere
within this pian; i.e., Colima Warbler, Zone-tailed Hawk, Golden Eagle,
Lucifer Hummingbird, Yellow-nosed Cottonrat, Spotted and Long-tongued
Bats, Kit Fox, Mountain Lion, Black-headed Snake, Davis Mountains
Kingsnake, Texas Lyre Snake, Trans-Pecos Rat Snake, Trans-Pecos

" Copperhead, and others. '

Action (Continued Maintenance)

Continued documentation of sighting and activities will be conducted
by the park staff as occurrences come up, and special activities may
arise that will require additional time and energy. For example, a
continuing monitoring program of the population stability of the
Colima Warbler will take place every three to four years by Roland
Wauer, at which time assistance from the park staff may be requested.
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N25. Project: Vegetative Trends

Seventy-seven transects were established within the park in 1955 to
monitor the changes in vegetative conditions that follow the elimina-
tion of grazing. These transects were read again in 1963 and 1967,
when they were reduced in numbers and enlarged to conform to a more
acceptable plant transect technique. Data obtained from these trans-
ects have been gathered and analyzed partially. An additional reading
and thorough analysis would provide additional important information
for management and interpretation regarding the vegetative trends.

Action (Research)

As a continuing study of the park's vegetation, following the wildland
fire management studies, the Service should initiate a research study
to re-examine transects and thoroughly analyze the data. A report
should provide up-to-date vegetative dynamics of the woodland, grass-
land, and desert systems. It also should include an analysis of the
park's historic vegetation through paleontological analysis.
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C. ARCHEOLOGICAL RESQURCES - Project Statements
and Programming Sheets
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C. ARCHEOLOGICAL RESOURCES

Archeological research in the park has been sporadic and an intensive survey of
the total park has never been done. Archeological surveys were conducted by the
National Park Service in 1936-37 and by T.N. Campbell of the University of Texas
in 1966-67. These surveys were superficial and the time alloted for the studies
allowed only a portion of the park to be sampled. However, 628 sites ‘were re-
corded by the surveys, and Campbell estimated that a total survey would record
more than 5,000 sites.

The analysis of data acquired by archeological research to date clearly points to
a very long human occupation of the Big Bend area. This began with at least spor-
adic occupation by Paleo-American hunters, possibly as early as 10,000 to 12,000
years ago. This was followed by Archaic hunting and gathering groups who had be-
come adapted to the desert environment that developed after the slow climatic
shift to much drier conditions some 7,000 to 8,000 years ago. In the Big Bend
region these "Chisos" or "Big Bend" Archaic groups seem to have developed a basic
culture that changed slowly over a long span of time, from about 6,000 B.C. to at
least A.D. 500, which clearly indicates a hunting and gathering economy with the
dart or hand-thrown spear as the principal tool item.

Sometime after A.D. 500 a few changes signal a new development and form the basis
for recognition of a new stage, the "Neo-American." In the Big Bend region the
most dramatic innovation during this time was the appearance of the bow and arrow.
Ceramics may have been introduced, but as yet no survey party has reported pot-
sherds from a park site (a few plain gray sherds have been found by local collectors).
It may be that the Neo-American Stage in Big Bend represents nothing more than a
slightly changed Archaic way of life, but this remains for future excavation to de-
termine. Evidence suggests that the Neo-American groups of the Big Bend were

much less isolated from the outside world than the preceding Archaic groups. Also,
it apoears that some of the Neo-American groups of the Big Bend may have been an-
cestral to the Indian groups encountered by Europeans during the early historic
period, and in time it may be possible to link assemblages of late prehistoric art-
ifacts with specific Indian groups who lived in the Big Bend until they were dis-
placed by Apaches and Europeans.

The presence or absence of certain kinds of artifacts, primarily projectile points
and modern artifacts, permit us to make statements about the frequency of occupa-
tions during the four cultural stages recognized: Paleo-American, Archaic, Neo-
American, and Historic. A total of 177 sites yielded artifacts diagnostic of
certain stages. At four of these sites unmistakable types of Paleo-American dart
points occur; at 152 sites Archaic types of dart points occur; at 80 sites Neo-
American tynes of arrowpoints occur; and at 26 sites appreciable amounts of recent
artifacts occur and indicate occupation during the late historic stage. The Tow
frequency of Paleo-American materials suggests a very 1light occupation of the area
during that early stage, but it must be remembered that the remains of the oldest
occupations are more likely to be deeply covered and less likely to be exposed by
erosion. The high frequency of Archaic materials, as well as the presence of dart
point types indicative of early, middle, and late Archaic phases, reflects con-
tinuous occupation over a period of at least 6,000 years by desert-adapted pop-
ulations. The lower frequency of Neo-American sites is best explained by the
relative brevity of the related time span, less than 1,500 years. It is tenta-
tively concluded that during both Archaic and Neo-American stages the population
density remained about the same, somewhat less than the resources of the area
could support at a hunting and gathering level.
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Al. Project: Archeological Survey of High Impact Areas

In the interim before a general site survey of the whole park can be
accomplished, a more intensive survey of designated high impact areas
within the park would be of direct benefit for preservation and pro-

tection purposes. Such a survey could be done as the first phase of
a general survey.

Action (Research)

After consultation with park managers, high impact zones would be de-
lineated in the park. "High Impact" areas will be defined as those
areas where visitation and backcountry use is heavy and where existing
and projected park facility developments represent adverse impacts

on archeological resources. These areas will be systematically
studied using the same procedures for archeological study as described
for the general, park-wide sample survey with the exception that a
reduced amount of acreage will permit an intensive survey approaching
100% of the areas sampled. As an additional aid to both research

and preservation needs, test excavation and surface collection may

be employed more extensively.
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A2. Project: Archeological Site Survey of Big Bend

An archeological site survey of Big Bend is needed. Although a substan-

tial amount of reporting has been done for Big Bend in the last 50- years, a
further and more comprehensive survey effort would be of direct benefit to ' -
park managers, and lend direction and greater scientific significance to "~
future research undertakings in the park. &4 i

The Big Bend is imperfectly understood from a cultural/historical standpoint.
An archeological site survey would do much to round out the prehistoric
sequence, giving greater definition to the prehistoric cultures, their re-
lationships and temporal phases. Further, the archeological record of Big
Bend will present numerous opportunities for investigating the dynamics of
the prehistoric occupation. Questions regarding the adaptation of hunting-
gathering groups to the desert environment, demographic change, seasonality
and scheduling of subsistence activities, exploitative patterns and resource
utilization and other areas of interest may be explored by investigators in
the course of survey work, while directions for future research are certain
to emerge.

Action (Research)

Preceding the actual site survey, a comprehensive literature search would be
made. A compilation of all available field notes, site reports, excavation
reports, and artifact assemblages from previous archeological research should
be made and organized into a body which will give a complete up-to-date detail-
ing of the known aspects of archeology contained in the park. This will pro-
vide data which will be useful in developing a research design prior to field-
work. The archeological assessment of Big Bend, prepared by SMU, will serve as
a guide for this work.

The site survey is the next phase. Because the acreage of Big Bend National
Park is vast, it will be possible to achieve only a sample of the total area.
A 25% stratified sample of the area within each microenvironment has been
suggested as one sampling strategy which may be employed. Approximately 25%
of the total park area would be sampled.

As an additional aid to survey investigators, the project would include the
utilization of remote sensing and Infra-red (IR) and color IR film techniques

to attempt to delineate the extent and location of archeological sites and
features within the proposed survey area. Aerial photography of the survey
area would be followed by a complete interpretation of that photography by the
Chaco Center in Albuquerque and the preparation of detailed maps from the study.

A fourth phase of research, involving Timited test excavation of surface col-
lection at a few selected sites, may become necessary either in the course of
survey work or following the survey and analysis. Limited test excavation would
greatly increase the data from the survey, and would be of use in ilTuminating
many of the questions raised during the survey investigations.

As the survey is set up and conducted, field investigators should be prepared
to provide park managers with information on the condition and preservation
needs of each site.
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A3. Project: Archeological Investigations at Burro Mesa

The Burro Mesa archeological complex consists of a quarry, two large rock-
shelters, and an open camp area. Archeological studies of the Burro Mesa
complex should be conducted. This is necessitated in part by the increased
back-country use of the area and the evidence of vandalism in at least one
site there. While site preservation is preferred, the present situation

may warrant retrieval of archeological data from the sites of Burro Mesa.

The area is being nominated as a National Register district. Archeological
research in the Burro Mesa Complex is certain to yield significant scientific
information. '

Action (Research)

Research in the Burro Mesa Complex would consist of archeological testing of
the Burro Mesa Quarry and associated campsites and rock shelters to locate
sources of each color of flint; obtain information on quarrying techniques;
conduct petrographic analysis of the flint; study the regional distribution
of the flint through time and determine the relationship of habitation sites
to quarry sequence of occupations and the activities which took place at the
sites. :

The study would be done by a qualified institution either under NPS contract
or through the use of grant funding under an Antiquities Act Permit. __
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A4. Project: Preservation of Unexcavated Sites

In some cases the archeological sites of Big Bend are naturally preserved
from further deterioration by the fill material which has accumulated since
the site was abandoned. As Tong as this natural fill completely covers the
sites, no additional preservation efforts are necessary. However, further
 site survey is certain to locate many cases where erosion or other exposure
to severe conditions is resulting in the deterioration of sites of this
type. A number of sites, such as lithic scatters, may have no depth but
may simply occur as Tithic debris strewn about the surface. Technically
speaking, these sites are always in a state of natural deterioration.

A1l sites, regardless of natural conditions and exposure, are subject to
human erosion. The various levels of site pilfering ranging from sporadic
collecting to total dismemberment by pot hunters is a problem which can be
expected to increase wherever visitation in the park is increased. Facility
development in the park is another potential factor which can adversely
affect archeological resources.

Action (Continue Maintenance and New Maintenance)

Previous archeological surveys by the National Park Service and by

T.N. Campbell were superficial and the time allotted for the studies
allowed only a portion of the park to be sampled. However 628 sites were
recorded by the surveys and these data provide some information base for
park management and indicate the potential of archeological resources con-
tained in the park. Subsequent survey projects will utilize to the fullest
extent the information derived from prior surveys as well as information
available from the park staff. The results of a comprehensive archeological
survey of the park and the preparation of a site base map will facilitate
careful site=by-site preservation and protection planning. A continuing
program of surveillance will be made of significant sites to determine any
damage or deterioration, and the source. A schedule of regular inspection
and maintenance will be followed. Backcountry use of the park will be
controlled where there are concentrations of sites. Persons using the back-
country will be informed that archeological sites are protected by law.
Visitation to certain sites may have to be prohibited entirely.

In sites where natural fill completely covers the site, no additional pre-
servation efforts (other than surveillance) should be necessary. For exposed
sites or sites in imminent danger of erosion, excavation or surface collection
may be required as an emergency measure. For cave sites or shelters, exca-
vation or collection should also be considered if the site is deemed vulnerable
or delicate, although alternatives should be considered which would mitigate
factors which imperil the site. '
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D. HISTORIC RESOURCES - Project Statements
and Programming Sheets
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D. HISTORIC RESOURCES

Alvar Nunez Cabeza de Vaca, a prominent figure in the history of the American
Southwest and of New Spain, became the first European to enter the Big Bend re-
gion sometime around 1530. While Spanish concerns during the following 150 years
along the Rio Grande remained concentrated further west, in New Mexico, Spanish
soldiers were called upon on occasion to offer protection to the native peoples
Tiving along the Big Bend of the Rio. After 1776 two mission-presidios were es-
tablished in the region, the Missions San Vicente and San Carlos. San Vicente was
intended to protect the villages along the river where the Apaches and Comanches
made their easternmost crossing of the Rio Grande in their forays into northern
Mexico. Eyentually, however, many of the villages along the Big Bend were destroyed
by the northern nomads so that by the mid-nineteenth century no villages were in-
habited in the immediate region and the area was rarely, if ever, visited by Euro-
peans. The mission-presidios had long since fallen into abandonment. The area re-
mained as a passageway for raiding Apache and Comanche groups as they moved into
New Spain. :

Eighteen forty-eight marked the end of the United States-Mexican War. With the
Treaty of Guadalupe-Hidalgo, all lands north and east of the Rio Grande were
transferred to the United States. The Big Bend ceased to exist as an interior

zone, becoming an international border area. Mexican-Indian peoples along the

river continued to move back and forth across the river however. The Apaches and
Comanches continued to use Rio Grande crossings on the "Comanche Trail" into the

last half of the century. Increased use of the Grand Indian Crossing near the mouth
of Mariscal Canyon resulted in the abandonment of both sides of the Rio near Castolon
toward the close of the nineteenth century.

Just before the outbreak of the Civil War, army reconnaissance expeditions into the
Big Bend country focused on the Comanche Trail and the need for protecting the area
from marauding groups. These reconnaissance parties passed through several of the
well-known Tandmarks in the present park. During the Civil War, all activities
along the Big Bend international boundary came to a halt. .Indian raids across the
Rio Grande by way of the Comanche Trail became most pronounced. The Big Bend re-
mained unoccupied by settlers. But, the coming of the railroad and the eventual
subjugation of the Indians allowed cattlemen to enter the area in the 1880's.
Gradually the Anglo-American population of the area increased. The discovery of
quicksilver at the turn of the century accelerated economic development which
indirectly brought about an increase in ranching and irrigated farming activities.

The combination of the Mexican Revolution of 1910, the outbreak of World War I,

and later the adoption of the prohibition amendment in the United States led to

the creation of a situation along the international boundary between the United
States and Mexico which culminated in a long list of raids along this border. Local
law enforcement officers, aided by Texas Rangers, were unable to protect 1ife and
property along the border. Consequently, in 1911 the United States began the de-
ployment of cavalry forces along the unprotected and unfortified boundary.

The Big Bend country saw sporadic cavalry patrol activity during this time. 1In

the War Department the area became known as the Big Bend district, with headquarters
at €amp Marfa. Gradually the danger of trouble along the Mexican border decreased,
and military units were withdrawn. During the 20's and 30's, a peaceful period

of general mining, farming, and ranching activity resumed and continued until the
Big Bend National Park was officially established in 1944, and the new era of Big
Bend history began.
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Hl. Project: Preparation of Historic Structures Reports

Historic Structures Reports document the findings of the historian,
archeologist, architect, and other professionals; the analysis of
these findings and recommendation of conservation; and, where appro-
priate, construction activities for the appropriate level of treatment
for the structure. The Historic Structures Report is a prerequisite
to the development of Preservation Guides and Maintenance Guides.
Making repairs without knowing what caused the damage usually results
in the need to make the repair again. Historic Structures Reports
attempt to determine causes of deterijoration, and identify means to
prevent further damage.

Historic Structures Reports have been completed for the Hot Springs
Historic District (1968 and 1969), and for the Castolon Historic
District (1969 and 1971). The latter, however, is incomplete, and
requires revision so that it will include the Alvino, Garlick, and
Magdalena dwellings. Additional reports need to be prepared in order
to determine the nature and extent of preservation work to be under-
taken at the following historic districts: Homer Wilson Ranch, Luna
Jacal, Rancho Estelle, and the Mariscal Mine.

Action (Research)

Environmental and fabric research at each of the above sites should

be initiated in order to determine: (1) causes of deterioration,

(2) recommended nature and extent of repair, and (3) estimated cost.
Research to be undertaken in accordance with this action should include
surface and subsurface moisture conditions, soil stratigraphy, weather
conditions, structural materials and design analysis, supply and work
force logistics -analysis, material and labor costs, and estimated
stabilization costs. Documentary historical research will also be
performed to aid in determining structural history.

65



H2. Project: Preparation of Preservation Drawings and Specifications

Construction drawings are required to provide detailed instructions to
preservation crews for those historic structures in need of stabilization.
The drawings will delineate the nature and extent of preservation work

to be accomplished at each of the historic districts except Hot Springs.

Action (Research)

Prepare plan specifications and other appropriate documents detailing the
extent of preservation to be performed.

Research is generally accomplished under Historic Structure Reports, al-
though some detailed on-site investigation may be required for accurate
preparation of drawings.
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H3. Project: Preparation of Historic Preservation Guides

A comprehensive inspection and maintenance plan should be prepared

to ensure the continued maintenance of historic resources by area staff

in accordance with accepted preservation procedures. The preservation

guides will also provide data which managers can use to program sufficient

manpower and funding to accomplish the maintenance of historic structures
~at standard.

Action (Research)

Preservation Guides will be prepared for all the historic districts. A
guide for the Hot Springs area can be completed immediately while the
others should wait until construction has been completed.

Most data will be available from the Historic Structure Reports, as
building drawings or project logs. Some research concerning appropriate
methods of maintaining specific items or materials may be required.
These preservation guides will be subject to review to assure compliance
with Section 106 of the National Historic Preservation Act.
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H4. Project: Preservation of Historic Resources

Most of the historic resources wihtin Big Bend require extensive

work to bring them up to an acceptable level of preservation where
they can then be maintained by the park staff. Preservation work

will be necessary on the following structures or groups of structures:
Castolon, Homer Wilson, Mariscal, Luna Jacal, and Rancho

Estelle. The amount and nature of work varies with each structure or
group of structures and will be detailed in the Historic Structure
Report. Estimated needs in funding and manpower are detailed in the
5-year Programming Sheet; more accurate estimates will be available
upon completion of the Historic Structure Report.

Action (New Maintenance)

Construction activities will be undertaken and adequate supervision
provided by the Southwest Cultural Resource Center to ensure that the
project is carried out in accordance with established policies either
by in-house preservation crews or by contract. These projects will
be subject to review to assure compliance with Section 106 of the

National Historic Preservation Act.
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Lofton Place near La Noria is an example of an unstabilized
historic structure.
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H5. Project: Maintenance of Historic Resources

On-going maintenance of historic structures will be based on the
schedule of maintenance activities as detailed in the preservation
guide. :

Action (Continue Maintenance)

Undertake such work as becomes necessary to prevent deterioration of
structures until preservation construction can be completed. Advice
and/or assistance will be provided by the Regional Preservation team
when the park staff is unsure of procedure, or if needed repairs are
beyond capabilities of the area staff. When a preservation guide

is available, maintenance will be based on the schedule, level

and techniques recommended in the guide.
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IV. OVERVIEW

The following is a review of all actions proposed within the Big
Bend National Park Resources Management Plan and.-outlined in the
four categories described within the plan.

I.

IT.

ITI.

Iv.

THOSE ACTIONS WHOSE IMPLEMENTATION WILL HAVE A SIGNIFICANT AND

MEASURABLE EFFECT ON_IHE ENVIRONMENT. (SIGNIFICANI ACTION)

No such actions are planned. A1l projects included in the
Resources Management Plan were considered on their own merit
and, in every case, those actions planned do not have a
significant or measurable effect on the environment. Al]

of the actions fall into categories II, III, or IV.

(CONTINUE'MAINTENANCE)

THOSE ACTIONS WHICH WILL CONTINUE EXISTING MAINTENANCE.

Natural Resource Projects 6; 7, 8, 9510, 11, 12, 13, 14,
15, and 16; and Archeological Project 4; and Historical
Project 5 fall into thisatype;x ;

THOSE ACTIONS WHICH WItL INITIATE NEW MAINTENANCE. (NEW
MAINTENANCE)

Natural Resource Projects 13, 14, 15, 16, 17, 18, 19, 20, 21,
and 22 ; and Archeological Project 4; and Historical Project
4 fall into this type.

THOSE ACTIONS WHICH WILL ENTAIL RESEARCH, (RESEARCH)

Natural Resourcé'Projectng, é,ﬂé, 4,M5;'é§;_é4, 25,
and Archeological Projects 1, 2 and 3; and Historical
Projects 1, 2 and 3 fall into this type.

DETERMINATION: It is determined that all projects included in the Big
Bend National Park Resources Management Plan and outlined above are
research and maintenance in character and do not significantly affect
the environment or cause controversy. Therefore, in accordance with
the following paragraph from "Environmental Assessments and Statements
Guideline" (NPS, December 22, 1976, Chapter 3, pages 3 and 4),

"Routine maintenance and operation of parks, small
changes in programs for managing resources and
providing for visitor use, and similar continuously
occurring minor actions . . . must be taken in ways
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that ensure protection and enhancement of environ-
mental quality, but a written documentation of their
environmental impacts is not required."

NO ENVIRONMENTAL ASSESSMENT WILL BE PREPARED.

Chief, Natural Resources, Southwest Region ate

D .
Recommended by: (\;QM%/ %“4 11/24 i i

Chief, Southwest Cultural Resources Center ~ Date

Concurred by% é QMOL_MOJ Z’: 77

Associage\ Regional Director, Park Operations Date

Approved by:

||lz|]1'~\

outhwest Region " Date

Regional Director,
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GENERAL INFORMATION AND RECOMMENDATIONS FOR CAVES

The Big Bend region of Texas is one of approximately nine karst regions
in Texas; however, due to its remoteness, few organized speleological
investigations have been attempted. Paleozoic and Cretaceous rocks are
present but caves are known only from the lower Cretaceous age. The

two primary cave bearing units are the Del Carmen Limestone (116-135 .
meters thick) and the Santa Elena Limestone (230-260 meters thick).
Fewer than 50 caves are known from these formations, primarily due to
lack of organized exploration. The great thicknesses of Timestone,
accompanied by strong tectonic forces, make these areas excellent candi-
dates for cave discovery.

The following areas require particular consideration:

1. Mt. Emory Cave.

This cave, Tocated on the north-west face of Mt. Emory, is of particular
interest since it contains one of two known colonies of the Mexican
Long-Tongued Bat (Leptonycteris-nivalis) in the United States. This bat
is present only in the summer since it is a nectar feeder. In addition,
a new genus and species of beetle (Tenebrionidae) and a new species of
beetle (Coleoptera) were discovered in this cave in the early 1960's.
The cave also acts as a nursery colony for the Western Big Eared.Bat
(Plecotus townsendii). ' ‘

There are two recommendations for this cave:

1. The cave is a fault-breakdown cave and is potentially dangerous.
No sport caving should be allowed and entrance should be restricted
to qua]ifjed and competent researchers with specific goals in mind.

2. The cave should be closed between June 1 and August 30 to pre-
vent disturbance of several species of bats which are known to
inhabit the cave during these months.

2. Mariscal Mine

~ This mercury mine is located on the northern flank of Mariscal Mountain
and is extremely hazardous to humans. The mine acts as a nursery colony
for the Western Big Eared Bat (Plecotus townsendii) which is also assumed
to hibernate at Big Bend National Park. Owing to the extremely hazardous
conditions which exist in the mine, admittance to the mine should be pro-
hibited to all but researchers with unassailable reasons for entering and
taking all safety precautions.
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3. Mariscal Mountain Bat Cave

This series of caves, located on the southwest face of Mariscal Mountain
and visible from the Solis parking area, contains a population of cave
swallows (Petrochelidon fulva) which are relatively rare in the United
States. Furthermore, the Bat Cave is reputed to be "unusual in being
bottle-shaped with the bottleneck pointing downward, resulting in poor
ventilation, high concentrations of ammonia and high temperatures. The
cave is dry and a face mask is necessary for protection from breathing
guano dust. One must crawl through the bottleneck to enter the foul bat
room." (Easterla--Ecology of the 18 species of Chiroptera at Big Bend
National Park, Texas, 1973).

This cave contains a nursery colony of Fringed Brown Bat (Myotis thysanodes)
and apparently acts as a summer roost for male Mexican Free-Tailed Bat
(Tadarida brasiliensis). Entrance to this cave should be restricted from
June 15 to August T.

4. Several other areas should be carefully considered for cave management.
The area near Ernst Canyon is reputed to contain a cave of considerable
magnitude, although the exact Tocation is unknown to NPS personnel. There
is another report of a blowhole in the Dead Horse Mountains near Sue Peaks.
These areas should be investigated with the assistance of an organized
speleological group.

Taylor and McDougall (Preliminary Report of Ecological Survey of Big Bend
National Park, March-June, 1944) mention a bat cave in Pine Canyon. They
further state that this cave is the only known breeding site of the Mexican
Free-Tailed Bat in the United States. Location of this cave is presently
unknown to park personnel.

The cave on the south side of Mule Ears Peak was found to contain fragments
of the bones of California condor and the remains of an Audubon caracara.
Other caves no doubt exist which contain significant paleontological and
archeological data. A cave on the south side of Mule Ears Peaks was evi-
dently used as an Indain shelter.

A11 of this merely points out the pressing need for cave inventory, mapping,
exploration and scientific investigation of cave resources at Big Bend.
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5. Classification and Inventory

A dual system of cave classification and inventory has been developed
by the National Park Service, the Bureau of Land Management, and the
U.S. Forest Service, and is in use in several states, including
Arkansas and New Mexico. The classification and rating system is
rather bulky, and is not included in this document. It may be obtained
at the park headquarters or at the Division of Natural Resources
Management at the Regional Office in Santa Fe, New Mexico.
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Archeological Resource Management

The proper management of the vast archeological resources of Big Bend re-
quires a carefully designed program which strikes a balance between preser-
vation of the resources and utilization of the resources for the benefit

and enjoyment of the park visitor. A successful program for management is
one in which research continually aids the manager in maintaining this
balance between preservation and utilization of the resources. However,
until funding for needed research is available, required management actions
to preserve the resources will be based on data from previous research and
staff knowledge of the archeological resources of the park. A schedule of
management procedures to mitigate human impact on archeological sites includes
patrols and surveillance, public education and control over back country use.
Restriction of access and fencina must in the meanwhile be developed and
enforced.

Preservation plannina should include all direct and indirect measures for
protecting archeoloaical sites. "A comprehensive archeological site survey
will provide new information on the locations of individual sites and important
site concentrations which, in addition to the data from previous work, will
enable park managers to program for both preservation and protection of the
resources."

In addition to locational data, the survey will provide information on the
condition of sites. Specific preservation, maintenance or protection needs
can then be determined and scheduled by park management. Data on location,
condition, and visitor impact would be used directly in the monitoring program.

The research design for a comprehensive archeological Survey should be a
detailed program which includes site surveying, ecological studies and

test excavations. The study would utilize all data derived from previous
research, including natural science studies. The site survey should be an
extensive and detailed study which records a large sample of archeological
sites in a systematic manner. The survey will enlarge the data base for the
chronology of the ﬁrehistoric occupation and furnish a study of settlement
patterns and how they changed through time and space. Many ancillary
topics of investigation may present themselves in the course of survey
work. Test excavations of selected sites would be part of the site survey
in order to evaluate the sites and to obtain a better understanding of sur-
face evidence.

Following the site survey, further testing and excavations at a few
selected sites may be appropriate to aid in resolving the questions posed
by the results of the survey and to test specific hypotheses that are
formulated.

In the interim, before a comprehensive site survey is conducted, an effort
will be made to obtain an archeological base map utilizing Campbell's survey
data. Sites plotted on aerial photos at Balcones Research Center can now

be plotted on 7-1/2 minute quadrangles. As park staff locate additional
sites they should be plotted on the base maps using pencil or some color to
differentiate these sites from those that are in the University of Texas
records. 82
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SCOPE OF COLLECTION STATEMENT - BIG BEND NATIONAL PARK

The following scope of collection statement was formulated using the
July, 1975 Interpretive Prospectus for Big Bend and the guidelines
contained in the Museum Operations Handbook.

Scope of collection, specifically, is barely touched upon in the
Interpretive Prospectus:

"The park's museum collection is small and should remain small.
Big Bend is too remote from the established circuit of scholars
to encourage the growth of a large study collection. The park
should 1imit acquisitions to specimens in good or potentially
good condition for exhibits actually planned or programmed. An
herbarium, a cabinet of minerals, and similar collections of
representative species mav be verv useful in the daily work of
the interpretive staff. These do not belong in the museum
collection, however, except individual objects with significant
monetary value. After all, if a pressed lupine is damaged or
lost, it can be easily replaced."

However, as the Prospectus later discusses in greater detail, a large
number and variety of specimens will be necessary if and when a Visitor
Center and exhibit room ever materialize. After a number of years,
exhibit concepts and specimens needed for them may change substantially
from those now envisioned. For this reason, the park's collection of
exhibit-quality objects, whether biological or historic, should remain
flexible and, when possible, continue to grow.

The museum collection is currently used primarily as a study collection
for the interpretive staff and visiting researchers. It contains
approximately 4280 cataloged items, falling into the following categories:

Botanical - 2489 herbarium sheets.
The Interpretive Prospectus and the Museum Handbook
are in conflict over the necessity of cataloging
herbarium specimens. Expendable specimens of the
commonly seen plants are available for visitor use
in the form of a "Know Your Plants" Layman's
Herbarium in the main lobby. However, a more
complete series fills a definite need in the museum
collection and should be continued.
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Archeological - approximately 300 specimens
Many of these are from pre-park field collections,
acquired by donation.

Historical - approximately 250 specimens
Reological and Paleontological - approximately 200 specimens

Zoological - _
Birds- approximately 140 - study skins
Mammals - approximately 50 & studv skins
Reptiles and Amphibians - approximately 75 preserved specimens
Fish - approximately 30 preserved specimens

In addition there is an insect collection of several hundred pinned
specimens.

In addition, paleontological and archaeological snecimens are being
retained at the researching institutions, due to lack of storage space
and specialized curatorial care available in the park. Most of these
specimens are also more accessible to researchers and/or the viewing
public under this arrangement.

The entire collection is housed in the Naturalist Workshop, a small

room at Park Headquarters which also contains the slide files and pro-
jection equipment, darkroom, and workspace for the Interpretive staff.
Snace for museum activities is therefore minimal. Access is from the
interior of the Headquarters building, by building key. When not in use
the room is dept locked. There are few specimens of actual monetary
value, and security needs at this time appear to the adequately met.

The collection is available at any time to park staff and persons engaged
in research in the park, and to interested visitors when an employee is
available to accompany them.

Very few items are on open display, due to the fact that there are cur-
rently few places or opportunities for this type of use. There is a
display in the Community Room at Park Headquarters of common insects and
arthropods which attracts much visitor attention before and after programs
held there. Like the museum, however, this room is open to the public

only when an employee is there. Study skins, skulls, and similar specimens
have been used successfully in afternoon "workshops," to acquaint visitors
with such topics as bird identification, Indian Life in the desert, and
identification of animal tracks and skulls.
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Specimens have been acquired from field work by the park staff, by
donation from interested persons in the surrounding area, and from
in-park researchers. This is an especially valuable source of good
specimens since it 1) fulfills the requirement on the collecting
permit of providing tangible benefit to the park and 2) in many
cases insures a greater degree of expertise in specialized fields
than that immediately available from the park staff.

Museum items are handled according to the Museum Handbook standards.
Aeceession book, catalogue cards, and source of accession file are

kept up to date. Storage is in standard specimen cabinets, and

checked on a regular basis. An oral history tape Tibrary is being
built up, for which a different type of storage will be required.

A safe or vault will be needed to protect master tapes from temperature
and humidity extremes, as well as from all sources of magnetism.
Working copies of tapes will need separate storage, along with
associated files and index cards.

Date of the last complete inventory is unknown. Spot-checks in the
course of up-dating the collection during the past year have been
helpful in locating misplaced and uncatalogued specimens.

We do not anticipate disposal of any specimens in the near future.

Big Bend with its wide range of natural history, geological formations,
and human history, requires for adequate documentation and interpretation
an equally wide ranging museum collection. Natural and archaeological
objects should relate specifically to the park itself. On the other
hand, historic objects may originate in the surrounding area, but still
be representative of life in Big Bend during the ranching, mining,
military, and other periods, as interpreted at specific sites within
the park. 1i.e., Glenn Springs, Hot Springs, Castolon, Wilson Ranch,
and Mariscal Mine. Unless there is some immediate, specific purpose
(exhibit), the park should avoid acquisition of many objects pertaining
to lesser themes, or objects already adequatly represented.

There is room for expansion and improvement in all natural history
categories as research priorities are determined.
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BASIC THEMATIC MAP TFILE

Regional Features

PARK

Population Centers

Political Subdivisions

lL.and Use

Outdoor Recreation Facilities
Transportation, Communication, Utilities
Overnight Accommodations

Land Ownership

SPECIFIC FILE

Topography. There is a U.S.G.S. map, No. N2900 + W12040, 3080 NPS
dated 1969, scale 1:130,000 of Big Bend National Park, Texas.
Available at Park Headquarters and Southwest Regional Office,
Santa Fe, New Mexico. U.S.G.S. map No. 2858-W10248.5, 44X59.5
dated 1970-71, scale 1:100,000; is available at National Park
Concessions, Inc., Chisos Basin, Big Bend National Park, Texas.
U.S.G.S. quadrangle maps Series V882, scale 1:24,000 dated 1971
are available at National Park Concessions, Inc., Chisos Basin,
Pig Bend National Park, Texas.

Geolopy. Geological map entitled, "Geology Map of the Big Bend
National Park, Brewster County, Texas; scale 1:62,500; produced
by the University of Texas, Bureau of Economic Geology. This

map is contained in an envelope attached to the inside back cover
of a book entitled, '"The Big Bend of the Rio Grande' Guidebook 7,
Ross A. Maxwell, The University of Texas at Austin, 1968. Book
and map are available at Headquarters, Big Bend National Park.
Natural Resources Project N22, of this plan, addresses the need
for additional geological research. ‘

Land Use and Ownership. Land Status and Boundary Maps, which
denote status of lands within the boundaries of the park, are

on file at Headquarters, Big Bend National Park and at Southwest
Regional 0Office, Santa Fe, N.M. Information regarding lands .
adjacent to the park may be obtained by consulting the plat
maps, County Assessor's Office, Brewster County Cburthouse,
Alpine, Texas. Updated recent boundary changes are available

at the Division of Land Acquisition, National Park Service,
Santa Fe, N.M.

Soils. A general soil map to the association level is available
and titled "General Soil Map', Brewster County, Texas; compiled
by the U.S. Soil Conservation Service cooperating with Texas
Agricultural Experiment Station, Oct. 1973. Map No. 4-R-33, 113.
The need for a more detailed study of soils within the park is
addressed in Natural Resources Research Project N-20 of the

Resource Management Plan.
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lydrology. !ost of the hydrological features of the park may be
discerned from any of the several U.S.G.S. maps of Big Bend
mentioned above. A detailed hydrological map, current through
Fiscal 1969, is contained in, "A Report of the Progress of the
Investigation of the Water Resources of Big Bend National Park,
Brewster County, Texas" by E. R. Leggat, U.S.G.S. Copies are
available at the Southwest Regional Office, Santa Fe and Park
lleadquarters, Big Bend National Park. 1In addition, "Water Source
Inventory'", identified in the Resources Management Plan as Natural
Resource Project N-1, is in progress. The study deals primarily
with natural water saurces (springs). Maps of spring locations
are included in five large loose leaf binders available at Park
Headquarters.

Vegetation. A vegetation map compiled by Dr. Barton Warnock, Sul
Ross State University, Alpine, Texas and Walter H. Kittams, National
Park Service, in 1970 is available at Park Headquarters. A revision
to include the park road system was done in 1977 by Bill Jones,
National Park Service. Other vegetation maps, drafted at Denver
Service Center during the same period are also available. Also

on file at Park Headquarters are a map of threatened plants, prepared
by Dr. Warnock; and an overlay of Big Bend vegetation in the park
map file which delineated four vegetative "Viomes" (Desert Scrub,
Grassland-Sotol, Woodland, and Forest).

Wildlife. There are no overall wildlife maps of Big Bend National
Park. Several schematic maps representing portions of the park
have been prepared in conjunction with research reports by various
investigators for individual species. (Example: Coyote, Deer -
Mule Deer and Carmen Whitetail, Javelina). Copies of these reports
are available at Park Headquarters, Big Bend National Park.

Cultural. A schematic large map showing archaeological site
locations and groupings is included in T. N. Campbell's report on
Archaeological Investigations within the Big Bend, and is available
at Park Headquarters. This report summarizes Archaeological work
in the area dating from, before establishment of the park. There
has been no complete archaeological survey of the park. See Arch-
aeological Resources Project A-2.

Recreation, Development, and Support Facilities. Maps of these
facilities are included in an approved Developmental Concept Plan
for Chisos Basin. Future development concept plans have been
programmed for Rio Grande Village and Castolon. Each development
concept plan is to be consistent with an approved Statement for
Management, available at Park Headquarters.

NARRATIVE FILE

Climate. Detailed weather information, including temperature

and rainfall averages by month, season, and year; is available

at Park Headquarters, Panther Junction. Summary sheets are

mailed out to interested persons on request. Additional information
in summary form is contained in the Resource Management Plan,
available at the Park and at Southwest Regional Office.
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Socio-economic Invironment. Socio-economic factors were con-
sidered in the Chisos Basin Development Concept Plan and such
studies will be available at such future time of development
concept plans for other areas of the park.

Geology. Narrative treatment of the Geology of Big Bend National
Park is best presented inthe works of Ross Maxwell, first superin-
tendent of the park, '"The Big Bend of the Rio Grande' Guidebook 7"
and "Geology of the Big Bend Area, Texas' published by West

Texas Geological Society, Publication #65-51, 1965. Both books
available at Park Headquarters, Panther Junction.

Land Ownership and Use. 1In addition to the maps previouslyv cited,
documented information dealing with acquisition of lands within the
park boundaries, as well as subsequent boundary changes is on file
at Park Headquarters.

Soils. See previous reference.

Hydrology. See aforementioned Reports and Projects dealing with
this subject, Basic Thematic Map File and Park Specific File.

Vegetation. There are numerous scientific papers, reports and

books, discussing the vegetation of Big Bend, available in the library
and for sale by the Big Bend Natural History Association at the park.
Notable among them are: '"Plants of Big Bend National Park' (GPO 290pp),
W.B. McDougall and O.E. Sperry, 1951; "Plants of the Big Pend National
Park" (Mimeographed 24 pp), Barton H. Warnock 1967; "Naturalists 'Bip
Bend'" Roland H. Wauer, 1973.

Wildlife. As with the Vegetation of Big Bend, there are numerous
scientific papers, research reports, and books discussing the
wildlife, many are lengthy dissertations on individual species,
others are general and inclusive. All are available at Park Head-
quarters. In the '"General' category the following are worthy
references: '"Ecological Survey of the Big Bend Area' Texas A & M
College, 123 pp., K.L. Dixon; "Preliminary Report of an Ecological
Survey of Big Bend National Park' mineographed report for National
Park Service, 55 pp., W. P. Taylor, W. B. McDougzall, and W. B.
Davis, 1944; "Ecological Survey of the Big Bend Area' Administrative
report to Texas Game and Fish Commission, 123 pp., C. C. Wallmo,

D. 0. Dixon, and W. G. Degenhardt, 1957; ''Vegetation and Wildlife'",
National Park Service, typed report, Roland H. Wauer, 1969. In
addition an extensive card file on wildlife observations within

the park is maintained by the park staff and is located in the

park library.

Cultural Values. The Archaeological and Historical (Cultural Re-
sources) sections of this plan contain considerable narrative
information. Copies of the "Archaeological Assessment' of Big

Bend National Park by C. Britt Bousman and Margaret Rohrt, Southern
Methodist University are available at Park Headquarters and at the
office of Cultural Resources, National Park Service Southwest Region,
Santa Fe, N.M. Historical studies and reports are also available.
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Recreation, Development and Support Facilities. See reference
regarding Park Specific File.

ANNOTATED BIBLIOGRAPHY

Appendix to Resource Management Plan.
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Implementation Plan
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BIG BEND GAMBUSIA
HABITAT MANAGEMENT PLAN

BIG BEND NATIONAL PARK

The following material was developed for the express purpose of
providing guidelines for preservation of Big Bend Gambusia (Gambusia
gaigei) within a stable habitat at or nearby the species' type
locality. This plan complies with policy directions for endangered
species within areas of the National Park Service. The plan is not
intended to serve as a '""Recovery Plan' per se, but was developed with
the recovery of the species as the principal goal. The plan is not

a "Critical Habitat' management plan, either, but may be considered
as directions for preservation of the "essential habitat" for Big

Bend Gambusia.

BACKGROUND

HISTORICAL AND CURRENT STATUS

Gambusia gaigei was first recognized by Carl L. Hubbs (1929) who

described the species based upon specimens collected by Frederick M.
Gaige on August 3, 1928, "from marshy cattail slough fed by springs
located close to the Rio Grande at Boquillas, Brewster County, Texas,
opposite the Mexican village of the same name," No further specimens
were collected until June 11, 1954, but these were obtained from the
Graham Ranch Warm Spring (spring 4). See Map A for locations. It is
highly likely that the type locality is not the Graham Ranch Warm Spring

as Gaige wrote to Hubbs and Springer (1957) in 1956, "Boquillas Spring
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is a different one at which a bathhouse was built."

In 1937 and 1938 the Boquillas area was visited by Drs. J. T. Van

Tyne and W. F. Blair and by Professor Leo T. Murray. Dr. Van Tyne

reported (Hubbs, 1940) that "this is the largest river-side spring

in the Big Bend region, and one of the permanent waters of the region,"

and Professor Murray reports that "this cattail slough was being

eroded rapidly by side cutting of the Rio Grande in flood when I

visited Boquillas in August, 1938. If the process went on long

after I was there, this type locality is gone. The fish, however,

will persist in the spring above the flood plain."

Both the Van Tyne and Murray reports better fit Graham Ranch Warm

Spring (or even spring 1) than the springs near the old ranger

station (now the Research Station). Spring 4 is substantially

larger (Van Tyne) than the others and distinctly above the flood

plain (Murray). It seems likely, therefore, that Van Tyne and

Murray may have thought Spring 4 was the type locality. In contrast,

however, Gaige specifically disagreed and stated that he collected

the fish at a different spring and one at which a bathhouse had been

built. His memory is substantiated by observations by Carl L. Hubbs

that fish collected by Gaige in 1928 differ morphologically from those

obtained at Spring 4 in 1954.

There is a spring near the present road leading to the ford across

the Rio Grande to Boquillas Village. That spring has concrete walls

and fits the Gaige description very well.

Furthermore, Ranger John

Palmer felt that was the Boquillas spring but that it had ceased
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flowing for a while in the early 1950's. This spring now has popula-

tions of Gambusia affinis and extensive searches have not resulted in

discoveries of any resident G. gaigei. Parenthetically, G. gaigei were
placed in that spring in 1956 but no survivors were noted.

Although the Van Tyne and Murray observations do not substantially
detract from the pfobability that G. gaigei originally were collected
from Boquillas Spring they do suggest that Gambusia occurred in spring
4 during their visits--the status of field biological resources in the
1930's was that type localities were seldom so precisely located that a
sample from 2 km distant would not be construed to be a different loca-
tion. Dr. W. F. Blair accompanied Dr. Van Tyne but cannot recall the
details of the itinerary of their visit to the Boquillas area. The
evidence available supports a hypothesis that in 1930 G. gaigei lived
in at least two springs (and perhaps also spring 1) on the north shore

of the Rio Grande 2-4 km west of Boquillas Canyon.

Subsequent efforts to discover additional populations of Gambusia
gaigei in the Boquillas area have been unsuccessful. The various
outflows at Hot Springs, "Bathtub" springs, small outflows very close
to the river bank, and even Glenn Springs have been examined but no

Gambusia gaigei obtained. At present, G. affinis abounds in the out-

flows of Boquillas Spring and Spring 4.

Regardless of the probability that G. gaigei once lived in Boquillas
Spring the entire known population is descended from Spring 4 stocks.

Boquillas Spring was examined in 1956 and no fish were seen in that pool.
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District Ranger John Palmer reported that the spring had gone dry
"a few years ago'", presumably during the drought years. Water was
in the spring pool that fall but no fish. Later G. affinis were seen

there, presumably invaders from the adjacent Rio Grande.

There is little firm information on the conditions at Spring 4 prior

to June 1954 when it was visited By Dr. V. G. Springer and Clark Hubbs.
At that time the spring was enclosed in a rock and concrete circular
wall ca 2m high--this wall still stands but is now covered by a con-
crete roof. The waters from this pool overflowed through a hole (still
existing)‘on the west side and emptied into a dredged ditch flowing at

a right angle to the south. That dredged ditch was "1 foot wide and

2 feet deep.' Traces of a retaining earth dike can be noted on the

east side by photographs of that ditch taken in 1956 by Jerome Dorf.

The dredged ditch extended south "about 40 feet from the spring to form
a pool about 20 feet wide, 40 feet long,.and 4 feet deep." That was the
total range of G. gaigei in 1954 and 1956. 1In 1956 Clark Hubbs examined
the region west of the dredged ditch and noted what appeared to be a
natural stream course that extended to a row of trees among which rem-—
nants of an obvious spring run could be observed. This water course
can still be noted 20 m + east of Rio Grande Village Campground at the

start of the Nature Trail.

It was apparent in 1954 that the dredging and pool construction was
relatively recent, presumably the previous summer. By 1956 the surrounding
emergent vegetation had drastically increased, so much that it had to be

cut and removed to facilitate remedial work that fall. Presently the
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vegetation has so overgrown the area that it is not possible to deter-
mine the precise location at the dikes and water courses unless the
"reeds" are cut again. In 1954 and 1956 (drought years) little or

no water left the "40 X 20 foot" pool. Now (normal rainfall year) a
stream leaves and crosses the nature trail ca. 20 m east of the "natural"

stream course. That water soon drops precipitously into the Rio Grande.

The dikes seem to have been built in conjunction with planned develop-
ment at Rio Grande Village. The objective seems to have been the con-
struction of a children's fishing pool. Apparently, catchable fish
did not naturally populate the pool so they were supplemented with
fish ("catfish" and "perch'") seined from the Rio Grande. Presumably

that action also resulted in the release of Gambusia affinis (as well

as Notropia lutrensis and N. braytoni) also. As there are no pre-1954

samples available, it is unknown whether the mosquito fish previously
lived in the spring 4 outflow above the steep north bank of the Rio
Grande; presumably that bank served as a barrier to the upstream dispersal
of G. affinis. Under any circumstances most fish sampled in 1954 were

Gambusia gaigei, but conditions were vastly different on April 27 and 28,

1956, when G. affinis were much more abundant than G. gaigei. Following
that observation recommendations for remedial action were made (Hubbs and
Broderick, 1963). The serious nature of the status of Gambusia gaigei is

underscored by Matthiessen's (1959) premature report of its extinction.

The first remedial program was on October 9, 1956, when 25 G. gaigei were
seined from the dredged ditch and placed in live tanks. Then the pool

area was treated with rotenone in a futile effort to eradicate G. affinis
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from the ditch and pool. Fewer than 25 additional G. gaigei were

found affer‘the treatment, suggesting that a delay would have caused
Matthiessen's bessimistic report to have been valid. No other G. gaigei
have been found in the Spring 4 outflow, but G. affinis was soon seen to
have repopulated that region. Fifteen of the 25 fish were placed (5 in
each) in Boquillas Spfing, Glenn Springs, and a stock tank along the
Glenn‘Springs Road. None were seen again and presumably died. The
other 10 fish were divided into #wo units, 6 to a tank adjacent to
Panther Junction and 4 (2 % + M) transferred to Austin. Two of the

6 fish at Panther Junction died, the others survived and reproduced

but all succumbed during the following winter (presumably due to cold
weather). One of the two females taken to Austin died but the other
female and the 2 males survived the winter in a laboratory aquarium room
(including one time when a part of the building was treated with an
insecticide and the fish in one-half of the aquaria perished). The
following spring the three surviviors (and only living representatives
of the species) were returned to Big Bend National Park and placed in
one of two adjacent pools maintained for this species. These two pools
are adjacent to and south of the asphalt road connecting the Rio Grande
Village and the group campground by the Berkeley Cabin. The descendents
flourished and commonly exceeded 1000 individuals and for a time all was

well.

The campground in the Chisos Basin commonly was filled and the campground

and associated facilities at Rio Grande Village were needed to accommodate

the overflow as well as visitors desiring a river bank camp site. A
number of native shade trees were planted around the campgrounds. These
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trees were irrigated with Rio Grande water which accumulated in a pond
on the immediate north bank of the asphalt road. Overflow water from

that pond supplemented the water in the Gambusia gaigei refuge. Presum-

ably Gambusia affinis were pumped from the Rio Grande with the irrigation

water. Apparently, green sunfish (Lepomis cyanallus) entered the refugium

by the same provenance. Some of them entered the uppermost (northern)
pond, thrived and spread to the middle pond (the lowermost = southern,
commonly dried so often that it contained no living fish). When this
situation was discoveréd on April 16, 1960, it was obvious that the
processes of 1954-1956 were again under way and it was expected that

it would be an even more rapid decline in G. gaigei abundance as the
contaminated pond had somewhat different environmental conditions than
occurred in the Spring 4 area. Consequently, 15 G. gaigei were collected
and transported to Austin (2 died) but 40 young were born. Sixteen of
the 50-60 fish were transferred to the University of Michigan for insur-

ance against a catastrophy.

During the 1960 summer the present refugium pool (Gambusia Pond) was dug
and filled with water pumped from Spring 4 (also Spring 1). Twenty of

the 38 surviving in Austin were taken to the park on August 7 and placed
in the new pool. The old refugium pool was seined at that time and the

8 G. gaigei that were collected were transferred to the new refugium.
Subsequently, no G. gaigei have been found in the old refugium. As

soon as it had been recorded that the new refugium had a viable population,
the Michigan stocks were discontinued. The remaining 18 fish in Austin
were transferred to the Brackenridge Field Laboratory at which location

they have been continuously cultured.
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During 1968 Chief Park Naturalist Roland H. Wauer noticed that green
sunfish were in the new refugium (Wauer, 1973). Presumably they had
been placed there by "sport" fishermen who had caught them in the old
refugium. Regardless of their source, they were there and presented a
problem. The water level in the pool was lowered G. gaigei set aside,
and all remaining fish eliminated. Then the G. gaigei were returned
and the population was reestablished and flourished. Pool maintenance
involved periodic checks of water level and if low it was filled with
water pumped from Spring 1. As that spring had no surface flow there
was little potential for fish introduction along with the water. At
periodic intervals the emergent vegetation that grew near the banks and
often extended well across the shallow refugium pond was cut or pulled
up. Some was removed but much was left as a source for nutrient recy-
cling. This action undoubtedly resulted in an accumulation of mulch on
the bottom, and a gradual decrease in depth of a pond that had its depth
"regulated" by control of surface level. The Gambusia Pond security was
primarily by isolation. There is no extensive publicity concerning the
pond which is located in a brushy wooded grove at the end of an earthen
trail. The pond is surrounded by a 3 strands of barb wire on top of a
woven wire fence with a locked gate. A National Park Service sign briefly

explains the purpose of the pool to persons who happen onto the pool.

The G. gaigei population cultured in Austin similarily underwent develop-
ments. The stock was transferred to a 6 m diameter X 2 m deep plastic
lined swimming pool in 1965. That pool has had a constant flow of well
water since that date. Periodically, subsets from that population are

taken into the laboratories on the main campus to ensure overwinter survival.

117



Other subsets have been placed in smaller plastic lined pools but those
have now been discontinued. In 1971, a subset was taken to a concrete
lined 10 m? pool X 4 m deep. An adjacent identical pool was used to
house another backup population of the related and critically endangered

Gambusia amistadensis. Both concrete lined ponds were supplied with well

water from a single outlet between the ponds. Flow to both went through
a T which unfortuﬁately had no valve structure. The water went from the
T to the bank of each pond. When dead G. gaigei were found following a
cold night in 1972, it was noted that the hose to that pond had been
moved; apparently, at some time in the past someone had taken a drink
from the hose and carelessly dropped it so that it no longer flowed into
the pool. Sohe_g. gaigei survived this disaster. The hose was returned
to the pond but placed beneath the surface as was the hose to the G.

amistadensis pool. Direct water connection between the pools made it

possible that both backup populations were contaminated by individuals

of the other species entering by swimming up one hose and passing down
current in the other to the second pool. Thus the stocks in the concrete-
lined ponds may have been contaminated. In 1973, the U.S. Fish and Wildlife
Service was considering options for future use of the National Fish Hatchery
at Dexter, New Mexico. One of the proposals was to have it used as a

center for research on rare and endangered species. The preparatory studies
included an evaluation as to whether various endangered species would
survive there. Fishes chosen for this test were those housed in the
concrete lined ponds as they were less valuable than those known to have
been kept separate. After the Dexter stocks were known to survive and

flourish, they were replaced by pure stocks on August 9, 1976.
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Following the 1968 problems with green sunfish, the G. gaigei in the
‘Gambusia Pond at Rio Grande Village again flourished. The status was
periodically examined by a variety of visitors and Park Service personnel.
The next notable observation of difficulties was in becember 1975 when
Harry Steed observed dead Gambusia and others swimming erratically so

that they beached themselves among the leaves that had fallen onto the
bank. This behavior is suggestive of lethal cold shock: (1) the weather
on the preceding night had been cold: (2) the water surface was low; and
(3) the accumulation of organic debris had raised the bottom. As no

source of inflow water was available to mitigate against the climate, it
seems likely that the 1972 problems at the concrete lined pond in Austin
had been repeated in 1975 at Big Bend. The absence of previous occurrences
was undoubtedly due to the larger volume of water that depressed thermal
oscillations caused by sudden cold weather. A major contributant to the
new problem was undoubtedly the unexpected shallowing of the pond due to
accumulation on its bottom. On March 16, 1976, John G. Williams and

Thomas Lucier observed the refugium and found no fish. Following that
disturbing report, Roland Wauer, Clark Hubbs, and John Williams visited

the park on May 6 and together with local park service personnel, Frank
Deckert, Hugh Crenshaw, and Harry Steed examined the pond and found no
fish. On August 7, Roland Wauer, Clark Hubbs, Lemule Garrison and numer-
ous park service personnel visited the area and noted live Gambusia, pre-
sumably descendants of unknown stocks maintained indoors in the park at the
time or from a small surviving stock in the pond that went undetected by the
observers. At that time the stock was supplemented by stocks transported to
Big Bend from Austin. Subsequently, a flow through system based on water

from Spring 1 has been established to enhance survival of the stock.
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RELATIONSHIPS

Gambusia gaigei was considered as related to G. senilis and G. noblis

by Hubbs (1926) who subsequently (1929) grouped the species in the

Gambusia nobilis species group. Subsequent authors have placed g,vgaigei

in either the G. nobilis or G. senilis group (depending upon whether G.

senilis and its relatives are considered as in a distinct group from

G. nobilis). All authors consider G. gaigei closely related to G. senilis.
The sole controversy on the distinctions of G. gaigei are based on

the relationships with the subsequently named G. hurtadoi and G. alvarezi.

Rosen and Bailey (1963) considered the two Chihuahuan species as junior

synonyms of G. gaigei an action presumably endorsed by Alvarez (1970)

who did not list the two species among the fishes of Mexico. In contrast,

Rivas (1963) considered the three to represent distinct species, an action

endorsed by Miller (1977). Unpublished discriminative test data at the

University of Texas supports species level distinctions among the three

taxa.

BIOLOGY

The biological data on Gambusia gaigei is sparse and quite uneven. Hubbs

and Broderick (1963) report two broods (from small females) totaling about
40 young. Fecundity is undoubtably curvilinearly related with female

size as it is in other species of Gambusia (Hubbs, 1971). Thus large
females may have up to 100 young per brood and the smallest ones as few

as 1. Under natural conditions broods presumably are produced at monthly
intervals until female death; but in the present refugia, there is a winter

non-reproduction period of 3-5 months. Females become sexually mature at

3 months of age, and continue to grow throughout their lives.
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Peden (1972, a, b; 1973; 1975) has shown the behavioral repertoire

of male Gambusia gaigei and that males have a posteriorally oriented

copulatory activity. He has also shown that males prefer dominant
females over submissive females and that they preferred conspecific
females (or those of G. hurtadoi) vastly more than other females.

He also described differences in male and female genitalia and coro-
lated male thrusting with the direction of opening of the female's
urogenitial apparatus. Warburton (1958) showed that G. gaigei was
unable to compete successfullywith G. affinis in artificial ponds in

Brownsville, and Hagen (1969) showed that G. gaigei was relatively

tolerant of heat shock.
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MANAGEMENT PROGRAMS

This portion of the plan deals with specific management of habitat for

the benefit of Big Bend Gambusia. It is divided into three sections:

The Gambusia Pond, a short-term management activity; A Gambusia Pond

Runoff Program; and A Big Bend Gambusia Natural Habitat Restoration

Program, a long-term management plan. The short-term program is de-
signed to maintain the existing population in a holding pond and to
provide safeguards against further deterioration of that population.
The Runoff Program is an interim measure to restore Big Bend Gambusia
to a somewhat natural environment using the present system with minor
adaptions until such time as funds are available and the restoration
activities are completed. The long-term program is designed to create
a new habitat closely resembling the one in which the species evolved,

and to provide safeguards against impacts.

THE GAMBUSIA POND

The pond was built in 1964 to maintain a remmnant population of Gambusia
gaigei nearby its type locality. The pond was 200 feet long and 50 feet
wide, with a depth of about two feet. Water supply is derived from two
sources; a minimum amount naturally enters the bottom of the pond and
this is supplemented by pumped water from a well at Spring 1. Until
Fall 1976, supplemental water was manually added several times each

summer and during the coldest parts of the winter as needed.

Due to the Gambusia die-off in the 1975-76 winter and followup communi-

cations, as discussed in the background section of this document, the
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Gambusia Pond was rehabilitated so that it would become a more stable
environment less subject to climate and man caused catastrophies. The
pond was deepened and slightly enlarged by elevating the overflow, and

a constant water inflow from Spring 1 was installed.

The following are monitoring guidelines for Big Bend National Park that

will provide constant checks of the Gambusia Pond system:

RESPONSIBILITY ACTIVITY TIME

Resource Manager or 1. Casual examination Monthly

local Ranger who has of water level and

been oriented on fish inflow.

species and require-

ments. 2. Careful examination First week of
of aquatic environ- February, March,
ment to determine if April, June,
any other fish species October and
has been introduced. December.

Maintenance Foreman 1. Casual examination Monthly
of water level and
inflow.

The above actions should alleviate the cold water problem during the
winter months and provide a constant monitoring against a potential

catastrophy caused by introductions of exotic fish species into the

system. It does not eliminate the actual introduction of exotics.

That problem is addressed within the Big Bend Gambusia Natural Habitat

Program.

A GAMBUSIA POND RUNOFF PROGRAM

Current runoff from the Gambusia Pond is through a pipe on the southern
side of the pond. Excess water spills into a mesquite bosqug between the
pond and roadway and flows easterly along the roadway for approximately
100 yards before sinking into the soils. It seems logical to take advan-

tage of that runoff prior to the time that the long-term program is
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implemented. This program will provide (1) an early stream-type system
with minimum expenditure, (2) an opportunity to test the effects of
streamflow within the area where Program 3 is planned, and (3) an
opportunity to study the population dynamics of Big Bend Gambusia

in a stream environment after years of reproduction in ponds.

Implementation of the Runoff Program will be undertaken during 1977

in the following steps:

A. Permit the runoff area to dry as soon as weather permits. Just

as soon as potential freezes no longer exist, the pump on Spring 1
will Be turned off. This action will stop the flow into the Gambusia
Pond and consequently the overflow.

B. Just as soon as the area dries, Regional and Park personnel will
select an appropriate route within the mesquite bosque. Mesquite will
be cut and a stream channel will be dug.

C. Following construction of the channel, water will again be pumped
into the pond and overflow into the stream channel. This flow will be
continued for 60 days to permit a natural food supply to develop.

D5 Following the 60 day period, Clark Hubbs will examine the stream

to determine if sufficient food is available. If the habitat is suitable,
a number (25-50) of Big Bend Gambusia will be taken from the pond and
released in the channel.

E. A monitoring program will be initiated to determine if the Big Bend
Gambusia population survives, and the effects of the new streamflow on
the environment. That program will continue indefinitely, or until

such time as the Habitat Restoration Program is fully implemented.
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A BIG BEND GAMBUSIA HABITAT RESTORATION PROGRAM

The natural habitat of the endangered Big Bend Gambusia is believed to
be spring heads and the upper reaches of outflow streams. Under these
natural conditions, the species was able to compete successfully with

Mosquito fish (Gambusia affinis). It is only in the artificial pool

situation where Mosquito fish can and does out compete Big Bend Gambusia
Apparently, the two forms survived within the same streamcourse from the
departure of the Pleistocene until man manipulated the natural habitat

for his own well being.

The concept of habitat restoration is an accepted practice within the
National Park System (Management Policies, 1975, IV-17). That policy
is strongly supported by Service obligations under the Endangered Species

Act of 1973.

This program includes the restoration of a stream flowing from Spring
No. 1 with a flow easterly toward the Rio Grande. Big Bend Gambusia

would be introduced into this system. The project entails removal of
the existing well house and cap over the spring to permit the maximum
spring flow. A concealed pump would still be necessary for continuing
the flow to the Gambusia Pond, at least until such time as the stream

restoration has been proven successful.

The watercourse from the restored spring head would be allowed to follow
the historic channel along the hillside toward the Berkeley Cottage
historic site. Development of this plan would necessitate the removal
of the paved roadway to the Berkeley Cottage, removal of the small group

campsite, and relocation of the maintenance yard. The concept proposed
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herein is the restoration of the entire Berkeley Cottage-Spring 1 area

to the condition that existed when the cottage was used by Berkeley and
the spring flowed freely. The plan includes the use of this area by park
visitors as a historic/biological scene without disturbances of vehicles.

See Map B for details.

Entry into the scene will be from a parking area nearby the roadside

pond at the northeastern corner of the Rio Grande Village Campground .

A round-trip interpretive trail would lead along the south hill (site

of old buildings of original inhabitants) to the Berkeley Cottage, past
the beach (now at the end of the pavement), and return along the Gambusia
stream. The trail would provide excellent interpretive opportunities of
historic and biological interest. The implemented plan would provide
greater protection for the Gambusia stream and pond, as well as the
historic scene. Fencing of the entry area (Map B) would help to restrict
introductions of exotics into the systems and provide additional access
control. The possibility of an eccentric act of rotenoning the water or
purposely introducting exotics does exist but one that we must live with.
Backup stocks of pure Big Bend Gambusia will be retained at Dexter Fish

Hatchery in New Mexico and Clark Hubbs' holding facilities in Texas.

The Streamcourse

The stream must be designed to resemble the habitat that Big Bend Gambusia
previously occurred in as nearly as possible. The stream should be designed
to meander through the natural drainage area in order to provide as much
habitat as possible, and finally seep into a gravel drain before reaching
the Rio Grande high water mark. The stream and its raparian zone must be

entirely free from potential pollutants such as gasoline, oil, chlorine, etc.
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Water Availability

There is some question about being able to rejuvenate the flow of Spring
No. 1. Flow records indicate that Spring No. 1 flowed up to 200 gallons
a minute before it was capped in 1957 (James Chambers, pers. comm.).

Flow apparently has been severely reduced since. Flow measurements have
been made only twice afterwards; 2-4 gal/min was recorded by hydrologist
Ed Leggett (pers. comm.) in May i961, and 2-4 gal/min was recorded on

the National Park Service spring flow schedule report for July 15, 1966.
Chambers believes that the flow was cut off when the well was constructed,
and that the removal of the well wall away from the hillside would pro-
vide considerably more water than the two recent records suggest. This
opinion is supported by the several obvious seeps along the adjacent hill-

side that suggests that the flow has been diverted by the 1957 construction.

If Spring No. 1 cannot be rejuvenated and the flow is found to be inter-
mittent or frequently falls below 50 gal/min a supplemental water source
is necessary. The best possible alternative is a small spring that exists
below the Berkeley Cottage in the floodplain of the Rio Grande. A small
well could be drilled there, a submersible pump installed (to pump more
than 50 gal/min) and a pipe run up the drainage to the spring head.
Although this addition is artificial in nature, the natural flow from
Spring No. 1 will provide a "buffer" supply of water should the pump

fail for short periods.

Implementation of the Big Bend Gambusia Habitat Restoration Program will
be undertaken in the following steps:

A. Determine suitable channel and develop specifications of the program
that includes all of the elements below.
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B. Eliminate the small group campsite.

C. Relocate the maintenance yard.

D. Remove paved roadway.

E. Dig channel as designed in A.

F. Remove well house over Spring 1 and restore conditions that will
permit spring to flow into new channel.

G. Monitor channel flow and progress of food buildup in new stfeam for
a 60 day period.

H. Following the 60 day period, Clark Hubbs will examine the stream
to determine if sufficient food is available. If the habitat is then
suitable, a number (100-200) of Big Bend Gambusia will be taken from
the pond and released in the channel and/or the runoff channel will be
diverted into the new stream.

I. A monitoring program will be initiated in conjunction with gﬁidelines
prepared by Dr. Hubbs. That program will continue indefinitely.

J. When it is determined that the stream population is successful the
runoff channel will be eliminated in a way so that all of the fish are

moved into the stream.
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APPENDIX G

Annual Review, Changes and Dates
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ANNUAL REVIEW, CHANGES AND DATES

The Resources Management Plan will be reviewed annually by the
Superintendent and the Regional Resource Management Plan Coordinator.
Necessary changes will be initiated at the park area for approval

by the Superintendent and the Regional Director.

Redources Management Plan Date
Coordinator
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