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z) rorthe enlightil; managerient oh ur.heorosicaland historical-resources,.and 

3) a set of re_search reconrnendationi-ino prioii ties which aredesigned to obtain ;iliiionii i;formation formanagement and i nterpretati on. 
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I I . STATEMENT FOR MANAGEMENT

A. 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 ,prov'ided
that ". . .lands. . .as necessary for recreational park purposes.
,dl"€ hereby establishedo dedicated,'and set apart as a publib park for
the benefit and.enjoyment'of the people. . i. .rt The act,also' stiBulated
!!ut_the provisions of the National Park Service 0rganio Aet of,August
25, 1916 (39 Stat. 535); apply, ". . .which purpose is'to conse:rve the
scenery and the natural and historic objects and the wilcilife therrein
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 futur.e
generati ons . "

B. SIGNIFICANCE OF PARK RESOURCES

Big Bend National Park is a nationally-significant example of the
finest and most scenic desert and mountain topography in tfre United
States. This is a land of dramatic contrasts--of .1o1r0,, woodedi peaks,
and river swept floodplains--dominated ;by'.great expansLs. of Chihuahuan' Desert--containing specthcular. geologic feitur.es and other impressive. landforms. i

Complementing the distin.ctive topography is an unusual arr-ay of p'lant
and'animal life, corresponding in.divers'ity to the,rmultitude of habitat
!.ypes_ prov,ided by the brcoad. elevation range. .Over 1000,speeies of plants,
62 of manmals, 386 of birds, and 46 of rep'tiles jare known to inhabii tfre
area, including many tha,t,:are endangered, ;threatened, and -protected.

'

The Chisos Mountains visually dominate" the central portion of the park.
4. compact range of rounded rrocks, verticar, c;ri"ffs, and deep canyons,
the Chisos are the southernmos.t mountain mass in the United Staies,-
and are the only mountain range totally contained within a unit of the
National Park System. This cool woodland environment, contnasting so
dramatically in character with the harsh lowlands, has long been an
'important focal point for visitors, and the prirnar.y locati6n for visitor
services and related facilities.
Surrounding the Chisos Mounta,ins are vast al l uvial plains, intemupted
by isolated mountain masses, wh.ich are considered pirrt of.the greal Chi-
huahuan Desert. This' starrk l'andscape is' the,abode.of an astonishing
variety of plants and animals, which, through a variegy of adaptati6ns,'are able.to thrive,in conditions,'of ertreme heat and diyness.



C.

For 
.|07 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 adiojning 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 temain may be viewed.
The entire region, on both sides of the Rio Grande, is rich in history
and cultural interest.

LAND CLASSIFICATION

Natuna I Zone

The vast majority of the park's 708,221.20 acres (286,617 ha) are
presentl-V classified and managed as Natgral 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 Mountajn
complex, a'long with related foreground lands, and the three river
canyons, are all cllassified and managed as 0utstanding Natural
Feaiure 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 Recornmendation initiated
in Jinuary 

.|973 is presently undergoing congressional review. (Another
25,700 acies (10,:401 ha) have been reconrnended as potential -wilder-
ness additioni, but are not now classified and managed as Wilderness
Subzones because they include lands with power and phone 1ines.)

Historic Zones

A number of historic districtsn sites, and properties in the park
that are listed on the Nat-iqra1 Register of Historic=Plaggln.along
with other important lo lassified 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
preservL, protect, and interpret their values; and that activities
lherein itritl generally be limited to sightseeing and the study of

1.

2.



D.

the historical features. These his"toric properties are listed
in the "ldithin-Park Influences" section, alonq with additionar
sites that may become eligible for I'lational Register inclusion,andthereforealsoHistoricZoneclffianag'etnent.

3. Development Zone : ,. r' "':

Lands at Chisos Basin, Panther Junction, Rio Grhnde Village,
and castolon, where the natural or historic envi'ronmen,ts',iave
bieen altered to provide for vis,itor accommodation and,use, ,ot
National Park Service and concessioner support-facilities, are
classified as Development Zones, .which means that they are, ,

managed to serrve relativelv large numbers of park visitors.
Two, potenti,al Development Zones exist at the two park :i.

entrances, Persirnrnon' Gap and l{averick, for lvisitoi conrtact,
information, and protection services.

INFLUENCES ON MANAGEMENT

I . Leg i sJ a ti ve 'Cons tra i nts

All management, planning, and development' decisioh makinq
and actions relating to Big Bend National Park must confbrm
!g groyis_ions_of the establ ishment-authorization legislation
(Act of June 20, "1935, 49 Stat. 393, appended); legislation
relating to.cession to U.S. jurisdiction' (State,Aci of May I2,
1939' Art. 6077e,' vern'on's Annotated'Reviied civir statutirs of
the State' bf, Texas, appended') ; conunissioner-appointment-
authorizing legislation (Act of May 15, 1947,'61 Stat. 9.|,
ggRended); and two acts of land-acquisition legislatiUfr,,
(49! of_Algust 30, 1949i 63 Stat. OZ9; ana Act-of,August B,
1953, 67 Stat. 497i' both appended); deci,sions and aclion!
must_also comply with National Park Service Management policies
(1975)i the Antiquities Act of '1906; the Nationai park Service
Organic Act of 1916; the Historic Sites Act of 1935i the
National Environmental Po.licy Act of 1969; Executive Order ll5g3
9f May l'3, '1971; and the Archeological and' Historic Data, :

Preservation Act of 1974.

The establ'ishment-authorization act of June 20, .|935, 
r'equired

that lands for the park be secured only,by pubric and private
donations. subsequent acts of August 30, 1949 (63 stai. 679)
and August 8, .|953 (67 Stat. 497); respeitively,, authorized iheInterior to,acquire lands; in certain sections bf Brewster county,
Texas, and to pfocure the remai'ning non-Federal land and intere;Bin land within the boundaries of Big Bend National park.

€l .

b.



d.

c. An act of June 20, \935, states that the Federal Water and'
Power Act of .|920 

does not apply to the park.

A total of 533,900 acres (2.|6,069 ha) rnostly desert and
mountain roadless country have been recommended for desig-
nation by Congress as wildernesso and are managed without
incursion until Congress acceptso modifies, or reiects the
proposal. Another 25,700 acres (10,401 ha) have been
recornmended 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
0ffice; 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 perm'its ha.ve been
granted to the Rio Grande Electric Cooperative, Inc., and.
ttre g'ig Bend relephone 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 disposa'|.
In the case of NPC, Inc., a phased improvement and building
program is a part of the contract, with additional road and

utiiity contractua'l 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
El ena

A memorandum of understanding between the National Park Service
and the Texas Parks and Wild]ife Department requires close
cooperation between the two agencies in wildlife-management
activities. The State of Texas maintains the large Black Gap

Wildlife Management Area along 12 miles (19 km) of the north
and east boundaries. Seasonal hunting permits are issued in
the refuge for deer, iavelina, and quai'1. Desert bighorn sheep
may be fiequenting adiacent portions of the park as a result of
thLir reintroduction to the wildlife refuge. If other native
species are reintroduced by the park, cooperation with the Texas

State l^|ildlife Department will be requ'ired.

g.

f.

g.



h. The entire south park boundary extends to the middle of ,..:

the Rio Grande. The International Boundary and Water
commission determines each country's ownerihip of wite"
under the water Tpaty of 1944; and the Texas water Rights
conmission detennines the rights and uses of the Unitel
States portion of the Rio Grande flow. International
agreement, rather than local demand, influences usage of
the river flow.

Appropriated and uhderflow water rights are accorded'the
United States at Rio Grande Village-from the Rio Grande
under Texas State law (priority dite,lgZT). Theie rights
accord the United States both spring and ground water.
Irrigation' rights exist for 780'acre-feet- QAZ,223 cu m)l
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 l9l5) at Castolon. trriqa-
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.

AI'l lands in the park now lie in Federal ownership. Mineral
interests remain outstanding in $ !.,sections of land :

( I6.84 sq. km) .

An act of the legislature of Texas, May 12, 1939, authorized
the'cession to the united states of exc'lusive raw-enforcementjurisdiction over lands conveyed to the united states for
Big Bend National Park. the State of rexas 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 conporations, 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 (6t Stat. 9l), 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 regulati6ns
may be expeditiously processed on a locaT basis.

\ro

k.
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2. Regional, Infl uences

a. Land-use is changing to the west of the park between Texas
Highway ll8 and the boundary. Subdivision of what were
formerly large tracts into small 40+ acre (16 ha) "ranchettes'l
is preva'lent.

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 increasing'ly for such
events:as the "National Chili Cookoffr" which attracts
more than .10,000 peop'le annua'|1y. Large auto and motorcyc'le
rallies are also being conducted in this vicinity. Park
law-enforcement needs are increasing as a result of these
acti vi ti es .

The Bureau of 0utdoor Recreation has tentatively recom-
mended that l9l miles (307 km) of the Rio Grande, from 16
miles (2S tm1 up river to the Val Verde/Terrell county 1ine,
be included in the National Wild and Scenic Rivers System.
0f this total mileage of riveruay,65 mi'les (tlS km) lie in
Big Bend Nationa'l Park. Studies were initiated in 1973.

"International" and "Companion" park concepts are somet'imes
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 meet'ings__
between the United States and Mexico; it has been occasionally
discussed by high-1eve1 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 interjor'
and Boquillas, a village 22 miles (35 km) southeast of park
headquarters across from Big Bend's Rio Grande Village. Cgn-
struction of the road hasat present progressed to within 45

miles (72 kn) of Boquillas, and js proceeding. The National
Park Service is not prepared to consider a bridge crossing at
Boquillas into 8ig Bend National Park, and strong'ly 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 Nat'ional 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.

b.

c.

d,

q



e.

Customs Service, Immigration and Naturaliz,ation Service', ;

Drug Enforcement Administration, Border Patrol, and Texas
State Liquor Control Corrnission. A fu,l'l range of signifi-.::
cant impacts generated by al'l'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 comnercial travel or pro'liferation of support
facilities, and they are in keeping with,the,histot"ic pnd
cultural atmosphere of the Big Bend regi,on and a.national-
park environment.

Other important international influences involve the necent
upswing in importation "of il,l icit dt'ugs 'frop Mexico,. Traff ic
in.this ;contraband emanates frorn La vatri'ety of lOcatl'on-s beyond
control of the park. Remote airstrips within the interior of
Mexico, unimproved roadsr drd troils dF€;used to move it to
locations proximate to the Rio Grandei crossing5 gnd pickups
are achieved in a variety of ways. Contraband is then moved
nor.th through the park,of varirous des'tinatt'ons.,, I,n. addition,
in recent years there, has: been a significant increase in the
exportati on of i I I egal f".i,rea'rms f rom the, Un i ted States ,i nto
Mexico. Heavier law-enforcement demands have resulted, along
with the necessity f,or increased coordina:tion betweqn several
,Federal , State, and :local agencies

Probab.'ly the most sigmif icant pol:lution source, and trend
affecting the park .resources and resource-management efforts
occurs as a resu,lt of use of DDT in Mexico and its,entry into
waters of the Rio Grande by means of.neJeases. from waters of
the Rio Conchos Dam in Chihuahua, Mexjco. Such waters neces-
sarily must first flow through agricultural lands imigated
by ptroject. The near extinction of the peregrine, falcon
populat'ions within the Rio Grande floodplain is attributed
to DDT. Other agricultura:l chemicals are also present..

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

Trespass-livestock f.requently 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'Mini,ng Distrrict,is cur,rently inactive,
but this status'may change if there is a change in.the price
of mercury. Informatiqn' has already bqen gathened to provide
management with a data base on amounts of mercury within the
animals and soils in the vic'lnity of the.mines, runoffs, and
adjacent Rio Grande, and a,rpnitoring program will be necessary
if mining becomes active again.

f.

g.

h.

l0



3. l^li th i n- Park I nfJ uences

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.

b. l{ater is pumped up about 1,500 vertical ft. (+SZ m) into
Chisos Baiin'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
headquarteis. Although these supplies are adequate for 

-
present needs, uncertainty exists as to the degree to which
further withdrawa'ls may be made from these aquifers.

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

d. The water rigtrts discussed in the "Administrative and Legis-
lative Constraints" section are adeqr.rate to meet present
needs and future expansion envisioned.

e, 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 sighificant increases in facility-development. The Basin
oclupies only 5.98 square miles (1,548.8 ha) and must be recog-
nized as a ljmited and confined physiographic province or area
of the park. Thus, this constraint affects present and future
planning for facilities and use in the area.

f. The Castolon store and two nearby residences are part of the
historic Castolon Army Compound; all three are properties
listed on the Nationai Register sf Historic Plages. - (See

"Land Classifi ficance
of these properties must be recognized, and is integral in
their management.

g. 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 Natlonal Regigter.of
Historic Places. Criteria for park operations and planning
otfi'effi]on Historic District has been agreed upon in a

letter of August 2,1974, to the Advisory Council on Historic
Preservation-concerning compl iance with Executive Qrder 

.|1593.

h. Additional sites may be eligible pending further surveys and

evaluation, including Terlingua Abaia, Johnson Ranch, Baker

l1
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i. Pine canyon has been seJected as a
within which natural conditions are
acres (324 ha) have been designated
of research and educati on.

Lodge, Ore Tramway, Glenn Springs, McKinney Spring Ranch,
La Noria, and the'Burro Mesa flint quamies and chippingsites. Pending evaluation and nomindtion,:these sitei'-
should be treated as National Register properties..,.

Research Natural Area,
mai ntai ned ; about 800
f or the pri malry purposes

Endangered 'mammals of Big Bend i,nclude gray wolf and-ocelot;
the spotted bat is threatenedn and'also a Stat'e-of-Teias

, protected species. Endangered b:irds are .the Mexicdn duck,
Southern bald eag'le, and peregrine falcon; the prairie faiconis threatened; the State of Texas lists all aviiauna as pro-
tected, except the English, sparrow, starling, conrnon, pigeon,
gra'ckle, raven, red-winged bJ,ackbr'rd", cowbJl"d';,and crbw.. tto
amphibian-91_reptilian species are considered endangered; the
Madrean cliff frog. Texas horned lizard, Transpecoi rat snake,
and gray-banded .kingsnake,,are protected. The Big Bend gambusii
j.t gn endingerea riirr; the chihu.ahua' shiner,,.bruitnose'ittiner,
Mexican stonerol ler," and BiE',Bend gambusia are irrotected,' ' Nine
'plan! s'pecies are listed as threatened .by the smithsonian
Instituti,oo; , ,'.i r"' ', ," ''.

!!gnlfican,t adverse biotic influences are pre3ent. in the
Rio 'Grande. floodp.lain and.tributary wat(ircbu,rses within thepark: .An international boundary with Mexico exists for 107
miles (172 km).. Except for Sania Erena, Mariscal, and Boquillas
canyons, there is widespread grazing on lands adjicent to the
Rio.Grande by residents of thi remole northern portions of the
Mexican States of coahuila and chihuahua. This'is a culturalpursuit and has been practiced since the spanish colonial diys,
when presidios, or forts, were established. Livestock of ali
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 reguiated by treaty, and adminis-
tered by the united states and frexico Inierniiii,nar eoundarv-
and Water Cormission.

Additional e'nvironmental factors;specific to Big Bend influence
management and development, and are of primary ioncern. Big
Bend is one of the most isorated parks in the-continental 46states. There are no communities within a convenient distanceto supp'ly visitor and employee needs.

In addition, the desert, with its heat, high winds, and cloud_bursts, provides an inhospitable environmeit. Also of maj;;-
esthetic. consequence_is the open terrain, which is nighit"-
susceptible to visual intrusion; it is difficutt to mask-faci-lities and developments. plant cover is easily destroyea, anoextremely slow to recover. Backcountry use in the hig"h chiioi

1.2
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is on a significant upswing; ecoJogical, as well as user-
related sociological, problerns are manifest,

E. MANAGEMENT OBJECTIVES

l. Tg p!"otect= and perpetu.ate the natural and cu'ltural 
"nuironr.nttof the park

?. To prgvide Lrsitors with opportunities tor. meanlngful pa*

program and effective visitor information and other programs
that offer insights into the natural and cultural values of
the park.

3. To encourage a contjnuing research proqram, designed to help
;nd deiigned to

increase visitor enjoyrnnt.

4. To achieve a harmonious inteqration of activities within and

@es, the State of Teias, and the Republic
of Mexico, in regional programs for natural and cultur.al re-
source conservation, interpretation, law enforcement, mutua'l
boundary managetnent, 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.

.|,3
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A. GENERAL PROGRAM

Designation as Management Plan

It is recognized that certain portions of the Resources l'lanagement Plan
may more closely resemble a research p'lan than a management p1an.
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 mtional prks undertake
some form of vegetative management, yet data on fire histor.y, role of
exotic p'lants and anima'ls, successional patterns and stages, and basic
inventories of plants and animals are often lacking.

The research proiects proposed in this current plan.are designed to
provide information on which to base sound management proiects that will
satisfy both management objectives of the area and the National Park
Service mandate under the 1915 0rganic Act. The plan itself is not iust
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 overa'll Resources Managerent Plan as a separate but
integral working document.

Resources Management Program

For the purpose of clarity, all of the proiects discussed will be
separated into Archeologica'1, Historical, and Natural Resources. All 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 signifjcant and
measurable effect on the environment. (Significant Action)

II. Those actions which will continue existing maintenance. (Continue
Ma i ntenance )

IIi. Those actions which will initiate new maintenance. (New Maintenance)

IV. Those actions which entail research. (Research)

l5



B. NATURAL RESOURCES - project Statements
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N1 . Proie.ct: 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
b.y wildlife, and dependability are essential to management in determining
distribution of wildlife populations, possible locations of exotic plants,
feasibility of dispersing visitor use into unused areas of the Park, and
likely locations of prehistoric activity as a guide to archaeological
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
(f.anariJ-sg.) and man.y native species, which tbday 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 (trlew Maintenance and Continue i.laintenance)

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

2, Eradicate Tamarisk from all springs where is feasible (see Nl7)

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

it
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N2. Project: Exotic Plant Removal

Exotic plants, specifiqally two species of Tamarisk (Salt Cedar)
Ta1nqrtr aphy]la and Tamarix pentafdra, have invaded springs through-
ouTTe Big-Be-na couffiTi-d now Ehreaten the existence of free
water required by native wildlife. A medium-sized tree can transpire
up to 200 ga'llons (750 liters) of water per day. Invaders present a

seed source for further invasion into presently unaffected springs.

Act i on ( Conti nue Ma i ntenance )

l. 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 locations during
fall, an intensive eradication program will be reinstituted in the
spring when Erowth 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 biannual'ly
each year after removal.

19



N3. Project: [,.lildland Fire Management

A 1963 Blue Ribbon_committee, headed by A. Starker Leopold, in a reportto the-Secretary of the Interior, stressed that exclusion of iorest and
range fires had seriously affected the ecology of many areas una tnutin future management plans, fire shoulo ue ui6a as a iool to preserveor restore the natural biotic scene of natural areas.

National Park Service Southwest Regional 0ffice Memorandum yl4 0-R of
september 22,1972 states: "The c[ange in National park jervice fire
management philosophy during the past:decade has not been reflected in
our. field area planning effort. in an initial effort to overcome tnis'lethargy we are requesting each area to prepare and submit for ounreview a fire management plan that will iccbmplish needed natural re-
source_management objectives such as reduction of dangerous fuel
accumulations, reduction in abnormal insect and diseaie damage-and/orreturn of our areas to a more natural vegetative type. . no laterthan March l,1973." -rr--

r-n response to the.above, ?ig.Bend National park prepared a Fire
Management Plan which provided in part that "All iirbs witnin orthreatening the chisos Mountain area will receive prompt suppressionaction. when research is completed we may have cause Lo let'some
f ires burn under specific coniitions to riaJie-fu;ia. " 

--( ii*-z', -p-+)
and "All lightning fires which do not ilrreiien the chisoi mountiinarea and present no hazard to human life, resources, or property willbe permitted to burn themselves out when, in ttr. opinion of the super-intendent and the Fire Control 0fficei, i'i"..onOitions are such thatcontrol could be effected if desired.,' (Item f, p_Si 

-

The latter areas referred to consist primarily of the low desert countryand inaccessable areas such as the Deid Horse Mountains and Sieira Quemadas.However, little is known concerning either the it'ori;i i;;g-iIrm effectsof wildfire on any of the Parksrvigetative conmunities, ani t[ese shouldbe investigated for both present ani proposed wiiari".-6r.ning"ion.t. Rarep'lant-species and isolateil relict ptaht isioiiitions are found in theinterior mountain and canyon conrnuhities suin ii ttr. Basin and pine andBoot Canyons. Fuel accumulations in some of these communities are such
It,ul.the potential for an extensive wildfire ii-greater than it has beenin historic times. Questions concerning tne rote oi p"eil"ipiion burnsto maintain these communities may be aniwered by a wiidla;a iire researchstudy now in progress for the Chisos. - -r

Act i on ( Research and New Ma i ntenance )

l. The following d3lu.are require{ fo1 developing fire prescriptions andtherefore must be obtained as the inirtial stagl-, oi a wifhfinJ ti.. manage_ment program:

a. vegetative components to the association rever,

20
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Association's,age classes and comparative growth rates,

Fuel loads for dorvned woody materials and standing fuel,

Cl imato'logical ,

Fire history,

Locations and ecology of endangered species, and

g. Locations and effects of fire on cultural resources.

2. All 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 beccrne available to
provide a continuing information base for ilong-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 (l) is available. The revised Wildland Fire Management Plan will
require public review and will become an Implementation Plan within the
Resounces Management Plan.

b.

c.

d.

g.

f.

?2
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N4. Project: Trespass Livestock and 0ther Exotic Animals

Although.contrary_to National Park Service policy, the grazing of Mexican
livestock within Big Bend National Park has'had i'seriois impict on the
natura'l environments since establishment of the park; A.lg7b research
llrov.fi survey and anqlysis sf recreational and livestocr< tmpa-ii-on
the riparian zone of the Rio Grande in Big Bend National Park) quantified
the impact of stock along the southern boider. This situation continues
l9-l!. present with the result that normal vegetative'recovery and re-lated natural erosion-control, have not taken-place. .Feral bilrros and
horses are occasionally seen considerable distinces from ihe-Rio Grandein the vicinity.of sprilgs" And Barbary Sheep are known to.feside,along
the parkrs northern border.:

Act i on (continue Maintenance and New Maintenance)

] r Begin a more aggressive program o,f roundup and impoundment of trespasslivestock of a regular basis as soon as they ire obsei^veo, in-.ior..o-
operation with the U.S, Department of Agric-ulture, dfid eximine legal anddiplomatic channels affording relief fr6m tte pro6fil: - - -"- l

2. continue to monitor the northern boundary of the Farrk for,signs of,
Barbary.Sltg"p ingress, Eliminate any of theie animals innediateiy when
found wi,thin the. Park. Alsor program for, the completion of fencing of theentire northern boundary of the Park for the exclirsion of these taige - :ungulates. : -:. ,,

3. continue publi,c relations efforts to reduce the numberr of catile tres-passing from Mexico.

24



N 5. Proiect: 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 frbm the paved surfaces is conducive to vegetative growth far
beyond what is norma'l in an arid environment. Thd resu'lt is that
roidside vegetation is much higher than normal and creates a "tunnel
effectrrwhiifr not only detracts from the natural scene but js a definite
safety hazard since the field of view of the driver is diminished.
Animais are often not seen in time to stop, resulting in considerable
loss of wildlife and property damage to vehicles. Dominant among the
roadside p'lants is Creosote Bush (Larrea tridentata), a native.plant
which resionds favorably to disturEE?lTo-iTrcT'dTilons 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 regr:owth 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 freguently crowded out_by
grasses before- it can recover. Several roadside test burns will be

lone during the coming winter to determine the feasibility of this
type of coitrol progrim. Additional research concerning other long-
tlrm retardation poisibilities should be conducted, such as controlling
water runoff by construction of culverts, black-topped gutters, etc.

25
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N6. Project: Visitor Use DisPersal

During the surmer months and on long holiday weekends, and_to.a lesser
degrei throughout the entire year, the primary obiectivq 9f_lfe maiority
of"backpact visitors to Big Bend National Park is the High_Chisos. These

imposing mountains, rising-out of the Chihuahuan Desert, offer a cool
reipite-from the hot, humid temperatures to the east and the hot, dry
desert temperatures to the west. In view of thisn it is ironjc.that
the two hehviest visitor use weekends annually are Easter and Thanksgiving.
Both holidays fall at a time of year when temperatures are optimum for
desert hikiirg and camping, and the mountain temperatures are frequently
uncomfortably cold. t^lith properly directed emphasis the camping.pattern
during those critical periods could be reversed. In view of their
populiritv it is unforlunate that the Chisos Mountainswoodlands c-omprise a

ilre 2.1 oi 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
distriUiliion of camper use. In fact, there are only three specific areas
that are significantly impacted by overuse, these are: Laguna Meadow,

South Rim, ind Boot Sprinls. For-the present at least, physigal limitations
on vehicle parking in'the-Chisos Basin, Juniper Canyon,, and at. Blue Creek

will usually effeitively limit the number of campers that can be in the
High Cnisos at any giveir time. 0n busy weekends the average_nunber of
cailpers per night-rirely exceeds 100. Careful analysis of.a'll camping
perintts issued-for the htgh Cnisos during 1975-76 show that on only two ---
hights during the entire lwo year period-the number of campers was over 200.

Unler controiled conditions oi aispersal up to 200 campers per night could
be accomodated regu]arly with minimal damage to the resource.

Action (New Maintenance)

l. pubtish a maximum capacity of 200 campers per night in the_High Chisos

in tfre Federal Register.' Thii will be followed by inclusion of the 200

camper limit in t[e carrying capacity portion of the Backcountry Management

Pl an.

Z. Divide the High Chisos into camping zones, aligned with the trail system.
i.n iron.s" have 6een tentatively ibenlified. Camping will be.apportiql:{
within these ten zones with an average of 20 campers per zone (lotat -zuu)
with more campers allowed in the larger, less i.mpacted zonef, and fewer
ihan 2O in soine of ttre smaller or moie impacted zones. Photographic.points
ioi monitoring specific sites in zones which at presen!_lhqw severe impact

will be estabiished 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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7. Provide for safe camping/hiking experiences, !o ?gcg[tplish the ab,ove,
t|tP,gt'adequate.signingqnd.ma!ntenanceof.dese'rt"!r:ai]'s.inaccordance
with sign cormittee reconmendations. '

9. Identify wgfer.sources that TLly bg yti]!z-_94 by 4egert hikers.and prrovide
for proper monitoring under the 'fl{ater QuaIit'fes Act.",-.. ,_.''': '' ..''

:: ri" j 
"i 

' ''

4. Revise the present "Chisos Mountains T"railsr'pamphlet'map f,o delineate
the established zones.

'".'-:...'-:.:'.'.]ii.,''.i.::,.i''r.:.-1':.5i.:-i."l;]...i*:ti;::j',,^..1

5. Establish "No Campingtr zones a,t the South R1q-i1ru- $g,g3Spii:ngi !,,i,th'
appropriate slgns.,' i ' :l ..' :.: -: .1-i , ....r1...1, i ..: ,.:,. . , trr

6. Encourage camping and hiking in the desgrt areas. pf the. Pai^t-dUring,
the cooler months through interpretive programs, frequeht revisiori of, ..
published materials (hiking guides, etc;),-and iersoiiai cbntacts at all
permi t i ssui ng I ocati ons .
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N7. Project; Poaching of tllildlife
In .|975 at least tqo eyg witness reports were received fr.om backcountrycamperswhotoldofseeing.!4exicanpacktrainstrave.lingsout-hwith
lliTu]:_g.tgl.d, sne rime witn nfaes hnd anoiliei with-tr.aflr, 

-fo* 
ronsunls actTvity has been Eoing on is a moot question. rn'any case, ii

i:.-.St:l!g!tv.observed that there is a dearth of wirarire,lpiriiiurar.rytur bearers, in a vast area between the south side of the Cirisos andtheRioGrande,anareathathasn,me'ou'-;;[u;;i-"ii.''''o,';;;:

A.ction: (Continue and New Maintenance)

Relieve patrol Rangers of other duties and increase foot and horsepatro'ls,in affected areas to the maximum extent possible during iit.fall and winter ryhen trapping activity is it-its'peak.

*li:i! tf. cooperation of other.agencies (Customs and Border patrol)
ln.observing and reporting poaching activities durinq reqular patrol
rltghts over the Park, Cooperate with State and u,s-- Fis-h and'wildtife
Seryice investigatory and regulatory personnel .

29



N8. Project: Boundary Fencing and Exotic Animal Ingress :

{pproximately half of the parkts western"and northern bouhdary'is
fenced, the remainden'is not. During March and April,,1977, i survey
crew from Denver Service Center, englged in survqy_ing'16u, port:ion o.?., ,,
the park boundary which lies between Lajitas on the west and Persinmon
Gap on the north, found that much of the existing fence is down,,',0n. , '"

numerous occasions the crew reported encountering trespass 'ljvestock ":within the park in those areas. (see project il4) . . ,

In addition Barbary Sheep are known to reside along the park's northern
border, and pose the threat of invasion by tha,t exotic sfecies.

AgUqn : (Continued Maintenance dnd New Ma i ntenance )

l. continue to monitor the northern boundary of the park for signs
of Barbary sheep ingress and take appropriatL action when any of'
these animals are found wit,hin the.park. '

2. Program for the completion and repair of fencing of the.entire
western: and norrthern boundary of the park.for the eiculsion o.f
trespass .livestock and exotic animals.

30



N9. Project: Rio Grande Village Cottonwoods

In recent years the cottonwoods at Rio Grande Village have been showing
signs of dec'line 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 transp'lanted trees were suffering from "Shoot blight" caused
by a fungus, probably Venturia tremulae, which is corrnon on cotton-
woods, and that the adult trees were succumbing to infection by another
fungus, Cytospora chrysospenTa. In the opinion of the investigators,
entrance of ttre disease organisms was enhanced by mechanical wounding
of ttre 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 recormendations for control of the
problem. Their recorrnendations are enumerated in the Action Statements
bel ow.

Act i on ( Conti nue Mai ntenanqe and New Mai ntenance )

Re-establish the cottonwood nursery. (This was
spri ng of 1976. )

Remove dead trees and prune dead branches from I
di spose of them by burning to el imi nate di sease

completed in the

i vi ng trees and
organi sms .

2.

3. Include other, slower growing but longer lived, native tree species,
such as Texas Mulberry (Morus microphylla), Huisache (Acacia faranesiana),
and Texas Palo Verde icdiEid-iumTe ln the nurser/E-alGrneleand lexas Palo veroe (uercrorum texanum, ln Ene nursery Eo alf,ernaf,e
with the cottonwoods anffiv-id'eEn-tirruous "tree scaping" when and if
the cottonwoods succumb.

3l



Nl0. Project: Illegal, Gathering of Plants

For many years the-gathering of the Candelilla plant has been a problem
within th9 park._ During the past few years, bebause 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 irom
Mexico (illegally) to u. s. bu.yers, starting new trails which result in
erosion. 0f more-concern at present is the gathering of raie and pro-
tected pl.an! 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 a'llows the issuance of a "plant Declaration Form" to
Visitors decl:aring plants that ane being transported through the Park.
A considerable increase in the number oi these'forms has been noted and
the possibility for abuse of the system is apparent. Although transported
plants are_visually checked by the person tssuin-a the nermit, anct frerrrrently
by Patrol Ranggls as well, the basic problem liei in the inabilttv oi';ii-'
personne'l to differentiate between species, or properl.y identify an
endangered plant.

Action (Continue Maintenance)

Candelilla: Continue monitoring the operation through reports from airpatrols, in cooperation with U.-s. Border patrol activitibs, National
Park service river.patrols reports on Rio Grande wax camps, and
National Park Service back country horse and foot patroli. -

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

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

l.
2.
3.
4.
5.
6.
7.
8.
9.

J0.
lJ.
12.

{4c'istrocactus foUusghii (Bandera County Anci strocactus )@ Im-gF-t-ST odming cereus) 
-

FrvpF'anTnT-f,esteri. ( Hester Cory Cactus )
foryphariTha minima (ieast Cory 

-Cactus)

@sT.loraritnus var. negggpjllu: (Green flowered hedgehog)

EafFoc,ererrs R-eiffiefpachil uu.].-.ffii.i (chisos Mts. rreag6rrog)'
Ecnrnocereus russanthus (Rusty hedgehog)
FlesTa lonFiffia Fongspui. cot umuine)
Hexalectri! revolula (!hisos Hexalactris)
Penstemon lanceolatus (Lanceleaf penstemon)
@'Bluegrass)'- 

-

Spiranthes cinnabarina (Cinnabar Ladies Tresses)
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All protected plant species found in'ptissession'contrary to Title 36,
Code of Federal ReEulations, will be confiscated. Legislation nor
pending, r€lative to Endangered dnd.Threatened Plan' Spe.gies is, expeoted'
to strengthen the protection of plan,t species moving :iri: and ottt ,of B'i,g 
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NlI. Projsct: Trail Erosion in the Chisos Mountains

continuous and steadily increasing use of the trail system in thechisos, by both hikers and horses] accomoanied b.y laci<-oi u lriit
crew to perform even minimal preventive trail maintenance, has re-
sulted in deeply eroded traili in nig Bend National park.' Erosionis particulgrJy severe on those traiis leading from the Chisos Basinto the South Rim, via Laguna Meadow and via Jlniper Flat, and-on the
[|lindow Trail. short-cuttin9, by backpackers and' horse pi.ii.t-ucross
switchbacks, and washed out-water bars have greatly inci.easea-tire
probl em.

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

Action (New Maintenance)

l. As a first step, a Trail Foreman position hasbeen
established. Three or four permanent'laborer positions are now
needed to comprise a trail ci^ew. 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 locationsand.follow up with.interpretive message [o eiplain [r'.-p"ouiem-io
backpackers, day hikers and horse parlies and'solicit tireir
understanding and cooperation.

3. . Planting or transplanting of native gpecies of plants such as Agave
and cacti in eroded short-cul trails will'be tried is an atieinitiv6to the fences. These.native plants will stabilize soil, act ai adeterrant to short cutting, and preserve the aesthetic values of the park.

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

5. Snsure conscientious enforcement of regulations by trail patrols.
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Nl2. Project: Beaver Management

Beaver are native to the Rio Grande but occasionally become aproblem since they-are destroying the threateneO Lanceleaf, Cotton-
:::9 llg]9! acHqrlnata) aton-s i[e river ana tn-tne cimfg"ornj--near uastoton. Research is needed to gain information L6 manageboth the beaver populat'ion and the cotlon"ooas.

Ac ti on : ( Research )

Initiate research to determine the status of the populatfon, iheage structure, food habitsr itrd movements of beaver'in the CaitotonvicinitJ, and at other river si'tes wrtere-ueiver'popututionr-i".'
known to occur. The resurting report-rnouiJ J;r;i6; il;il;d;;strategies and alternatives f6r.preservation of ilre'ueivb;-ffi;-lation and the native cottonwoodi.

(New Maintenance)

In the interim, until research is accomplished, a program of trapping
and relgcating problem beaver will be carried out as iecessaryr aira 

-
wire enclosures fashioned to protect endangered cottonwoods airr ingthe process.
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Nl 3 . Proi egt : Deer Managernent

A study on the two'deer species--Mule Deer and sierra del carmen
l{hitetail--r,ns completed in 1975, and,provides sufficient data,to .

support the contention that the park's deer populations aroe fairly
stable. The hlhitetails of the'highlands apphrbntly are doing weli
without unduc competition from the desert tlule Deer. : .i

Action (New Maintenance) : . .. 
., : ,:

A deer monitoring program will be initiated by the park staff, and .will include rnnthlJ roa{_surveJs between the'chisos Bagin and upper
Tornillo Bridge, with pellet county transects at strategic locatidns
within the park.
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Nl4. Proiect: Big Bend Gambusia Preservation

The endangered Big Bend Gambusia (Gambusia gaiqiae) occurs nowhere else
in the United States other than in an artificial pond at Rio Grande
Vi11age, near the type locality that has since been developed for a

water supply source. The pond habitat is not suitable habitat for the
species, and the pond population has been seriously reduced on several
occas ions

Action (Continue Maintenance and New Maintenance)

The park has recently (August - September 1976) rehabi'litated the pond by

increasing the depth of water and restoring a continuous flow of water.
ffre pirt ituit will monitor the pond continuously to assure:. l) u

continuous flow of water from thb spring so that the water depth will
not drop below one foot, 2) that cattails do not become too numerous

so as to overgro" tn. p6nd'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 Bis Bend Gambusia Essential Hqbi.tg! lYlanqqglnen,t Plan task force met at
gi best action for
loiq-ranqe preservation of the species. A plan will be completed by mid-
.|977 and"wiil include a recormendation to restore a stream-type environment
near the pond so that the species can occur in a somewhat natural conditjon.
i[; .pp;ov.O pian-wi'11 initiate funding for activities that probab'lv .w'il'l
Utgin buring igZg. Later Resources Management Plan revision will address

ifr6s. activities further. The habitat Minagement Plan will become an 'imp1e-

mentation plan as part of this document (Appendix F),
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Nl5. Project: Peregrine Falcon Preservation

The endangered Peregrine Falcon (Falco peregrinus anatum) once nested
on suitable cliffs within the chiiG-XounEfis and;long the river
canyons. Although the species continues to nest in the park, produc-
tive nests are the excepliof. Research shows that successfui byr"ieslocated in mountains in'Mexico and united statei suppty birJs i6 il,.
unsuccessful canyon eyries. DDT-laden rfood species tonsumed by canyon-
ngst!1g birds apparently reduce their nesting success. Dr. G. Hunt of
the Chihuahuan Desert Research Institute recorrnends the mountain .eyries
be given special protection to assure nesting success.

Action (Continue Maintenance and New Majntenance)

During March, lqtil, and May of 1976 and 1977, the top of Casa Grande
was closed to hikers so that the ancestral Peregrine byrie near the sum-mit would not be disturbed from above, An adulI Peregi'ine was observedin the vicinity for the first time for many years. Aithough 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
ylilized by a pair of Peregrines. This management action will-be pub-
licized and posted, and Section 7 of the Endingered Species Act wjll be
used as proper authority. If and when park eyiies arb oiscovered.to
be active, an essential habitat management plan will be developed for
the pertinent areas. 0n1y when the identified habitats are knbwn 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 recordall-reported sightjngp of Peregrines within the park area. These recordswill be evaluated by Park or Regionar personnel on a regular basis to
determine any changing conditions of the Big Bend pe.egiine p;illation.

E
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Nl 6. Project: Control of Hazardous Animal s

Occasional Jy, some ,of ' the resident animal s of
snakes, deer, javelinds, skunks, and racoons
presence of human bei ngs and no I onger avoi d
such as the Basin, Panther Junction, and Rio

Acti on (Conti nue Mai ntenance)

Continue to trap and remove probleri animals to more remote locatigns,
andcontinue educatJonal programs within the park,to deter feeding"of-"wildlife. Animals which pose an inmediate dhnger to visitor or.par.k
personnel wi:ll be destroyed only if no feasibli method of removai is
available.

the Park such as rattl e-
become accustomed to the
heavy vi si tor-use areas
Gran{e ViIIaga..:, ,' :" -'
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N 17. Project: 0ff-Road Vehicle Use :, .

The erosion and scarringcaused by off-road vehicles;bec,omes more.appaient
9a!lv with increased_visitationr rnrr' affluence among visitors,t.Jbitioiiar
leisure time, and nelated incrneases,in numbers of ,foir-wheeT,driv!;:696-. -
road vehicles.

Yt. is prirnarni.lJ motor^cycles, dune buggies, and four-wheel drive vehicles
in ?ll areas.throughout the Park and firtiiularly in areas]adjaient-to
designated,primiti've noads. The r.esuits. of thiiactiviiy arC-iesttretic
intrusions and continued unnatural erosion and disturbanle of pl-ant and
animal associations.

Acti on (Conti nue Maintenance)

l. , Glose abandoned...deg€rt tracks and,truck trails. !',Closure,i means,placement ofr a physical,barricade andlor,sign to,prevent entrance byvehicles : ,
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enforce off'road driving regulations
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Nl8. Project: Cormercial Haul ing

Hauling of ore from Mexico over paved Park roads, once a major
concern, has been reduced by park rnegulations to a point where it
is almost negligible. However, cormercial hau'ling by both Mexican
Nationals and U.S. Citizens still occurs. This activity is camied
on over various illdgal crossings of the Rio Grande, primari'ly at
night, and without permits as required by CFR. The result is de.
gradation of the river banks and river bedi destruction of vegetation,
and opening of, the area to visitor vehicle traffic which compounds

Action: (Continue Maintenance)

l. In cooperation with the Texas State Highway Department, install
signs at Marathsn, 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 0fficers in apprehension and
citing of violators, through team patrols, particiriarly at night.
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N'|9. Project: Re-establishment of Extirpated Species

Historical evidence indicates that Pronghorn (Antelocapra americana).
9:::"'^!ig!of (0vi! canadensis)., Btack-Bear (ffi '

H] l-.lSH,W t- ta i I ed pra i .Fnag@''."_t-.q!s),
ypos:um (pl-de.Lp.!.!.f vlrsiniang), and the Hartequin or MoiUezlfraGTl
t!.4rygs-montg?uma-e).were all part of the native fauna of Big Bend
and are now extirpated or are found in minima'l numbers

Action (Continue Maintenance)

1. .A breeding population of Montezuma Quail was re-introduced in thePark at Pine canyon in January 1973. suusequent monito.ing-of il"birds revealed that several indiviauals were in the same aiea through
fPling 1975. Recent-attemplq to locate the birds, in rrruv unJ August1976, and January 197.7, yib]ded minima'l resu'lts. 

-It 
is ipecutJteathat some of the bir:ds may have relocated in another area of simiiarhabitat not too distant fiom Pine Canyon. Intensive efforts will be

made periodically under appropqiate c-onditions-of r.uin"r ino.'t.*p"ru-ture, to locate rernaining birds, and an additionar prunl ri prinnba uywinter 1978.

?: Pronghorn were present in the park according to old writings and
lh.fg is speculation that their reduction in nuribers is due to"thedecline of a principle food.species, Tobosa eiiss-Ui!"i.-rrii.ui,
as a result of overgrazing in pre-park days. 0bservaTion wffin thepast year indicates.a present popuiation br g-t0 animals, p.ouuulva result of a re-introduction in'the 1950,s and 

.|960,i, in ["o-r.purut.locations within lfe Park. Apparently the rriuitat has recovered suf-ficiently for small numbers tb'ue mai-ntained. n vegeiatiue'iuiuev orthe extent of recovery o! Tobosa grass and continu.a-monitJring of the
Pf9:9nt Antelope_population by the Park staff wilt determin. ii. feasi-
9:.!itv and need for "ggne p9oi" introductions io improve trero-vigor lnthis species within the neit few years.

3. An occasional .sighti!g of Desert Bighorn in Big Bend National parkis thought to be due-to D6sert-gighorns which have moved into the areafrom Black Gap National l'|ildlife Fefuge, iaji.ent to the pari,-where
an active restoration program is bein! carried out. l,{ithin ilie park
much of.the.prime remote habitat best suited foi Bighorn tiei oetweenthe south side of the Chisos Mountains and the Rio drande where-poachinggr ql1 types of witdrife is a serious piourfi: N; ;;;ffits"ii"reintro_duction of this species wil'l be considbred until teasiuiiiiv-itrai.,are conducted and poaching is brought under control.
4. The Black Bearr orce resident here, no longer inhabits the park
although occasional sightings have been repo.t.i. The most recentverified observation was in-.|969 near the ilot Springs by tfre niJ Grande,and fresh scat was found in Juniper canyon in Jlnuaiy lbla.- it-i,believed that roaming bears from the siima Der carmins, ioutn of theRio Grande, occasionilly 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 recormendations oi tnb study group was
to set aside Pine Canyon as a refuge'for the Black Bear. Thit a,rea
has since been designated a t'Research Natural Area" and the road into
the canyon is to be terminated three and one-ha'lf mi'les (5.6 km) shortof the present terminus,

The.Pine-Canyon area still constitutes a fine habitat for a small popu-
lation of Black Bear, A trial reintroduction may be held in abeyance
pending closure of the three and one-half miles (5.6 kn) of roadway,
subseguent analysis of visitor impacts on the area and related feas'i-biljty, as we]l as a more positive outlook on the poaching situation.

5. There have been at least two unverified sightings of the Mexican
l^lolf in the Big Bend area in the last ten years. Raintroduction of a
viable population of these endangered animals would be highly desirable;
however, the same logic which applies to reintroduction of the Bighorn
(above) must apply to the t,Jolf."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 I isted above.

TI
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N20. Project: Soil Inventory and A4alySiS,, ,, . 
".

A soil suye{ and soils:map to the:family:level, ,as- well:.ils.,coop}€te.,:..
:gilt,analysis.(texturaN and .chernicat) 

-or 
tne ianr iie,nequirrl!,:r63 ,,,.,rormulate sound management. decisionp, contribute to interprretative.'arid

Ianagement needs, ani to :compiv-wilh'lralrrai -iiience ,siuoiei *oiiri iy-, ,,-

Standards

+$' (Reseiictr)

lesearch should be_initiated, :pr."obably through"lth" So"il Conservation 'lservice, to accomplish two levbls-ot itudy. -First, a generai soil' ,. ,

survey_and map should be completed for the entire park-as soon ispossible. Second, thorough analysis,,of,.the soil texture: and chemical -,
features should be completed for- stritegic areas within tfre pirl wha"e
tg:lib]9 dgvelopment-of signifi,cant res6urces may occur,, - tfiese p"o:
Jects may be conb:ined or completed,.S€parately. r' . ,.. :
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N2l, Projgct: 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 leave them vulnerable to unauth-
orized entry, destruction of resource, and potential tort claims resulting
from inJury to visitors

Acti on ( Research and New I'|ai ntenance )

l. 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 Spbleological Society (Cave Avenue, Huntsville, AL 35810)
and the Cave Research Foundation (445 lrl. College Street, Yellow Springs,
Ohio 45387)

2. Initiate a program of locating and assessing noteworthy cavqs which
contain scenic and-scientific valles, inherent [azards 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 life 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.
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N22. Proiect:: GeoloEy of, :the Chisos, ,lloun'tains
." . : l, i_:': : i

Geological studies of Big Bend I'htional park were published by
Maxwell:.et.-al . in'1967, and serve as a good ,generil ge0logy 6f'
the entiE pilt. 

-However, the geologv oi irre-upper cfliioi-troun,
tains ' partJculqrly the- chi sos .Basin',ind adiaceirt 'canyohs, r'ras i ,
only casually discussed. There is consideribte need ior a more
thorough study and analysis of the geological formation,sf'this';
area for interpretative and, to a lisser-extent, maintenance
reasons.

.:r".i

A thorough study of the geology of the chisos lrlountains should be ':

i.nitiated and based'uponiprevious:work by Maxwell iafid,othei^s: The 'i;
research , should ,,include :the ,tdctonics ,.(structrircs) , ,gdol6gic materi'
ials;':,hfstory (ages), and relations to'surroundin!;gloJcSi,ca] eyenfsi 
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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, numeFous 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 un,ique
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 prrotected plant species identified in the discussion of
Project Nl0 should be given highest priority in planning for and carry-
ing out these stud'ies.
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N24. Proiect: Natural History of Unique Animals : '

Considerable study of the'park's animal life and habitids have"already
been aqcomp'lished. The current need is the continuing monitoring of -
some.of lhe pgrk's.most 1nlgue forms that are no!.documented elsEwhere
within this pian; i.e., Colima Warbler, Zone-tailed Hawk, Golden Eagle,
Lucifer.Hulmingbird, Yellow-nosed cottonrat, spotted and Long-tongu6d 

i
Bqts'KitFox,MoUntainLion,Black.headedSnai(e,Dav.is.Moun[ains-
Kingsnake,TexasLyreSnakd,Trans.PecosRatSnaie,Trdrts.Peco!'
Copperhead, and others.

Action (Continued Maintenance)

Continued documentation of sighting and:activities will be conducted
by the park staff as occurrenies c6mel up, ind speaial 

-activitied ilt 
,arise that wil I require additional time' inii''enei^gy. For exampi., u

continuing monitoring program of the population iiabi.l itv of fhe :

colima l'Jarbler will take place every three to four years-by'Roland' 
I "

['lauer, at which time assistance from the park staffmay be requested.
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N25. Projest: Vegetative Trends , ,

Seventy-seven transects were established-within the park in 1955 to,
monitor the changes in vegetative conditions that follow the el,imina-
tion of grazing. These tnansects were read again in 19G3 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 uould pr.ovide additional important inf,ormation
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 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 ny tfre
Natfonal Park Service in .|936-37 

and by T.N. Campbell,of:the University:of iexasin 1966-67. These surveys were.superficial and the time al'loted for t-he studies
allowed. only a port,ion of the park to be sampled. However, 628 sites iwere,re:-
corded.by the surveys, and Campbell estimated that a total survey would record
more than 5,000 sites.

The analysis.of data acquired Qy archeological research to date clearly points to
a.Yery long human occupation of,the Big Bend area. This began with aflbast spor-
adic occupatlgl by Paleo-American-huntens., possibly as early as l0;000 to l2,gbOyears qgo. This was followed by Arrchaic hunting and gathering'gr<iups who had be-
come adapted to the deser:t envii'onment that Oev6fopeA-iii.r'lfie stow cl.imaticshift to much drier conditions somg 7,000 to 8,000 years ago. In the Big Bend
region these,"Chisos.'l 9r uBig Bendf'_Archaic groups ieem to have devdlopej a-Uisic
culture that changed slowly over a long span of time, f,rom about,6,000'B.C.l lo-'at
l.east A.D. 500, which clearly iridicatei a hunting,and gathering economy with ihedartorhand-thro.wnspearasttreprincipaltool'item...'..'..
Sometime after A.D. 500 a few changls signal a new developmerit and form the basisfor recognition of a new stage, the,,l,teo-American." In the Big Bend region the
most dramatic innovation during this time was the appearance oi the bow'and a.iow.
Ceramics may have been introduced,.but as yet no sui^vey party has reported pot-
sherds from. u pgl k site-(a'few plain gray,iherds have 

"Uebn 
tirund by 'locai .biiectors).

I!.mly_be that the Neo-American !lage-in-Big Bend represents nothi-ng more than-aslightly changed Archaic way of life, but this remaihs for future eicavation to de-tennine. Evidence suggests that the Neo-American groups of the Big Bend ul.r.-'
much less isolated from the outside world than the-prebeding Archaic g"oupi.- Rtto,it appears that some of the Neo-American groups of ttre Big 6end nray hive been an-cestral to the Indian groups encountered by Europeans during the eirly friiioiliperiod, and in time l! nlgv be possib'le to iink aisemblages 6r tate prirtristoric art-ifacts. with specific.Indian groups who'lived in the Big-Bend until inev *e"e Jtr-placed by Apaches and Europeans

The presence or-absence of certain kinds of artifacts, primari'ly projectile points
and modern artifacts, permit us to make statements ab6ut the frlqiren-y of octrpu-tions during the four cultural stages recognized: Paleo-American, Arlhaic, leb-
American, and Historic. A total ot lll siles yielded artifacts diagnosti.'oi-certain stages. At four of these sites unmistikable types oi-Fateo:Ameiiian'Oartpoints occur; at 152 sites Archaic types of dart pointi'occur; it ao sites Neo-
American types of arrowpoints occur; ind at 26 sites appreciaUle urornts of recentartifacts occur and indicate occupation during the tatb'tristoric stage. The lowfrequency of Paleo-American ntaterials suggesti a very light occupati5n of [[e ur.uduring that early stage, but it must be iemembered tirat lhe remains of ttre oiaestoccupations are more likely to be deeply covered and less lik;it to be eipoieJ-U'erosion. The high frequency of ArchaiCmaterials, as well as tie presence of dartpoint types indicative of early, middle, and late-Archii. pr,is.i, reflects con-tinuous occupation over a peribd_of at ieast 6,000 years uv aeieit-adapted pop-ulations. The lower.frequency of Neo-American'sitei is Uest-e*pfuineO'nV-t[.-relative brevi.ty of the relatbd time span, less than .;,500 yeart. It is tenta-tively concluded that during both Archiic-and Neo-Ameri.un itug.s the populJtion
densi.ty remained about the same, somewhat less than the nesouries of the areacould support at a hunting and gathering levei.
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Al. Prgj-ect: Archeological Survey of High Impact Areas

In the interim before a general site surve.y of the whole park can be
accomp'lished, 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 genera'l survey.

Acti on ( 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 samp'le 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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42. Project: Archeological Site Survey of Big Bend

An archeological site.survey. of Big Bend is needed. A:lthough a substan-tial amount of reportf ng has been done for Big Bend inLrcrr ctrlruullL or reporf,tng nas Deen done foi" Big Bend in the laSt 50"y€'dr5r 6,.further and more comprehensive survey effort' ilould be ofiairect U.n6iii-io:'I u1'Llrer dllo il]()re comprenens'lve survey effort' would be of,direct benefi't +9;r.:i
park managers ' and lend direction 'and greater scientir.i. iiqnif,igan6e'to':rI*-",future research undertakings in the pa;k.

s i gn i f I can:|e'''"to'':'i {"- i "

The Big Bend is imperfectly understood from a cultural/historical standpoint.An archeologica:l site survLy would do much to r.Jund oui ilr.-p..hirto.i., r:

l!9Yll99: giving greater definition to the prehistoric cuttui-es, ln.i.:r.-rattonships and temporal phases. Further, the archeological reiord of BiqBend will present numerous opportunities fo. inuestigating il.-Jvnurni.i"oithe prehistoric occupation. 
'Questions 

regarding the'adaplation of huntinq-gathering groups to the desert environmenl, oem6qraphi. tr,ung.,,;;u;;;;j;'iuand-scheduling.of subiistence activ'ities,, exploilative puii..ni ;;;';;;;;;:.utilization and other areas of interest.may be:explorea'uv inu.siiOuto.i-intthe course of survey work, while directioni ior-future researctr ard.i."iuinto emerge.

Action

Preceding the actual site survey, a_comprehensive ,literdture:s'earch 
would be'.made. A compitarion of arT avaiiabre fierd notei, ,ii"-rJil.;;; .rcuvuiion',',reports, and artifact assemblages from previous aicheologitit 

-research 
shouldbe made and.organized into a body which'wilt give a compTete up-to-date detail-ing of the known aspects of arch6ol.ogy_contained-in ir'"'pirl.-'This wi]l pro-vide data which will be useful tn deiitopinn u-rer.ur.rr hesign prior to field-work. The archeological assessment of aig Beno, prepared by"SMu, wil'l serve asa guide for this work

The, site surve.y.is.the. next phase. Because the acreage of Big Bend National
fut!.ls vast, it will-be possible to ictiieue-onrv u-iirpi. oi'tn. total area.A 25% stratified samp]g of the area within eain mtcroenvironment has beensuggested as one. sampling strategy which may be employed. Approxlmately zslfof the total park area would be iimpled. 

-r

As an additional ai! to survey investigators, the project would include theutilization of remote.sen.sins-and tnrri-rea-(ril) aha ioio. in iii;-6;[nil;",to attempt to delineate the extent and tocition'or Jrirreoiogi'cal sites andfeatures within ltre proposed survey area. Aerial photography of the surveyarea would be followed bv a complgie interpietaito_ii oi-it'.i ir,otography by thechaco center in Albuquerque and'the p..pirllion or detai'led maps from the study.
A fourth phase of research, involving limited test excavation of surface col-'lection at a few selected iites, may becor. n.i.ssary either in the course ofsurvey work or followi.ng the survey and analysii. Limited test excavation wouldgreatly increase the dala from the rr.uey,-u"na wourd be oi ri.-ln illuminatingmany of the cruestions raised during the ;;rt;t investigationi.
As the survey is set up and conducted, field investigators should be preparedto provide park managers with informafion on ili. coniition ana-preservationneeds of each site.

(Research)
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A3. Projec.t: Archeologi ca'l Investigations at Burro Mesa

The Burro Mesa archeological complex consists of a quarry, two large rock-
sheltersn and an open camp area. Archeolo$ical 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 prefemed, the present situation
may wamant retrieval of archeological data from the sites of Burro l4esa.
The area is being nominated as a National Register district. Archeologica'l
research in the Burro Mesa Complex is certain to yield significant scientific
i nformation.

Action (Research)

Research in the Burro Mesa Complex would consist of archeological testing of
the Burro Meca 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 tiint 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 thnough 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 'long as this natural fi'll 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 ot rnit.l
type. A,number of sites, such as lithic scatters, may have no depth'but,
may simply occur as lithic debris strewn about the surface. Techniial'ly
speaking, these sites are always in a state of natural deteriorationr, .

All sites, regard'less of natural conditions and exposure, are subjec,t to,
human erosion. The various levels of site pilfering ranging from sporadlc
collecting to total dfsmemberment by pot huirters 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 archeo'logical resources , :
Action(ContinueMaintenanceandNewMaintenance)..
Previous archeological surveys by the National Park Service and byl ' ,

T.N. Campbell were superficial and the time allotted for the studibs ':

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 ulittze to the fullest,
extent the information derived from prior surveys as well as information
available from the park staff. The results of i comprehensive archeological
survey of the park and the preparation of a site base map wil'l facili:tate
careful siter.by-site preservation and protection planning. A .continui,ngprogram of sunveillance will be made of significant sites to determine a,ny '

damage or deterioration, and the source. A schedule of regular inspection
and maintenance will be followed. Backcountry use of the park wil'l:be
controlled t^lhere there are concentrations of sites. Persons using the back:
99u1try wi'll be informed that archeological sites are protected by law.
visitatfon to certain sites may have to be prohibited entirely.

In sites where natura-l fill completely covers the si.te, no additional pre-
servation efforts (other than surveillance) should be necessary. For bxposed
sites or sites in imminent danger of erosion, excavation or surface:collbction
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
o_r delicate, although alternatives shou'ld be considered wh:ich would mitigate
factors which imperil the site.
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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 Spainn became the first European to enter the Big Bend re-
gion sometime around 

.|530. hlhile Spanish concerns during the following 150 years
alglg the Rio Grande remained concentrated further west, in New Mexico, Spanish
soldiers were called upon on occasion to offer protection to the, native peoples
living along the Big Bend of the Rio. After 1776 two mission-presidios i^rerb 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,. howevgr, many of the villages along the Big Bend were destroyed
by lhe northern nomads so that by the mid-nineteenth century no villages were in-
habited in the inmediate region and the area was rarely, if-,ever, visited by Euro-
peans. The mission-presidios had long since fallen into abandonment. "The ar:ea 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 !lan. With the
Treaty of Guada'lupe-Hidalgo, all lands north and east of the Rio Gr.ande were
transfemed to the United States. The Big Bend ceased to exist as an'interior
zone, becoming an.international border area. Mexican-Indian peoples along theriver continued to move back and forth across the river however.' The Apaihes and
Comanches continued to use Rio Grande crossings on the "Comanche Tr.ail'l'into the
last half of the century. Increased use of the Grand Indian Crossing near the.mouth
of l4ariscal 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 throubh severai of the
well-known landmarkt in the present park. During the Civil War,.all activities
qlong the Big Bend international boundary came to a halt. ,Indian raids across the
Rio Grande by ryay, of the Comanche Trail Lecame most pronounced. The Big Bend-re-
mained unoccupie{ by settlers. But, the coming of the railroad and the eventua:l
subj.ugation of_'the Indians,allowed cattlemen to enter the area in the,lBB0ia
Graduallv ttre Anglo-American population of the area increased. The discoveiy ofquicksilver at the turn of the century accelerated economic development whic-h
indirect'ly brought about an increase in ranching and irrigated farming activities.
The combination of the Mexican Revolution of 1910, the outbreak of World !,lar In
and later the adoption of the prohibition amendment in the United States led t6
the creation of a situation along the international boundary between the United
States and Mexico which culminated in a long list of raids itong this border. Local
law enforcement officers, aided by Texas Rangers, were unable t6 protect life andproperty along the border. Consequently, in lgll the United Statbs began the de-
ployment of cavalry forces along the unprotected and unfortified boundiry.

The Big Bend country saw sporadic cavalry patrol activity during this time. In
the l,|ar Department the area becane known as the Big Bend-distriit, with headquartersat Camp Marfa. Gradually the danger of trouble along the Mexican border decreased,
and military.units were withdrawn. Durring the 20's qnd 30's, a peaceful period
9f general mining, farming, and ranching activity resunnd and coirtinued uirtlt theBig Bend National Park was officially established in 1944, and the new era of Big
Bend hfstory began.
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H1. Project: Preparation of Historic structures Reports

Historic Structures Reports document the findings of the historian,
archeologist, architect, and other professionali; the ana'lysis of
these findings and recommendation of conservation; and, whlre appro_priate, construction actjvities for the appropriate level of treatmentfor the structure. The Historic Structurel nbport is a prerequiiit-
to the development of Preservation Guides and Maintenance Guid'es.
Making repairs without knowing what caused the damage usually resultsin the need to make the repair again. Historic Strlctures Rlports
attempt to determine causes of deterioration, and identify means toprevent further damage.

Historic Structures-Reports f,rave. been completed for the Hot springs
Historic District (1968 and 1969), and foi^ ilre castolon Histoi^ic
District (1969 and 1971). The latter, however, is incomplete, and
requires revision so that it wil I include the Alvino, Gai^t ict<, ana
Magdalena dwel'lings. Additional reports need to be prepared in orderto determine the nature and extent of preservation work'to be under-
taken at the following historic districts: Homer l^lilson 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: (r) 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, suppjy'ind work
forgg_logistics analysis, material and labor cosis, and bitimateo
stabilization costs. Documentary historical research will also be
performed to aid in determining itructural history.
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H2- Proiect: Preparation .of Preservation Drawings and Specifications

Construction drawings are required to provide detailed instructions topreservat'ion erews for 'those his.toriC structunes in'heed df ,:s:ta6iiliziir'on.
The. drawings_will 

"deJineate the nature and extent of preservition-r1nr"ki 
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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 wi:ll 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 inrmediately while the
others should wait until construction has been comp'leted.

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 gufdes will be subject to review to assure compliance
with Section 106 of the l,lational 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
wi.ll be necessary on the followi4g structures or groups of structures:
Castolon, Homer lrlilson, 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
S-year Prograrming 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 compl iance with Section 106 of the
National Historic Preservation Act.
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H5. Prgiec-t: itaintenance of Historic Resources

0n-going rnaintenance of histnric structures rill be based on the
schedutre of maintenance activities as detailed in the presenvation
guide. -. ,;r

Action (Continue Haintenance)

Undertake such mrk as becms necessary to prevent deterioration of
structr,rres until preservation construction can be ccnpleted. Advice
andlor assistanee witl be provided by the Regional Preservation tean
wtren the parrk staff is wrsure of proeedlre, or if nee&d repairs are
beyond capabilities of the area staff," hen a preservation guide
is available, maintenance rill be based on the sehedule, Tevel
and techniques recomlded in the guide.
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II

I V. OVERVIEl^I

The.following is a review of all actions proposed within:the Big
Bend National Park Resources Management plan'and outl,ined in th6four categories described within lhe plan. :

IflOsE ACT IONS L,IHOS E IMPL TMENTAT ION l^ll LL HAVE A SIGNIFICANT AND
UEASURABLE EFFECT SI GN I FI CAN I ACT I0N

No such actioris are planned. Ail projects included in the
Resources Management plan were considired on their own ,..ituld,.in every case, those acti.ons. planned do not have asisn!ficant or measurable effect oh the environment. Allof the actions fall into categories II, III, or IV.

THOSE ACTIONS " I,,HICH },lILL CONTINUE EX-ISTING MAINTENANCE

Natural Resource Projects 6, 7, g, g, 10, ll
15, and l6; and Archeological ,,project 4; and
Project 5 fal I into thi s type.*., ,,:

, 12, .|3, 
14,

Historical

I I I. THOSE ACTIONS NEt^l

17 , JB, J9, 20,2L,
Hi stori cal Project

MA INTENANC E

Natural Resource Projects .|3, 14, 15, .|6,

and 22; and Archeological project 4; and
4 fall into this type.

IV. }JI LL ENTAI L RISEARCH, RESEARCH

Natural Resource projects 1, Z, 
-3, 

4, s,'ii, 24, 25,
and Archeological projects r, 2 and i; ina Historicil
Projects l, 2 and 3 fall into this type.

DETERMINATI0N, Il is determined that a'll-projects included in the BigEena-N-aJl-on;I Park Resources t'tinagerent Plan and ougined above areresearch and maintenance in charaiter and do not signiiiiuntiv-affect
the environment or cause controversy. Therefore, in accordance with
!n: .rgllowfng paragraph from "Envir-onmental Assessments and statementsGuideline" (NpS, December ZZ, 1976, Chapter j,-page, 3 and 4),

"Routine maintenance and operation of parks, smal I
change! i n _programs for manag i ng resources andproviding for visitor use, and iimilar continuously
occurring minor actions . . must be taken in ways
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that ensure protection and enhancement of environ-
mental quali.ty, but a written documentation of their
environmenta'l impacts is not required."

NO ENVIRONMENTAL ASSESSMENT WILL BE PREPARED.

Recommended by:
, Natdra ReSources , Southwest Region ate

Recomnended by:
, Southwest tura esou rces en ter Date

Concurred oJ
As soci a Regi onal Di rector, Park perati ons Date

Approved
Reg i ona Di rector, outhwest Regi on Date
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APPENDIX A

General Information and Recommendations for Caves
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GENEML INFORMATION AND RECOMMENDATIONS FOR CAVES

The-Big Bend region of Texas is one of approximately nine karst regionsin Texas; however, due to its remoteness,'few o.gunireotspai";iogi;;i"-
investigations have been attempted. Paleozoic and Cretacbous rolks'arepresent but caves, are.known.only from the lower cretaceous ige. Thetwo primary cave.beari!9 units are the Del carmen Limestone (iio-ils
meters thick) and the santa Elena Limestone Qio-zao meters int.r,il-
Fewer than 50 caves are known from these formationt, p.iruriiy'jue tolack of organized explorati'on. The great ttrii[ness6s'of ]imeitone,
accompanied by strong tectonic forcei, make these areas excellent iandi-dates for cave discovery.

The following areas require particular consideration:

l. Mt. Emory Cave.

This cave, located on the north-west face of Mt. Emory, is of particular
interest since it,contains one of two known coioniei "oi il,.-ll.Ii.un
Long-Tongued Bat.(Leptonycteris-n-ivalis) in the uni.ted st;te;. This batis present only in-The sliffiffiiicFiFis a nectir i..a... --i; .il;iiiriI nery 9!nu9 and species of beetle (Tenebiionidae) and a n."'tp.i.i.t oi '
9::tl:. lcg]qgolqt.) were discoveredTit in irre .i.rv"igoo;t.'
jlg^:lyg arso acts..qi a nurserv colonv for the western Big Eired.Bar
( Pl ecotus lgrynseqdi i ) .

There are two recommendations for this cave:

l. The cave is a fault-breakdown cave and is potentially dangerous.
No spolt caving .should be allowed and.entrance' should be"reilrictedtoqualifiedandcompetentresearch9riwithspecitlcgout''in;i;i:

2. The cave should be crosed between June I and August 30 to pre-vent disturbance of ecveral species.of bats which ire r,nown-toinhabit the cave during these inonths

2. Mariscal Mine

This.mercury m-ine is located on the northern flank of Mariscal Mountain
lnd is extremely hazardous to humans. The mine acts as a nursery colonyfor the Western !ig Eared_.Bat (Plecotus townienaiii-"ni.[ ii'iii; assumedto hibernate at Big -Bend NationaTETRl Twing$-ihe exiremeiy-hazardousconditions which exist in the mine, admittancE io the mlne-ifioirld b. t;;:hibited to all but researchers wittr unassiitiote reasons for entering andtaking all safety precautions.
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3. Mari s ca I Mounta i n Bat Cave

This series of caves, located on the southwest face of Mariscal Mountain
and visi ble from the So]is parking area, contains a popu'lation, of cave

swal lows (Petrochelidon fulva) which are re]ative:ly rare in the United
States.FIImmheErCaveisreputedtobe''unusua.|inbeing
bottle-shaped with the bott'leneck pointing downward, resulting in poor
ventilatioh, 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 craw'l through the bottleneck to enter the foul bat
ioom." (Easterla--Ecology of the lB species of Chiroptera at Big Bend

National Park, Texas, 1973)

This cave contains a nursery colony of Fringed Brown Bat (l'l.votjs thysanodes)
and apparently acts as a summer roost for male Mexican Free-Tailed Bat
(Tadarida braliliensis). Entrance to this cave should be restricted from
June 15 to August l.
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 location is unknown to NPS.personnel. There
is-anothei report-of a blowhole in the Dead Horse Mountains near Sue Peaks.
These areas should be investigated with the assistance of an organized
speleologica'l group

Tay'lor and McDougall (Preliminary Report of Ecological Survey of Big Bend

Nationa'l Park, Mirch-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 present'ly
unknown to park personnel

The cave on the south side of Mule Ears Peak was found to contain fragments
of the bones qf 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.

All of this merely points out the pressing need for cave inventory, mapping'
exploration and slibntific investigation of cave resources at Big Bend.

-t.l
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5. Classification and Inventorv

A dual sJStem of-cave-classification and inventory has been developedby the National park service, the nurei, oi-ilil il.il9rr.ri,-ina tn.U.S. Forest Service, and is in use in severai-rlut.r, includingArkansas and New.Mexico. The ciassiriiition'und rating system isrgtfgr bulkv, and is not inciua.a iti ihi;'ii'oinilnt. rt may be obtainedat the pafk headquarters or at the'oivision-oi':ilatural ResourcesManagement at thi Regional oiiiCe-in iinii"r., ii.n Mexico.

n
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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 survei'llance, public education and contro'l over back country use.
Restriction of access and fencins must in the meanwhile be developed and
enforced.

Preservation planninq should include all direct and indirect measures for
protecting arbheoloqical sites. "A comprehensive archeological site survey
i^ritt provide new inforrnation on the locations of individua'l sites and important
site concentrations fuhich, 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 locatibnal data, the survey will provide information on the
condition of sites. Specific preservation..,;fiaintenance or protection needs
can then be determined and scheduled by park management. Data on location,
condition, and visitor impact wou'ld be used directly in the monitoring program.

The research design for a comprehensive archeological survey should be a
detailed program which includes site surveying, ecologica'l studies and
test excavations. The study would utilize all data derived from previous
researc-h, including natural science studies. The site survey should be an
extensiV€ and detailed study which records a large sample of archeolog_ical
sites in a systematic mannei. The survey wi11 enlarge thb data base for the
chronology of the prehistoric 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.

Foltowing 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
formul ated.

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

The fo'llowing scope of collection statement was formulated using the
Jul.y, '1975 Interpretive Prospectus for Big Bend and the guidelines
contained in the Museum 0perations Handbook.

Scope of collection, specifi0ally, is barel_v 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.limit acquisitions to specinrens in good or ootentially
good condition for exhibits actually planned or programmed. An
herbarium, a cabinet of minerals, and similar collections of
representative species mav be.ver.v usefu'l 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 dll,.if a pressed lupine is damaged or
lost, it can be easily feplaced." i.

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 materidlize. After a number of .years,
exhibit concepts and specimens needed for them may change subitantially
from those now envisioned. For this reason, the parkts collection of
exhibit-quality objects, whether biological or historic, shou'ld remain
flexible and, when possible, continqe to gro$,.

The museum collection is currently used primarrily as a study collection
for the interpretive staff and visiting researchers. It contains
approximately 4280 cataloged items, fal'ling 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. Expend.able specimens of the
cormonly seen plants'are available for visitor use
in the form of a "Knov Your Plants" La.yman's
Herbarium in the main lobby. 'However, a more
complete series fills a definite need. in the museum
collection and should be continued.

B4



Archeological - approximately 300 specimens
Mihy of thesb are from pre-park field collections,
acquired b.y donation.

Historical - approximatel.y 250 specimens

Geological and Paleontological - approximatel.y 200 specimens

Zoo'logi cal
Birds- approximately 140 - study skins
Marnmals - approximately 50 + stud.y skins
Repti'les and Amphibians - approximatel.y 75 preserved specimens
Fish - approximately 30 preserved specimens

In addition there is an insect co]'lection 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 rrark. 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.
Space 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 adequatelv met.

The collection is available at an.v time to park staff and persons engaged
in research in the park, and to interested visitors when an emp'lo.yee is
available to accompany them.

A

t)"

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 Conrmunity Room at Park Headquarters of cormon insects and i
arthropods which attracts much visitor attention before and after programs
he'ld there. Like the museum, however, this room is open to the public
onl.y when an emplo.yee is there. Study skins, sl<ulls, and similar specimens E
have been used successfully in afternoon "workshopsr" 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) fulfil'ls 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.
Aoeession book, catalogue cards, and source of accession fi'le are
kept up to date. Storage is in standard specimen cabinets, and
checked on a regular basis. An oral history tape library 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, a'long 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. 0n 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. i.e., Glenn Springs, Hot Springs, Castolon, Wilson Ranch,
and Mariscal Mine. Unless there is some irmediate, 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 a'll natural history
categories as research priorities are determined.
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BIG BEND BIBLIOGRAPIIY

GENERAL

Anonymous. The Link with the Last Frontler. 3-7 pp

" Land of Contrasta. 11-14 pp.

rr 1950. Big Bend NatLonal Park - "Down Mexico I,Iay." lilest Texas
Today, June, 6, 16 pp.

rr 1955. Big Bend National- Park is Dedicated. trlest Texas Today,
November, 4, 18 pp.

rr 1959. Blg Bend National Park Grows. Rio Grande Review, April
1-3 pp

" 1956. Big Bend Natlonal Park: Its Past - Its Future.
Progran and Plan: Big Bend Soil and I'Iater Conservation
DistricE, 227 227-29.

Bennett, "Nig." 1950. Big Bend Park officlals are Hosts to 45 Alpinites
on "Show-Met' Day. West Texas Today: October, 14 pp.

Bickl-ey, James T. H. 1950. The Ghosts of the Chlsos. Naylor, 84 pp.

Big Bend National- Park. 1953-54. The Back Country. Short duplicated
pamphJ-et, 6 pp.

Dobie, Dudley R. Lg52. Adventures in the Canyon, Mountains and Deseut
Country of the Blg Bend of Texas and Mexico. Privately printed,
22 pp

Doble, J. Frank. L954. Mystery of the Lost Apache MLne. Mech.
Illustrated: Dec., 66-68, 208 pp.

Emory, WiLlian II. 1857. Report on the Unlted States and Mexico Boundary
Survey. U.S. 34th Congress, lst sesslon, Senate Executive Document
/i168, Vol. 1, part 1: 49-6L,74-92 pp.

Emory, I'h. H., lt. al-. 1857. Report of the United States and Mexican
Boundary Survey. U.S. 34th Congress, lst Session, House Exec.
Document i1135. Vol. 14, Part 1, 258 pp.

Jackson, Earl. Lg67. Your National Park System ln the Southwest.
Southwestern Monuments; I pp.
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I]ASIC TIIIII'{ATIC i"TAP FII,N

Itegl"onal Features
Poptr lat ion Centers
Pol i.ttca I Srrbd tvj.si ons
I.and [Jse
Outdoor Recreation Facll itles
Transportation, Communlcation, litillties
OvernLght Accommodations
Land Orrnership

PAP.K SPNCIFIC FILE

Topography. There is a U.S.G.S. map, No. N2900rW12040, 30;lB0 NPS
dated L969, scale J.:130,000 of Blg Bend Natl-onal Park, Texas.
Available at Park Ileadquarters and Southwest Regional Office,
Santa Fe, New }Iexlco. U.S.c.S. nap No. 2858-W10248.5,44X59.5
dated L97A-7L, scale 1:l-00,000; is available at National Parlc
Concessions, Inc., Chlsos Basln, Bl"g Bend National Park, Texas.
U..S.G.S. quadrangle maps Serles V882, scale 1:24,000 dated 1971
are avaiLable at NatlonaL Park Concesslons, Inc., ChLsos Basln,
Rlg Bend Natlonal Park, Texas.

r;eglgf. Geologl.cal map entltlecl, "Geology Map of the Bi,g llend
National Park, Brewster County, Texas; scaLe 1262,500; produced
by the Unlversity of Texas, Bureau of Economlc Geology. This
map is contal.ned in an envelope attached to the lnsl-de back cover
of a book entltled, "The Big Bend of the RLo Grande" Guidebook 7,
Ross A. MaxweLl, The UnLversity of Texas at Austin, 1968. Book
and map are avaLlable at lleadquarters, Bl.g Bend Nattonal Park.
Natural Resources Pro.lect N22, of thls plan, addresses the need
for addltlonal geological research.

Land Use and Onrnership. Land Status and Boundary Maps, which
denote status of lands withln-the boundarles of the park, are
on flLe at Headquarters, B1g Bend Natlonal Park and at Southwest
Reglonal Offlce, Santa Fe, N.M. Informatlon regardLng lands
adjacent to the park may be obtalned by consultLng the plat
maps, County Assessorrs Offl-ce, Brewster County Couuthouse,
Alplne, Texas. Updated recent boundary changes are avail-able
at the Divtslon of Land Acquisltlon, National Park Service,
Santa Fe, N.M.

qo_i1-L A general soLl map to the associatLon leveL is avallable
and titLed "General So11 }lap", Brewster County, Texas; comp{led
by the U.S. SoLl Conservation Servlce cooperating wlth Texas
Agrlcultural Experinrent Statlon, Oct. 1973. l{ap No. 4-R-33, I-13.
The need for a rnore detall.ed study of solls within the park ls
addressed ln Natural- Resources Reeearch Project N-20 of the
Resource I'Ianagetnent Plan.
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!iyar"&gy. t{ost of the hydrologlcal features of the parh m;ry bedlscerned fron any of the several ll.s.G.s. naps of Btg llend
rnentioned above. A detalLecl hyclrologlcal ,"p, 

",r.rent throughFlscal L969, ls contalned in, ;'A R"port of tire progress of theInvestlgatlon of the l"later Resources of Big Bend Nattonal park,
Brewster county, Texas" by E. R. Leggat, u.s.G.s. coples areavail-able at the southwest Regronal offlce, santa Fe and park
Ileadquarters, BLg Bend National Park. In additlon, ',vtrater Sourcernventoryr', identified ln the Resources Manag.rurrt'pr;;-;; r,i"i"."r
Resource ProJect lr-1, ls Ln progress. The "i"ay J."i" 

-piirarily
with natural hrater sources (sprtngs). Maps of sprlng locationsare lncluded in flve large loose leaf blnders aval.lable at park
Headquarters.

Xrct*lg. A vegetatlon map complled by Dr. Barton l,tarnock, sulRoss state lJniverslty, Alplne, Texas and ltralter ll. Ktttans, NationalPark servl'ce, ln 1970 is avallable at park Headquarters. A revisJ.onto lnclude the park road system was done Ln r-97i by Birr Jones,llatlonaL Park servlce. other vegetatlon maps, draited at Denverservl.ce center durlng the sane period are also available. Arsoon flle at Park Headquarters are a map of threatened pLants, preparedby Dr. warnock; and an overlay of Blg Bend vegetation ln the parknap flle whlch dellneated foui vegetatlve "vl.ones; (o.""rt Scrub,Grassland-Sotol, Woodland, and Foiest).

Wildlife. There are no overalL wlldlife naps of Blg Bend llatlonalffi several schematlc ourps representlng portr.ons of the park
have been prepared ln conJunctlon wlth research reports by variousinvesElgators for rndlvldual specles. (Exarnple: boyot., Deer -Mule Deer and carmen wtrltetall, Javeltni). coples oi ttrese reportsare available at park Headquarters, Brg Bend Natlonar. park.

cultural. A sche,ratlc large nap showing archaeoroglcal slteGcatf3ns and groupr"gs is lncr.uded in T. N. campbellrs reporr onArchaeologlcal rnvestigatlons wlthln the Btg Beni, and ls avairableat Park Headquarters. This report sumnarizes ArchaeologLcal vrorkln the area datlng from, before eatablrshmenr of rt" p"i[. Therehas been no complete archaeoroglcar survey of the p"rl. see Arch_aeological Resources proJect A_2

Recreatlon, Deve.1-q-ppent, and Support Facilit4. i{aps of thesem elopmental Concept planfor chisos Basr.n. Future developnent concept prans have beenprograilmed for Rio Grande vlu.age and castolon. Each developmentconcept plan is to be consistent wlth an approved Statement forManageurent, available at park lleadquarters.
NARMTIVE FILE

clrrrt.. Detailed weather informatr.on, includlng temperatureand ral'nfall averages by month, season, and year; ls avallableat Park Headquarters, panther Junction. sunnary sheets aremalled out to lnterested persons on request. Addltional infornationin sununary form is contained in the Resource Management pran,
avallable at the park and at southwest Reglonar. office.
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SocLo-economLc fnllrygn]!. SocLo-economic factors hrere con-
siaereffi Devel-opment concept plan and such
studles will- be avall-abLe at such future time of development
concept plans for.other areas of the park.

Geology. Narratlve treatrnent of the Geology of Big Bend ilational
Park ls best presented lnthe works of Ross i,laxwell, first superin-
tendent of the park, I'The Big Bend of the Rio Grander Guidebooli 7"
and "Geology of the Big Bend Area, Texas!' published by West
Texas GeoLogical Soclety, Publicatlon /155-51, 1965. Both books
available at Park Headquarters, Panther Junccion.

Land Ownership 
-an_d 

Use. In additlon to the maps previously cited,
documented lnformatlon deallng wlth acquLsition of lands within rhe
park boundaries, as well as tubsequent boundary changes ls on file
at Park lleadquarters.

Solls. See prevLous reference.

Uyarolg.. See aforementioned Reports and Projects deallng with
thts subject, Basic Thematlc Map Flle and Park Specific FII*-.

Vegetation. There are numerous sclentlflc papers, reports and
books, dtscussing the vegetatlon of Blg Bend, avallable ln the library
and for sale by the Btg Bend Natural History Association at the park.
Notable among them are: "Plants of Big Bend Natlonal Park" (GPO 290pp),
I{.8. McDougall and O.E. Sperry, l-951-; "PLants of the Blg Bend }trattonal
Park" (Mimeographed 24 pp), Barton [1. Warnock 1967; "Natura]-Lsts tBig
Bend "' Roland H. ['lauer , L973

I^Iildltfe. As with the Vegetatlon of Btg Bend, there are numerous
scfenFfc papers, research reports, and books discusslng the
wlLdllfe, many are lengthy dissertatLons on indlvldual specLes,
others are general and lncluslve. A11 are avallable at Park Head-
quarters. In the "General" categgry the following are worthy
references: "EcologLcal Survey of the Btg Bend Area" Texas A & l'1

College, 123 pp., K.L. Dixon; rrPrelLminary Report of an Ecol-ogical
Survey of Big Bend Natlonal Park" mineographed report for National
Park Servlce, 55 pp., W. P. Taylor, W. B. McDougalJ., and W. B.
Davis, L944; "EcoLogLeal Survey of the Blg Bend Area" Administrative
report to Texas Garne and Flsh Cornnlssion, 123 pp., C. C. Wallno,
D. 0. Dixon, and !il. G. Degenhardt, L957;rrVegetatlon and l{iIdltfe",
National Park Service, typed report, Roland Il. [,lauer, L969, In
addition an extenslve card fl1e on wlIdllfe observatlons withln
the park ls malntalned by the park staff and ls Located in the
park llbrary.

Cultural Values. The Archaeologlcal and HistorLcal- (CulturaL P.e-
so.r sectfons of this plan contaln considerabLe narratlve
Lnformation. Coples of the ttArchaeologLcal Assessment" of Big
Bend National- Park by C. Brltt Bousman and Margaret Rohrt, Southern
ltethodlst UniversLty are avaiLabl-e at Park Headquarters and at the
office of CuLtural Resources, Natlonal Park Servlce Southwest Region,
Santa Fe, N.M. Historlcal studies and reports are also avallable.
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ttecrgat_lonr__O."_gloprqq_-and_-9_qmglt__f"c1_1-l-q.1.s.. See ref erence
regardlng Park Spectflc Ftle.

ANNOTATED BIBLIOGMPHY

Appendlx to Resource I'tanagement Plan.
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FOR

BIG BEND GAI'{BUSIA

BIG BEND_NATIONAL PARK TEXAS
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prepared by

o,?'i"Sl l'f . "jlH"'"",
Roland H. Wauer3

L/ Department of Zoology, university of Texas, Austln, Texas 7g7L2

u X#:lff;i":t;:*T"liil"';rl;3' ""n 
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BIG BEND GAI,{BUSIA

HABITAT I'{ANAGEMENT PLAN

BIG BEND NATIONAL PARK

The fol-lowing material was devel-oped for the express purpose of

providing guidelines for preservation of Big Bend Gambusia (Gambusie

gaigei) within a stable habitat at or nearby the speciesr type

Loca1ity. This plan complles with policy dlrections for endangered

species within areas of the Nati.onal Park Service. The plan i"s 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 ttCritical- Habitattt management p1-an, elther, but may be consldered

as directions for preservation of the "essential habitatrr for Big

Bend Ganbusia.

BACKGROTIND

HISTORICAI AND CURRENT STATUS

Gambusia gaigei was flrst reeognized by Carl L. Ilubbs (1929) who

described the species based upon specimens coll-ected by Frederick M.

Gaige on August 3, Lg28, "from marshy cattail slough fed by springs

located close to the Rio Grande at Boquil-las, Brewster County, Texas,

opposite the Mexican vLllage of the sane name,r! No further specimens

were collected until- June 11, L954, but these were obtained from the

Graharn Ranch Warn Spring (spring 4). See Map A for l-ocations. It is

highl-y likely that the type locality is not the Graham Ranch Warm Spring

as Gaige rilrote to Hubbs and Springer (1-957) in 1956, 'rBoquillas Spring
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is a different one at which a bathhouse rras built. r'

rn 1937 and 1938 the Boquillas area was visited by Drs. J. T. van

Tyne and I4I. F. Blair and by professor Leo T. Murray. Dr. van Tyne

reported (Hubbs, Lg4o) that 'rthis is the largest river-side spring

in the Big Bend region, and one of the permanent rdaters of the regionr,,

and Professor Murray reports that "thls cattail slough was bei,ng

eroded rapidly by side cutting of the Rlo Grande in flood when r
vlsited Boquil-las Ln August, 1939. rf the process went on long

after r, 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 o1d ranger

station (now the Research station). sprlng 4 is substantially
l-arger (van Tyne) than the others and distinctly above the flood
plain (Murray). rt seens J-ikely, therefore, that van Tyne and

Murray may have thought sprlng 4 was the type locaLity. rn contrasr,

however, Gaige specificaLly disagreed and stated that he coLlected

the fish at a dlfferent 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 dlffer norphologically from rhose

obtained at Sprlng 4 In 1954

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

the Rio Grande to Boquillas village. That spring has concrete wal1s

and flts the Gaige description very we1l. Furthermore, Ranger John

Palmer felt that was the BoquilLas spring but that it had ceased
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f lowing f or a while in the early 1950 t s . This spring now has popula-

not result ed int ions of Gambus ia af finis and ext ens ive s earches have

discoveries of any resident G. gaigeL. parenthetically, G. gaigei were

placed ln that spring in t-956 but no survivors were noted.

Although the Van Tyne and Murray observations do not substantially

detract from the probability that 9. gaigei originally lrere collected

from Boquillas Spring they do suggest that Gaurbusia occurred in spring

4 during their visits--the status of field biological resources i.n the

1930rs rdas that type localities rdere seldour so precisely l-ocated that a

sanple from 2 lnr distant would not be construed to be a different loca-

tion. Dr. tr{. F. Blair accompanied Dr. van Tyne but cannot recall the

details of the itinerary of their visLt to the Boquill-as area. The.

evidence available supports a hypothesis that in 1930 G. gaigei lived

in at least two sprLngs (and perhaps aLso spring 1) on the north shore

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

subsequent efforts to discover additional populations of Ganbusi"a

gaigei ln the Boquil-las area have been unsuccessful. The various

outflows at IIot Springs, "-Bathtub'r springs, small outflows very close

to the river bank, and even Glenn sprlngs have been examined but no

Gambus ia gaigei obtained. At present, g. affinis abounds in the out-

Boquillas Spring and Spring 4.flows of

Regardl-ess of the probability rhat g. gaigei once lived in Boquillas

spring the entire known population ls descended from spring 4 stocks.

Boquil-las Spring was examined in I-956 and no fish were seen in that pool.
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Distrlct Ranger John Palmer reported that the spring had gone dry

tta few years Bgott, presumably during the drought years. Water was

in the spring pool that fal-l but no fish. Later G. affinis were seen

there, presunably invaders from the adjacent Rio Grande.

There is Litti-e 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 wa1l still stands but is now covered by a con-

crete roof. The waters from this pool- overfl-owed through a hole (still

existing) on the west side and ernptied into a dredged ditch flowing at

a right angle to the south. That dredged dltch was "L foot wide and

2 feet deep.tt 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 2o feet wide, 40 feet 1-ong, arrd 4 feet deep." That was the

rotal- range of G. gaigel in 1954 and 1956. In 1956 Cl-ark Hubbs examined

the reglon west of the dredged ditch and noted what appeared to be a

natural stream cou.rse that extended to a row of trees among whieh rem-

nants of an obvious spring run could be observed. This water course

can still be noted 20 ur * east of Rio Grande village Campground at the

start of the Nature Trail.

It was apparent in 1954 that the dredgLng and pool construction was

relatively recent, presumably the previous sulmer. By 1956 the surrounding

emergent vegetation had drastieally increased, so much that it had to be

cut and removed to facilitate remedial work that faLl. Presentl-y the

II

IT

r-

-

-a

il3



-r.

-a

vegetation has so overgro$n the area that it ls not possi.ble to deter-

mine the precise location at the dikes and water courses unless the

"reeds" are cut again. rn 1954 and 1956 (drought years) littLe or

no water left the "40 x 20 footrf pool. Now (normal- rainfall year) a

stream l-eaves and crosses the nature trall ca. 2O m east of the ttnaturaltl

strean course. That water soon drops preclpitously into the Rio Grande.

The dikes seem to have been built in c$rjunction with pl-anned develop-

ment at Rio Grande Village. The objectlve seens to have been the con-

struction of a childrenrs fi.shing pool. Apparently, catchable fish

did not naturally populate the pool so they nere suppLemented with

fish (ttcatfish'r and "perchr') seined from the Rio Grande. presunably

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

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

samples available, it is unknourn whether the mosquito fish previously

lived in the spring 4 outfl-ow above the steep north bank of the Rio

Grande; presumably that bank served as a barrier to the upstream dispersal

of G. afffuis. Under any ci.rcunstances most fish sanpled in 1954 were

Ganbusi.a galgei, but conditions nere vastly different on Aprll 27 and 28,

1956' when G. affinls were much more abundant than G. galgei. Fol-J-owing

that observation recomendations for remedial actlon were made (Hubbs and

Broderick, L963). The serious nature of the status of Gambusia gaigei is
underscored by Matthiessenrs (1959) premature report of its extinction.

The first remedial program was on

seined from the dredged ditch and

area hras t reat ed with rot enone in

october 9 , 1956, when 25 G. gaiggi were

placed in live tanks. Then the pool

a f ut il e ef f ort to eradicat e G. af finis

il4



from the ditch and pool. Fewer than 25 additional G. gaigei were

found after the treatment, suggesting that a de1-ay woul-d have caused
:

Matthiessents pessimistic report to have been valid. No other p. gaigei

have been found in the Spring 4 outflow, but G. affinis was soon seen to

have repopuJ-ated that region. Fifteen of the 25 fish were placed (5 in

each) in Boquillas Spring, 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 llo units, 6 to a tank adjacent to

Panther Junction and 4 (2 i + dl) 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 Austln died but the other

female and the 2 males survived the winter in a l-aboratory aquarium room

(incl-uding one time when a part of the building rilas treated with an

insecticide and the fish in one-half of the aquaria perished). The

following spring the three surviviors (and only l-iving 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 comnonl,y exceeded 1000 individuals and for a time all was

well.

The carnpground in the Chisos Basin comronly was fill-ed and the campground

and associated facilities at Rio Grande Vlllage were needed to accomrnodate

the overflow as well as vi.sitors desiring a river bank camp site. A

number of natlve 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 imrediate north bank of the asphalt road. overflow water from

that Pond supplemented the rdater in the Gambusia gaigel- refuge. presum-

ably Gambusia affinis were pumped from the Rio Grande wlth the irrigation
water' ApparentJ-y' green sunfish Gsponis cyanallus) entered the refugium

by the same provenance. some of them entered the uppermost (northern)

pond, thrived and spread to the niddle pond (the lowermost = southern,

connonly dried so often that it contained no l_iving fish). when this
situation was discovered on Aprir 16, 1960, it was obvious that the

processes of 1-954-1955 were again under way and it was expected that
it would be an even more rapid decline in g. galgei abr:ndance as the

contaminated pond had somewhat different environmental condi.tions than

occurred in the spring 4 atea. consequentLy, 15 G. galgei were collected

and transported to Austin (2 died) but 40 young were born. Sixteen qf

the 50-60 flsh were transferred to the University of Michigan for insur-
ance against a catastrophy.

During the 1960 surtrner the present refugir:m pool (Ganbuelapond) was dug

and fiLled with lrrater punped from sprlng 4 (also spring 1). Twenty of
the 38 surviving in Austln were taken to the park on August 7 and placed

in the new pool. The old refugium pool was seined at that tine and the

8 G' gaigei that were coll-ected were transferred to the new refuglum.

subsequently, no G. gaigeil 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 rtere discontinued. The remaining 18 fish in Austin
I^rere transferred to the Brackenrldge Fiel-d Iraboratory at which location
they have been continuously cul_tured.
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During L968 Chief Park Naturalist Roland H. Wauer noticed that green

sunfish were in the new refugium (Wauer, L973). Presumabl-y they had

been placed there by "sport" fishermen who had caught then in the old

refugium. Regardless of their source, they were there and presented a

probl-en. The water level in the pool was l-owereC,G. gaigei set aside,

and all remaining fish elirninated. Then the G. gaigei were returned

and the population was reestablished and flourished. Pool maintenance

involved periodic checks of water level and if 1ow 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 shal-low 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 t[ulch 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

Idoven wire fence with a l-ocked gate. A National Park Servi-ee sign briefly

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

The 9. gaigei population cul-tured in Austin similarily underwent develop-

ments. The stock rilas transferred to a 6 m diameter X 2 m deep plastic

lined swirnrning pool in 1965. That pool has had a constant flow of well

water since that date. Periodically, subsets from that population are

taken i.nto the laboratories on the rrain campus to ensure overwinter survival.

ll7

IT

-l

-

t-

-

t-

-

t

taa.

-

-

F

i-



Oth-er subsets have been placed in snaller plastic lined pools but those

have now been dlscontinued. In 1971, a subset was taken to a concrege
4lined 10 m' pool x 4 m deep. An adjacent identical pool was used to

house another backup popul-ation of the related and critically endangered

Gan-busia ami-stalensi.s. Both concrete llned ponds were supplied with well

water from a slngl-e outlet between the ponds. Flow to both hrent through

a T which unfortunately 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 L972, it was noted that the hose to that pond had been

moved; apparentLyr 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. Some 9. gaieel survived this disaster. The hose was returned

to the pond but placed beneath the surface as was the hose to the G.

between the pools made it_qrnistadensis pool. Direct water connection

possible that both backup populations nere contaminated by individuals

of the other species entering by swiunlng 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 contaminared. In 1973, rhe U.S. Fish and ltrildlife
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 knorun to survive and

flourish, they were replaced by pure stocks on August g, Lg76.
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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 exarnined by a variety of visitors and Park Service personnel.

The next notable observation of difficulties was in December 1975 when

Harry Steed observed dead Garnbusia 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 shoek: (1) the weather

on the preceding,night had been cold: (2) the r{ater surface was low; and

(3) the accumulat,ion of organic debris had raised the bottom. As no

source of inflow rdater was available to nitigate against the climate, it

seems likely that the L972 problems at the concrete lined pond in Austin

had been repeated in L975 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 hreather. A major cont,ributant to the

new problem was undoubtedly the unexpeeted shallowing of the pond due to

accumulati-on on its bottom. On March L6, L976, John G. Willians and

Thomas Lucier observed the refugium and found no fish. Following that

disturbing report, Roland trilauer, 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 Gambusiar pre-

surnably descendants of unknown stocks maintained indoors in the park at the

time or from a snall 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
l

frorn Spring I has been established to enhance survival of the stock.
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REIATIONSHIPS

Gambusi-a gaigei was considered as related to G. senilis and G. noblis
by Hubbs (L926) who subsequenrly (Lgzg) grouped rhe specr.es in rhe

Gambusia nobilis species group. subsequent authors have placed G. gaigei
in either the G. nobir.ls or G. senilis group (depending uBon whether G.

senilis and its rel-atives are considered as in a dlstinct group from

G' nobilis)' A11 authors consider G. galgei closely related ro c. senili.s.
The soLe controversy on the distinctions of g. gaigei are based on

the relationships wlth the subsequently named G. hurtadoi and G. alvarezi.
Rosen and Bailey (1963) considered the two chihuahuan species "" ,""-.
synonyms of g. gaigei an acti.on presumably endorsed by Alvarcz (L97o)

who did not l-ist the thro species €rmong the fishes of Mqrico. rn conrrast,
Rlvas (1963) considered the three to represent distinct species, an action
endorsed by Mtller (L977). unpublished.dlscrininatLve test dara at rhe

university of Texas supports species l-evel distinctions among the three
taxa.

BIOLOGY

The biol-ogical' data on Gambusia gaigei is sparse and quj.te uneven. Hubbs

and Broderick (1963) report two broods (from small fenaLes) totaling about
40 young' Fecundity ls undoubtably curvilinearly related with femare

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

as 1' under naturaL condLtlons broods presumably are produced at monthly
intervals untiL female death; but in the present refugla, there is a winter
non-reproduction perlod of 3-5 months. FemaJ-es become sexualJ.y mature at
3 months of age, and continue to grow throughout their rives.
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Peden (L972, 4, b t L973; L975) has shor^m the behavioral repertoire

of male Gambusia gaigei and that males have a posteriorally oriented

copulatory activity. He has also shor^m 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 ur;r."""" ," male and female genitalia and coro-

lated male thrusting with the direction of opening of the femalers

urogenitial- apparatus. tr'Iarburton (1958) showed that G. gai.gei was

unable to compete succesdfullywith G. afflnLs in artificial ponds in

Brownsville, and Hagen (1969) showed that g. gaigei was relatively
tol-erant of heat shock.
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MANAGEMENT PROGMI.{S

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 Ponln a short-term management activity; A Ganbusia pond

Runoff Program; and A Fi.g Bend Gambusia Natural- Habltat Restoration

Program, a l-ong-term management p1an. The short-term program is de-

si-gned to maintain the exlsting 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 Ganbusia

to a sometrhat natural- environment using the present system qrith minor

adaptlons until- such tlme as funds are available and the restoratj.on

activities are conpleted. The long-term program is designed to create

a nelil habitat cl-osely resembling the one in which the specles evolved,

and to provide safeguards against lmpacts.

THE GAII{BUSIA POND

The pond was bull-t ln 1964 to maintain a remnant popul-ation of Gambusi.a

nearby its type locality. The pond was 200 feet long and 50 feer

wide, with a depth of about two feet. water supply is deri.ved from two
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sources ; a minimum amount naturally ent ers

this is supplemented by pumped rrater from

Fall L97 6, supplemental water was manually

sunmer and during the coldest parts of the

the bottom of the pond and

a rrrell at Spring 1. Until

added several times each

winter as needed.
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Due to the Gambusia die-off in the L975-7 6 winter and f ollordup comnuni-

catlons, as diseussed in the background section of this document, the
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Gambusia Pond was rehabilitated so that it would become a more stabl-e

environment less subJect to cllnate and nan caused catastrophies. The

pond was deepened and slightLy enlarged by eJ-evating the overflow, and

a constant water inflow fron Sprl.ng L was installed.

The foll-owirg are nonitoring guidelines for B1g Bend Natlonal park that
w111 provide constant checks of the Gambusia pond system:

RESBONSIBILITY ACT IVITY T II'{E

Resource Manager or 1. Casual examinatlon Monthlylocal Ranger who has of water level and
been orlented on flsh inflow.
species and require-
ments. 2. CarefuL examinatlon Flrst week of

of aquatlc envlron- February, Ivtrarch,
ment to determlne if April, June,
any other flsh species October and
has been lntroduced. December.

Maintenance Foreman 1. Casual examlnatlon Monthly
of water level and
lnf low.

The above actlons shoul-d allevl.ate the col-d nater problen durlng the

winter months and provlde a constant monltoring agaLnet a potentlaL

catastrophy caused by tntroductions of exotlc flsh species into the

system. rt does not elinlnate the actual introduction of exotics.
That problem ls addressed wlthin the Big Bend Gambusia Natural Habitat
Program.

A GAMBUSIA POND RUNOFF PROGRAI{

current runoff from the Gambusla pond is through a pipe on the southern

side of the pond. Excess water spills lnto a nesqul.te bosque between the
pond and roadway and fLows easterry al-ong the roadway for approximately
100 yards before sinklng lnto the soLls. rt seems logical to take advan-

tage of that runoff prl0r to the tine that the l0ng-term progran ie
124
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impl-emented. This prograrn w111 provide (1) an early stream-type system

with mlnimum expenditure, (2) an opportunity to test the effects of

streamflow rdithln the area where Program 3 is planned, and (3) an

opportunity to study the populatlon dynamlcs of Big Bend Ganbusia

i-n a stream environment after years of reproduction i-n ponds

Implementation of the Runoff Program will be undertaken during 1977

in the f o1-lowing steps:

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

as soon as potentiaL fteezes no 1-onger exist, the punp on spring 1

will be turned off. This action will stop the fl-ow Lnto the Gambusia

Pond and consequentl-y the overflow.

B. Just as soon as the area dries, Regi.onal- 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 constructlon of the channel-, water will again be pumped

into the pond and overflow into the stream channel. This flow wiII be

continued for 60 days to permit a natural food supply to develop.

D. Following the 60 day period, cJ-ark Hubbs will exanine the stream

to determine lf sufficient food is avail-able. If the habitat is suitable,

a ntmber (25-50) of Big Bend Ganbusia wiLl be taken from rhe pond and

released in the channel.

E. A monltoring progran will be initlated to deternine 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 ful1_y implemented.
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A BIG BEND GAMBUSIA HABITAT RESTOMTION PROGRAM

The natural habitat of the endangered Big Bend Garnbusia is believed to

be spring heads and the upper reaches of outflow streams, Under these

natural conditlons, the species was able to compete successfully with

Mosquito fish (Ganbusia _af f inis )

situati.on where Mosqulto f ish can

Apparently, the two f orms survi.ved

departure of the Pleistocene until

for his own well being.

It ls only in the artificial pool

and does out compete Big Bend Gambusia

within the same streamcourse f rom the

man manipulated the natural habitat

The concept of habitat restoration is an accepted practice within the

Natlonal Park system (!tunagement pol-icies , Lg?5, rv-17). That policy

is strongly supported by Service obllgations under the Endangered Species

Act of Ig73.

This progran lncludes the restoratlon of a atream flowlng from spring

No. 1 with a flow easterLy toward the Rlo Grande. Big Bend Gambusla

would be lntroduced Lnto this systen. The project entails removal of

the exlsting well house and cap over the sprlng to permit the maximum

sprlng flow. A concealed pump wouLd still be necessary for continuing

the flow to

restorat ion

the

has

Gambusia Pond, Bt least untll such time as the stream

been proven successful.

The watercourse from the restored spring head would be allowed to follow
the historlc 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 snall group

campsite, and rel-ocation of the mai.ntenance yard. The concept proposed

126



herein is the restoration of the entire Berkeley Cottage-Spring 1 area

to the condition that existed when the cottage Idas 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 opportuniti-es of

historic and biological interest. The implemented plan would provide

greater pfotection 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 lnto the systems and provlde additional access

control. The possibil-ity of an eccentric act of rotenoning the lrater 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 i.n New Mexico and Clark Hubbst holdlng 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 loater nark. The stream and its raparian zone must be

entirely free from potential poll-utants such as gasoline, oil, chlorine' etc'
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Water Avail_abiliry

There i-s some question about being able to rejuvenate the flow of Spring

No. 1. Flow records lndicate that Spring No. 1 flowed up ro 200 gallons

a minute before it was capped tn 1957 (Janes chambers, pers. cormn.).

Flow apparently has been severely reduced since. Flow measurements have

been made only twice afterwards;.2-4 gaL/nin was recorded by hydrologist

Ed Leggett (pers. conrn.) in May Lg6L, and, 2-4 gal/min was recorded on

the Natlonal Park Service spring flow schedule report for July 15, Lg66.

Chaurbers believes that the flow was cut off when the well was constructed,

and that the removaL of the well wal1 away fron the hillside would pro-

vide considerably more water than the two recent records suggest. This

opinion ls 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 fal1s below 50 gal/min a supplemental water source

is necessary. The best possible alternative is a srnall spring that exists

below the Berkel-ey Cottage in the floodplain of the Rio Grande. A small

well coul-d be drilled there, a submersible pump installed (to punp more

than 50 gaUnin) and a pi.pe run up the drainage to the spring head.

Although this addition is artlficial in nature, the natural- flow from

spring No. 1 wil"l provide a "buffer" suppry of water shoul_d the punp

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 devel-op specifications of the program

that includes all of the elements below.
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B. Ellmlnate the small group campslte.

c. Relocate the maintenance yard.

D. Remove paved roadway.

E. Dig channel as designed in A.

F. Remove well house over spring 1 and

permit spring to flow into new channel.

Monitor channel frow and progress of food buildup in new stream for
a 60 day perlod.

H. Followlng the 60 day perigd,- Clark Hubbs will_ examine rhe streem

to deternlne if suffLclent food is available. rf the habitat is then

sultabJ-e, a number (100-200) gf Btg Bend Ganbusla will be taken fron :
the pond and released in the channel and/or the runoff channel will be

diverted into the new stream.

r' A monitorlng progran will be inltLated in conJunction wlth guidelines
prepared by Dr. Hubbs. That program wlll- contlnue indefinltely.
J' I{hen lt I's determined that the streem populatign is successful the
runoff channel will be elinlnated r.n a way so that ar-l of the fish are
moved into the atrean.
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APPENDIX G

Annua I Revi ew, Changes and Dates
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ANNUAL REVIEl^l, 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.
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