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The deliberations of the exotic species panel of the Conference on Science in the 
National Parks, 16 July 1986 at Fort Collins, Colorado expand upon the published 
papers and are summarized below. An exotic is defined as any species, subspecies, or 
ecotype that has been able to transgress some natural barrier through the intervention 
of modern technological man. People have been on Earth for thousands of years. The 
difference between the primitive and European technology is like the difference 
between geologic and accelerated erosion. The "disturbances" by people in bringing 
in plants or animals either advertently or inadvertently (as well as starting fires, 
hunting, fishing, etc.) has always taken place. The difference is in the rate and 
intensity. With low populations and low rates of introduction, the biota could 
evolutionarily (genetically) adapt, but under technological man the impact is so great 
that it exceeds the intrinsic ability of the biota to adapt 

No matter how widespread or established an exotic species may be, it should 
never be considered by the National Park Service as naturalized in the sense that it is 
a bona fide part of the biota of a natural area. The presence of exotics results in 
species pollution of the biota. This species pollution results in the loss of biotic 
diversity, a homogenization. Such homogenization is severe in oceanic islands in 
particular and in secondary succession generally. 

Human intervention brings exotics into an area, but a disturbed habitat is one of 
the most common conditions that allows or promotes establishment (ecesis). There 
are, however, different kinds as well as degrees of disturbance. The recognition of 
these as well as their individual effects is the beginning of an understanding of the 
ecology of the exotic and steps that would aid in controlling that exotic. 

The control techniques used will depend upon the circumstances. Poisons are as 
acceptable for vertebrates as they are for invertebrates and plants. Biocontrol 
(biological control) may be the last resort after all else has been tried and failed to 
take the exotic out of dominance. Biocontrol generally increases the species 
pollution by increasing the number of exotic species in the biota. This control 
technique is often carried out on exotics that are widespread and well established and 
appear often to be accompanied by the attitude that the exotic must be considered a 
bona fide part of the natural biota, a naturalized species, because we cannot get rid of 
it under our present knowledge. If biocontrol is used, specialized agents instead of the 
generalized agents that agriculture has used in the past should be used. 

Exotic species management must be based on exotic species ecology rather than 
strictly on strategies and tactics used in agriculture and other consumptive use 
disciplines. Exotic management must focus on the natural restoration of the habitat 
or environment with all other techniques auxiliary to this natural restoration. This 
then is a total vegetation, wildlife, and ecosystem approach and all organisms 
including the smaller invertebrates and micro-organisms must be considered in the 
manipulations, not just the larger plant and animal species. The total biota approach 
also means we must consider what will invade after the target exotic(s) are removed; 
restoration will not necessarily occur automatically. The control technique used may 
influence what organisms replace the target exotics. 
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Exotic species management and its attendant research are expensive and require a 
long-term commitment. Ninety-nine percent complete may not be sufficient. If one 
does not go all the way the problem will reappear and then previous efforts will have 
been wasted. In addition, the disturbance caused by only partially completing the job 
may exacerbate the management at a later date. The present method of trying to 
manage exotics on a project by project basis is totally inadequate and dooms exotic 
management to failure before it begins. 

In accomplishing exotic species management good administrative links are 
absolutely necessary between research and natural resource management. 

The papers that follow are a sample of the work carried on in the National Park 
System and similar reserves. 

LJC. Thomas, Jr., Chairman; Milford R. Fletcher, 
Donald E. Gardner, Robert Gresswell, James Keith, 

William F. Loftus, Lloyd L. Loope 
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Exotic Fishes in the National Park System 

Walter R. Courtenay, Jr.1 

Department of Biological Sciences 
Florida Atlantic University 

Boca Raton, Florida 33431-6498 

The National Park Service (NPS) has been concerned with introductions of exotic 
species in park areas for at least the past 53 years. Such introductions have been 
recognized as potential threats to maintaining areas under NPS jurisdiction as 
undisturbed as possible (Dennis, 1980). 

In 1977, a survey of exotic vertebrates was conducted in 297 NPS units. Included 
in the unpublished results were data listing "exotic" fishes known to be, or suspected 
of being, present, their status (unknown, or populations decreasing, stable, or 
increasing), those included in management plans, and whether or not control 
measures were in effect. Survey results found that most non-native fishes were 
introduced North American species not indigenous to introduction sites (transplants) 
and that 13 species were exotics (those introduced from foreign countries; Shafland 
and Lewis, 1984). 

In 1978, with sponsorship from the U.S. Fish and Wildlife Service, I initiated 
studies on the distribution of exotic fishes in the continental U.S. Those studies 
showed that about 40 exotic fish species had established reproducing populations in 
the 48 contiguous states (Courtenay, 1979a, 1980; Courtenay and Hensley, 1980; 
Courtenay and Taylor, 1984; Courtenay et al. 1984, 1986). Population status for a 
few species has varied. Some were temporal, and periodically there are new finds, 
hence that approximation. Maciolek (1984) recorded 29 exotic fishes as established 
in Hawaii, of which 6 are exclusively marine; 14 are also established in the conti­
nental U.S. Alaska is the only state lacking exotic fishes. 

In conjunction with information from other publications on fish distributions 
(Lee et al., 1980; Hocutt and Wiley, 1986), data from NPS sources (Loftus, 1985, in 
press; Loftus and Kush Ian, in press; W. F. Loftus and L. L. Loope, pers. comm.), 
and recent field studies, I conclude that there are at least 20 species of exotic fishes 
known or reported to be established as reproducing populations in waters within or 
bordering NPS units. 

Established Species 

The most widely established exotic fishes in the National Park System are brown 
trout {Salmo trutta) and common carp (Cyprinus carpio). Brown trout have been 
introduced and stocked by federal and state agencies as sport fish for more than a cen­
tury (MacCrimmon and Marshall, 1968; MacCrimmon et al., 1970; Courtenay and 
Taylor, 1984). Carp have also become established in many suitable NPS waters, 
mostly due to range expansions from introductions started in the latter part of the 
1800s under the auspices of the federal government. 

1 During the 1986-87 academic year, the author is on sabbatical leave as Maytag 
Distinguished Visiting Professor, Department of Zoology, Arizona State 
University, Tempe, Arizona 85287. 
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The goldfish (Carassius auratus) was listed as present in three NPS units in the 
1977 survey; establishment, as increasing or stable populations, was indicated for 
two sites (Golden Gate and Lake Mead National Recreational Areas). At one of those 
localities (Rogers Spring, Lake Mead National Recreation Area), however, there was 
no evidence of establishment (Courtenay and Deacon, 1983). This species is almost 
certainly established within the Coulee Dam National Recreational Area. Release of 
goldfish as discarded bait fish was the probable route of intro duction (Courtenay et 
al. 1984). Tench {Tinea tinea) also are reported as established in the middle and upper 
Columbia River (McPhail and Lindsey, 1986). It is possible that some reports of 
goldfish from Coulee Dam National Recreational Area were based on misidenti-
fications of tench. 

The remaining established inland exotic fish species are restricted to warm waters. 
Two species are established in an area subject to severely cold winter temperatures 
and depend on thermal springs for their continued existence. The others are present in 
the two NPS units containing the greatest number of established exotic fishes, 
Everglades National Park and Big Cypress National Preserve, and in units in Hawaii, 
Nevada, and southern Texas. 

Walking catfish {Clarias batrachus) became established in Everglades National 
Park and adjoining Big Cypress National Preserve in the mid-1970s (Courtenay et 
al., 1974; Courtenay, 1979b). Fortunately, it has not created the negative impacts on 
native freshwater fishes that some predicted shortly following its release in southern 
Florida. Two specimens were collected from Rogers Spring, Lake Mead National 
Recreation Area (Courtenay and Deacon, 1983). 

Two species of exotic, tropical livebearing fishes are estab lished in Grand Teton 
National Park. Baxter and Simon (1970) reported an established population of guppy 
(Poecilia reticulata) from Kelly Warm Spring. In 1984, I found green swordtails 
(Xiph ophorus helleri) also established at that site (Courtenay et al., 1986). Some 
cichlid fishes were reported to have been released in the spring (P. S. Hayden, pers. 
comm.), but none were collected or observed in 1984 or 1985. Guppies are also 
established in Rogers Spring, Lake Mead National Recreation Area (Courtenay and 
Deacon, 1982, 1983). 

A reproducing population of the shortfin molly {Poecilia mexicana) is present in 
Rogers Spring, Lake Mead National Recre ation Area (Courtenay and Deacon, 1983). 
It is also reported as established in Pu'uhonua o Honaunau (City of Refuge) National 
Historical Park (J. A. Maciolek, pers. comm.). 

Seven cichlid species are established in NPS waters, five of them in southern 
Florida. All provide their young with parental care, protecting them from predators, a 
behavioral trait that gives them a "competitive edge" over most native fishes. 

The oscar {Astronotus ocellatus), introduced into canals in Dade County, Florida, 
in the late 1950s, has recently entered and established in Everglades National Park 
(W. F. Loftus and C. R. Robins, pers. comm.). The primary route of entry into the 
Park appears to have been Southeast Florida Water Management District Canal 
L31W (W. F. Loftus and P. L. Shafland, pers. comm.). 

Kushlan (1972) first recorded the black acara {Cichlasoma bimaculatum) from Big 
Cypress National Preserve. It subsequently entered Everglades National Park (Loftus 
and Kushlan, in press). On occasion, it has been reported as locally dominant in 
canals in and adjacent to the Preserve. Spawning by this and many other cichlids has 
been observed during every month in southeastern Florida. 

The convict cichlid {Cichlasoma nigrofasciatum) is established in Rogers Spring, 

4 The Zl. S- 9{ationaC Tark^Scrvice <? The George Wright Society 



Lake Mead National Recreation Area (Courtenay and Deacon, 1983). 
A colonizer from an unknown source of introduction, the Mayan cichlid 

{Cichlasoma urophthalmus) has recently established in extreme southeastern 
Everglades National Park in two areas in the Taylor Slough drainage area (Loftus, 
1985, and in press). 

The blue tilapia (Tilapia aurea) entered Everglades National Park following the 
closing of an aquaculture facility located just east of the Park entrance (Loftus and 
Kushlan, in press). This species has increased its range and numbers of individuals in 
the Park in recent years (D. F. Austin and C. R. Robins, pers. comm.). It is also 
established in the Amistad National Recre ational Area (Courtenay et al., 1984). 

The spotted tilapia {Tilapia mariae) has recently become established in Everglades 
National Park and Big Cypress National Preserve (W. F. Loftus, pers. comm.). In 
some canals in south eastern Dade County, Florida, east of the Park, it is the dom­
inant species. My field assistants have observed and collected this fish in brackish 
water draining into Biscayne Bay, and we believe it has the capability to expand its 
range through low salinity waters. This species is also established in Rogers Spring, 
Lake Mead National Recreation Area (Courtenay and Deacon, 1982, 1983). 

The Mozambique tilapia {Tilapia mossatnbica) is reported as established in 
Pu'uhonua o Honaunau National Historical Park (J. A. Maciolek, pers. comm.). 

Six exotic marine fishes are established in Hawaiian waters which border NPS 
units (Maciolek, 1984). They are the goldspot herring {Herklotsichthys quadri-
maculatus, Marquesan sardine {Sardinella marquesensis), roi {Cephalopholis 
guttatus), blacktail snapper {Lutjanus fulvus), bluestriped snapper {Lutjanus 
kasmira), and Marquesan mullet {Chelon engeli). 

Exotic Fishes in Waters Adjacent to NPS Areas 

Other exotic fishes are established in waters where range expansions over 
relatively short distances could result in inva sion of NPS units. Several species, 
including radiated ptero {Pterygoplichthys multiradiatus), pike killifish {Belonesox 
belizanus), jewelfish {Hemichromis bimaculatus), and Mozambique tilapia, occupy 
some canal systems in eastern Dade County, Florida, and may eventually enter 
Everglades National Park. The Mozambique tilapia is established with the blackchin 
tilapia {Tilapia melanotherori) in portions of the Indian and Banana rivers, estuarine 
habitats to the south and west of Cape Canaveral, Florida. Blackchin tilapias were 
collected in brackish water during winter 1985-86 within 30 km of the southern 
boundary of Canaveral National Seashore (R. E. Smith, pers. comm.) and in full 
strength sea water in Port Canaveral in January or February 1986 (F. N. Snelson, 
pers. comm.). Unconfirmed reports from commercial fishermen indicated this species 
as present in 1985 in Indian River Lagoon, bordering Canaveral National Seashore, 
near Oak Hill, Florida (D. P. Jennings, pers. comm.). I predict that this species will 
enter and thrive in Mosquito Lagoon, within the Canaveral National Seashore, in the 
next few years. 

Man has played a role in introductions of tropical species into thermal springs and 
their outflows within NPS units. Rogers Spring, in the Lake Mead National 
Recreational Area, is a dramatic example of what can happen from such 
introductions. In 1982, Rogers Spring contained four established exotics (shortfin 
mollies, guppies, convict cichlids, and spotted tilapia; Courtenay and Deacon, 1983). 
Since then, seven additional alien species with potential to establish have been 
introduced there. All were fishes popular in the aquarium fish trade and hobby. 
Rogers Spring drains into Lake Mead, providing these exotics with a direct route 
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into that reservoir. Although most would not survive in Lake Mead, the spring could 
serve as a source of introduction for species with broader thermal tolerances. This 
spring also may have been the source for introductions of shortfin mollies and 
convict cichlids elsewhere in Nevada (Deacon et al., 1964; Courtenay and Deacon, 
1983). 

Proximity of thermal spring habitats to roads seems to be a more important factor 
than does distance from the nearest community in this type of introduction. Exotic 
fishes with a history of having been moved to thermal springs in relatively remote 
locations in western states are the shortfin molly, guppy, and convict cichlid. These 
three exotic fishes have been implicated in the decline and extirpation of certain 
endangered and threatened native fishes in parts of the southwest (Courtenay and 
Deacon, 1982, 1983; Courtenay et al., 1985). NPS units with thermal springs 
should be on the alert for the same or similar introductions. 

Reasons for Concern 

Exotic fishes have been released into open waters from a variety of sources and 
often on purpose. These factors were reviewed by Courtenay and Taylor (1986) and 
Kohler and Courtenay (1986a). Any introduction will result in some change in the 
physical or biological structure of the receiving system, and these changes may range 
from imperceptible to major. Courtenay (1979b) noted that several decades may pass 
following an introduction before major impacts are manifested. 

Introduced aquatic organisms are not as easily detected as are terrestrial species. 
Some may be present for years before they are found and recorded, and negative 
impacts to native biota and habitat may have occurred during that period. Moreover, 
they are usually impossible to eradicate once they become established and begin 
expanding their ranges. They cannot be eliminated by shooting as can many birds or 
mammals, and the extent to which poisons would have to be used in control or 
eradication efforts would typically result in substantial damage to native species. 
Biological controls for these or other unwanted organisms are often non-selective and 
sometimes actually or potentially damaging themselves. Unlike chemical or thermal 
pollutants, one simply cannot "turn off unwanted, reproducing exotic aquatic organ 
isms. 

Taylor et al. (1984) and Kohler and Courtenay (1986b) reviewed the impacts on 
aquatic communities receiving introductions. Impacts can include habitat, trophic, 
and spatial alterations. Some introductions have the potential to bring about 
deterioration of gene pools of native species through hybridization (often the case 
with transplants and sometimes with inter-continentally transferred exotics). Others 
may introduce diseases via bacterial, viral, or parasite vectors. Nevertheless, these 
reasons for concern have often been ignored or overlooked when a species was being 
introduced for some specific target purpose, and especially where escapes from 
culture facilities or releases by hobbyists are concerned. The expected growth of 
aquaculture in the U.S. may involve a number of exotic fishes, and escapes from 
culture facilities are almost certain (Shelton and Smitherman, 1984); Everglades 
National Park has been the recipient of one such escape (Loftus and Kushlan, in 
press). 

Courtenay (1979a,b), Courtenay and Taylor (1984, 1986), and Kohler and 
Courtenay (1986b) emphasized that impacts are the direct result of interactions 
between introduced species and the receiving community, and not necessarily on the 
origin of the introduced form. Therefore, transplants carry the same, and in some 
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cases greater, risks than introducdons of exotics. 
Courtenay and Taylor (1984) reported that at least 168 species of fishes native to 

the continental United States have been transplanted beyond their natural ranges. 
Most were released as game fishes or as discarded bait. Because most game species 
are predators, they possess potential for directly impacting other fishes. Some bait 
species may hybridize with congeners in their new habitats, diludng gene pools, or 
may undergo such population growth that they adversely impact spatial and trophic 
requirements and behavioral patterns of native fishes. The 1977 NPS survey of 
introduced vertebrates provided records for 52 transplanted fishes. Because the survey 
was based in part on dated reports and was not a detailed ichthyological species 
census, that number is probably somewhat conservative. 

Introductions are an important tool in resource management but one that has not 
been free from misuse and mistakes. Aquatic resource managers often have initiated 
and conducted fish introductions, and stocking programs are part of their jobs in 
most states. Introductions of fishes within a few NPS units have provided sport 
fisheries in formerly Ashless lakes and streams, but not without alterations of native 
invertebrate populations in some instances (R. E. Gresswell, pers. comm.). 
Releases of non-native fishes in some Parks has resulted in hybridization, popu­
lation reductions, and local extirpation of indigenous fishes (Schullery, 1979; 
Varley, 1983; Gresswell, 1986). Other introductions, however, usually in state 
waters, have been used as potential solutions to resource mismanagement, and 
sometimes as attempts to correct perturbations created by previously introduced 
exotics. The "quick cure" approach is one that usually appeals to the non-biologist 
layman and politician. Unfortunately, this frequently places the resource manager in 
a "no win" situation in which he is forced into introducing something that may have 
long-term consequences. While initial costs of using introductions to control a 
problem may be low, the long-term costs may be extremely high (Courtenay, 
1979b). Also unfortunately, such introductions can affect NPS resources. 

Implications for Management 

NPS biologists and managers are in the position of being able to use 
introductions only where this technique has been used historically (Dennis, 1980). 
They are, however, generally prohibited from other releases and are charged with 
eliminating or controlling real or potentially damaging introductions. This is 
responsible management of these resources, consistent with the rationale for having 
a National Park System. Nevertheless, introductions by individuals or state agencies 
into areas adjacent to NPS units is usually beyond NPS control but may become 
their problem. At present, the NPS appears to have little if any voice regarding 
extra-agency introductions, an unfortunate position considering the agency's assigned 
mission. 

How can the NPS deal with this situation without violating what some consider 
individual and states' rights? While the actions of individuals are difficult, if not 
impossible, to prevent or correct, perhaps the extra-agency aspect can be dealt with 
best through action by the practicing professionals, the biologists and managers. 

In September 1986, the Executive Committee of the American Fisheries Society 
(AFS) will consider adoption of a position statement designed to reduce the risks of 
future introductions (Kohler and Courtenay, 1986b). The proposed statement is based 
on one deal ing with exotics adopted by AFS in 1972 but recognizes the dangers of 
treating transplants as innocuous. Adoption by a professional society is one thing; 
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adoption and adherence by state and federal resource agencies which are responsible 
for introductions is another. Such compliance, however, could significantly reduce 
political and other outside interference from matters that belong in the realm of 
biologists. NPS biologists and managers have a moral and professional 
responsibility to be heard in matters involving introductions that can affect NPS 
units and should be active participants in both the review and decision procedures. 

National Park Service resource managers are continuously faced with the major 
problems of managing systems in a manner as nearly natural or undisturbed as 
possible. Their task is complicated by increased use of units by the public and often 
by conflicting views of special interest groups. With respect to established exotic 
and transplanted fishes, managers must recognize that eradication is virtually 
impossible and control programs are prohibitively expensive in fiscal and biological 
costs. Therefore, the desire to recreate what once was is usually an illusion. 
Management plans must reflect that established fishes are there, typically with 
staying qualities, and attempt to concentrate on managing with introduced fishes. 
Nevertheless, and in concert with NPS directives, where introductions are isolated 
within units but with a potential to escape and spread, or be disseminated elsewhere 
by man, eradication should be attempted. This is particularly true of new intro­
ductions which often remain isolated for relatively short periods prior to population 
growth and expansion. Mitigation efforts will work only in areas where one can be 
certain the introduced species cannot spread on its own or by subsequent introduc­
tions. 

Finally, although there are many exceptions, introduced fishes, particularly 
exotics, appear to fare best in disturbed habitats. This is another compelling reason 
to keep disturbances to a minimum and to maintain the environmental health and 
natural diversity within NPS units. This requires a greatly expanded knowledge and 
understanding of ecological interactions within the aquatic resources of the units 
upon which to base management. 
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African Oryx (Oryx gazella) at White Sands National 
Monument 

Milford R. Fletcher and Michael C. Warren 

Division of Natural Resources Management, National Park Service 
Southwest Regional Office 

P.O. Box 728, Santa Fe, New Mexico 87504-0728 

Abstract 

Approximately 75 African oryx (Oryx gazella) are present on White Sands 
National Monument in New Mexico and the population is growing at 20% per year. 
The National Park Service policy on exotic organisms is to prevent their access to 
park lands and remove them whenever feasible. Slighdy over 19 miles of Oryx-proof 
fence has been constructed on the south and west sides of the Monument at a cost of 
nearly $400,000. Efforts to remove the Oryx from the Monument have met with 
limited success but the fence, where constructed, appears to be effective in excluding 
the oryx. 

• 

Over the last decade, problems caused by exotic plants and animals have been 
identified in numerous units of the National Park Service (NPS). Feral pigs, for 
example, have damaged plant life at Great Smoky Mountains National Park, Hawaii 
Volcanos National Park, and Big Thicket National Preserve, and feral goats are 
destroying native vegetation and habitat at Hawaii Volcanos as well. Feral horses and 
their environmental impacts on vegetation are discussed in management plans at 
Assatigue Island National Seashore and Dinasour National Monument. Feral burros 
have been identified as causing water pollution, soil erosion, and competition with 
native animals at Bandelier National Monument, Death Valley National Monument, 
and Grand Canyon National Park. 

At great expense, plans for their removal have been implemented at these NPS 
units. Although these animals are all, by definition, exotic, they are also defined as 
feral, which means animals that have escaped from domestication. In New Mexico, 
four exotic species, none of which were domesticated animals, have been released and 
now constitute huntable populations. These exotics are Barbary sheep (Ammotragus 
lervia), two species of ibex (Capra spp) and the oryx (Oryx gazella). Another, the 
Greater Kudu (Tragelaphus capensis), has been proposed for release in the State of 
New Mexico. The purpose of these introductions is still debatable—ostensibly, the 
reason was to provide huntable populations of the animals for area sportsmen. 
Behind this stated purpose was a rationale that is best described in the book 
"Pleistocene Extinctions," where it is claimed that a large number of ungulates, 
including the donkey, horse, camel, ground sloth, and other genera of large animals 
that lived in the southwest, became extinct about 10,000 years ago (Martin, 1967). 
Martin argues that these extinctions were brought about by primitive human hunters 
who found naive prey after entering North America across the Bering Straits. Martin 
and his supporters insist that, with the demise of many large ungulates, an ecological 
"vacancy" has existed in the southwest for many centuries and the introduction of 
these species was meant to fill that vacancy. 

During the late 1960s and the early 1970s, the New Mexico Department of Game 
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and Fish began a program of introducing exotics to provide huntable populations of 
several of these non-native animals. There were 93 oryx released between 1969 and 
1973 on land managed by the U.S. Army, White Sands Missile Range and Holloman 
Air Force Base—lands that completely surround White Sands National Monument. 
Through the years, oryx have extended their range throughout the Tularosa Basin, 
including White Sands National Monument. 

Idendfied as a potential competitor for native vegetation as early as 1973 in the 
Resources Management Plan for White Sands National Monument, a modest research 
project provided data indicating that there were somewhere between 50 and 100 oryx 
on the west and southern portion of the Monument, their range was increasing, and 
population expanding by at least 20% a year (Reid, 1980). Since the NPS policy is 
clearly defined regarding exotics, steps were taken to include the management of oryx 
in NPS management projects, which included funding to fence the southern and 
western boundaries of the Monument. New Mexico state law requires landowners to 
"fence out" livestock so the burden of cost for the fence lies with the NPS. Over a 2 
year period, approximately 19 miles of fence was built at a cost of over $400,000. 
The fence, an 11-strand smooth wire design, was designed by Regional staff for the 
specific purpose of excluding oryx. These are the largest of the African antelope 
with weights at maturity of up to 440 pounds and horn lengths excessive of 50 
inches. On May 25, 1985, NPS staff and observers from the New Mexico 
Department of Game and Fish and the White Sands Missile Range met to census and 
remove oryx. In 6.4 hours of helicopter time, 18 animals were driven from the park. 
The fence had been completed on the southern end of the Monument some 2 weeks 
previously, and aerial observations showed that a herd of 48 animals, normally found 
within the Monument, had fortuitously been outside the Monument when the fence 
was completed. 

Approximately 30% of the animals removed from the Monument were juveniles, 
which indicates a rapidly growing population (Fletcher, 1986). Management is 
difficult because the south, north, and west sides of the Monument are managed by 
the U.S. Army and our neighbor on the east side is Holloman Air Force Base. Aerial 
activities must be coordinated well in advance and are limited to a few hours each day 
because of the Missile testing activities and strategic weapons development on 
adjacent lands. 

The north side of the Monument remains unfenced, and how far these animals 
will move to circumvent the fence is uncertain. The existing fence, however, appears 
to be successful in preventing oryx from returning to the Monument. The fence was 
constructed with treated wooden posts driven at either 16 or 20 foot intervals. Metal 
posts rapidly deteriorate in the calcium sulfate soils of the Monument. Wire strand 
numbers can be adjusted vertically to meet the particular need [we, for example, put 
the first wire 14" above the ground to allow American antelope (Antilocapra 
americana) to pass under the fence] and are then stretched to high tension every 1000 
feet or so on a spring-loaded system. When completed, the smooth wires are stretched 
to 250 pounds per square inch. This allows the wires to stretch against a spring and 
not break when hit or pushed on. One of the authors has hit the fence at a dead run 
and been bounced back as though hitting a trampoline. Other wildlife have shown the 
same reaction. We feel this type of fence may have applicability in other NPS areas 
and the cost ($3.50 per linear foot) is comparable with other high quality fencing. 
Details of fence materials and construction can be obtained from the Division of 
Natural Resources Management, P.O. Box 728, Santa Fe, New Mexico 87504-0728. 

The estimated population of oryx in the Tularosa Basin is approximately 1,000 
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