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Abstract.  Artificial night lighting is one of the least studied outcomes of urbanization. While the effects of night
lighting on mammals and their habitats seem obvious, they remain difficult to quantify. By reviewing laboratory
and field studies conducted on mammals since 1943, this paper summarizes the most salient effects of artificial
night lighting on activity patterns and behavior. These studies assist us in generating hypotheses regarding the
effects of lights, erected across the militarized U.S.-Mexico border, on the endangered Ocelot and its nocturnal
prey. We predict that activity patterns for Ocelots and their nocturnal prey would be altered under artificial night
lighting conditions. Specifically, evening activity levels would either be reduced or redirected towards areas with
dense vegetation. In addition, Ocelot foraging success would likely be altered as a result of turning night into day.
Recommendations are made for Ocelot recovery and future research on surrogate species.
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Introduction

Strayhorn (2002) estimates that 16 counties in Texas, stretching from Del Rio to Brownsville,
will comprise the fastest growing economic region of the state between 2000 and 2005. This
region also provides habitat for the remaining populations of endangered Ocelots (Leop-
ardus pardalis) in the U.S. These nocturnal predators once occupied Arkansas, Louisiana,
Arizona and Texas, but are now found only in south Texas (Tewes and Everett, 1986).
Current ocelot habitat along the Rio Grande River is bordered on the south by urbanization
and on the north by physical barriers used to deter the flow of illegal aliens and contraband
from Mexico into the U.S.

Ocelots were listed as an endangered species in 1982 (U.S. Fish and Wildlife Service,
1982), and their decline can be attributed to habitat alteration (U.S Fish and Wildlife Service,
1990). In south Texas, approximately 60 ocelots inhabit Laguna Atascosa National Wildlife
Refuge (LANWR; Laack, 1991). Adjacent to the refuge is the Lower Rio Grande Valley
National Wildlife Refuge (LRGVNWR). The Rio Grande River, which borders LRGVNWR
to the south, lies between the refuge and northern Mexico. Protected refuge tracts are
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interspersed with non-protected corridors. These corridors are not always vegetated, thereby
reducing movement opportunities for Ocelots between protected areas.

Despite protection afforded to Ocelots by the refuges of south Texas, artificial night
lighting along the Rio Grande River may be reducing the availability of Ocelot prey and
restricting movements of Ocelots themselves. Successful recovery of Ocelots in Texas will
require an understanding of the impacts of artificial night lighting on the distribution and
abundance of both Ocelots and their prey. This paper summarizes laboratory and field studies
conducted on mammals since 1943 that have assessed the effects of artificial lighting on
activity patterns and behavior. These results elucidate the potential impacts of artificial night
lighting on both Ocelots and their prey.

Operation Rio Grande

The Rio Grande River and the international border are patrolled by the Immigration and
Naturalization Service’s (INS) Border Patrol (BP). The role of BP is to prevent the flow of
illegal aliens and contraband into the United States (Bureau of Citizenship and Immigration
Services, 2002). “Operation Rio Grande” is a BP operation that covers 17,000 mi> of
southeast Texas (Bureau of Citizenship and Immigration Services, 2002).

In order to patrol the border most efficiently, vegetation is burned and mowed along the
U.S. border, fences are installed, parallel roads are built, and hundreds of permanent and
portable lights are erected adjacent to the river (U.S. Fish and Wildlife Service, 2002).
These activities have the potential to create a conflict in land use between the refuge, whose
mission is to restore and acquire habitat for wildlife adjacent to the river, and the INS, whose
duty is to detect illegal aliens entering the United States. Currently there are approximately
186 diesel powered portable lights and 235 permanent lights running 52.4 miles along the
U.S. border of the Rio Grande River (U.S. Fish and Wildlife Service, 2002).

In an attempt to curtail the activities of Operation Rio Grande, in 1999 plaintiffs filed
suit against the INS. As part of their suit, the plaintiffs claimed that artificial night lighting
has an impact on nocturnal species, such as the endangered Ocelot. While it was known
that Ocelots are primarily crepuscular/nocturnal (Konecny, 1989; Laack, 1991; Tewes and
Shindle, 1997), there were no data to indicate the effects of artificial night lighting on
hunting, foraging and dispersal success of Ocelots. Because of this shortcoming, plaintiffs
received less from their settlement then they had originally intended. What was clearly
needed at the time was a quantitative study on the effects of artificial night lighting on
Ocelots. However, problems with initiating such a study were manifold, including the small
population size of Ocelots, problems tracking Ocelot movement, and the need to collect
long-term data (U.S. Fish and Wildlife Service, 2002). Indeed, a study on Ocelots was
initiated in December of 1999 to investigate these issues, but was terminated in January
2001 because of poor statistical power resulting from low sample size (U.S. Fish and Wildlife
Service, 2002).

Additionally, no studies have been conducted on the effects of artificial night lighting
on Ocelot prey. Ocelots feed on a wide variety of prey but small mammals make up a
large proportion of their diet (Bisbal, 1986; Tewes et al., 1997; De Villa Meza et al.,
2002). Eleven nocturnal rodent species inhabit the area where Operation Rio Grande has
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been implemented (Davis and Schmidly, 1997). At least two of these eleven nocturnal
species and one diurnal species are known prey of Ocelots (Tewes et al., 1997). Laboratory
experiments have demonstrated that artificial night lighting alters rodent activity patterns
(Blair, 1943; Kavanau, 1968; Kavanau and Rischer, 1968; Kavanau and Havenhill, 1976).

Although it has been difficult to quantify the effects of artificial night lighting on Texas
Ocelots and their nocturnal rodent prey, it would be useful to develop hypotheses and
generate predictions about the negative impacts of artificial night lighting on these species.
Therefore, by understanding the effects of artificial night lighting on closely related species,
previous studies can aid in the generation of hypotheses regarding the impact of artificial
night lighting on Ocelots and their prey along the U.S.-Mexican border in southeast Texas.

Natural and artificial light experiments

Table 1 summarizes lighting studies conducted on mammals since 1943. Three studies
summarized in Table 1 are relevant to Ocelot prey—nocturnal rodents either found in
Ocelot habitat and/or in Ocelot scat in south Texas.

Sunlight and moonlight greatly influence activity levels of nocturnal rodents (O’Farrell,
1974; Brusseo and Barry Jr., 1995). In the wild, nocturnal rodent activity can decrease
due to increasing illumination of moonlight (Lockard and Owings, 1974; Kaufman and
Kaufman, 1983; Price et al., 1984). Nocturnal rodents exposed to natural light in laboratory
experiments shifted activity from open areas to cover as the light level of moonlight increased
(Wolfe and Summerlin, 1989).

Laboratory experiments have been conducted to determine the influence of light level
on activity of nocturnal rodents (Blair, 1943; Kavanau, 1968; Kavanau and Rischer, 1968;
Kavanau and Havenhill, 1976; Clark, 1983). These experiments fall into two categories:
manipulative or volitional light level experiments.

Manipulative light-level experiments permitted researchers to control the level of illumi-
nation, duration at each level, and the length of each light cycle (Blair, 1943; Kavanau and
Rischer, 1968; Clarke, 1983). Volitional light-level experiments allowed rodents to incre-
mentally change the level of illumination by stepping on micro switches inside enclosures
(Kavanau and Havenhill, 1976).

Results from both manipulative and volitional light level experiments on rodents indicate
that the optimum light level for maximum activity found in the laboratory nearly coincided
with periods of peak activity for the same species in the wild (Blair, 1943; Kavanau and
Havenhill, 1976). When luminance exceeded the average luminance of the full moon, rodent
activity ceased (Blair, 1943).

Therefore, laboratory experiments indicate that artificial lighting can alter rodent activity
patterns substantially. Artificial sunrise and sunset were cues for the onset or cessation of ro-
dent activity (Kavanau, 1968; Kavanau and Rischer, 1968). While nocturnal and crepuscular
rodents decreased activity as light level increased (Blair, 1943; Kavanau, 1968; Kavanau
and Havenhill, 1976), a sudden onset of bright light caused bursts of activity (Kavanau,
1968).

Kavanau and Havenhill (1976) also monitored activity levels of both rodents and car-
nivores over 24-hour periods and they concluded that activity levels of carnivores do not
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change like those of rodents—which show a sharp and consistent dependency on luminance.
In a field study that investigated the effects of the moon’s luminance on Ocelot movement
and their primary prey, spiny rats (Proechimys: Rodentia, Echimyidae) in Peru, Emmons
(1989) recorded tracks of each species along roadside trails and radio-collared individuals
of each species. The results for each species indicate that their activity levels were not
influenced by the moon’s luminance, however, they were changing their behavior so as to
be hidden from view on trails during bright nights. Therefore, ample cover that essentially
shields nightlight was critical during full moon periods.

Similarly, radio-collared mountain lions (Puma concolor) in California usually
avoid habitat corridors that contain artificial lights (Beier, 1995). During overnight mon-
itoring, mountain lions made consistent movements in the direction of the darkest hori-
zon. Dispersers especially avoided night-lights in conjunction with open terrain (Beier,
1995).

In summary, these studies share a common conclusion about the effects of night lighting
on nocturnal and crepuscular species: activity levels either cease entirely as the result of
night luminance or shift to covered habitat that provides a shield from the effects of night
lighting. Hypotheses based on these conclusions would predict that activity patterns for
Ocelots and their nocturnal prey would be altered under artificial night lighting conditions.
These animals would be expected to either reduce evening activity levels or redirect their
evening activity towards areas with dense vegetation. Although we currently do not know
the effect of night lighting on ocelot foraging success, it is likely that this too would be
altered as a result of turning night into day.

Effects of artificial night lighting on ocelots in Texas

Indeed, ocelots in south Texas are most active during 2000 to 0500 hours. They live al-
most exclusively in thorn forest communities, which are characterized by an extremely
dense woody under story (Laack, 1991). During dispersal, Laack (1991) observed Ocelot
movement in forest corridors rather than in open habitat—even if forest routes added con-
siderable distance to their final destinations. Shindle (1995) hypothesized that thorn forest
communities provide both structural cover and low-light environments for ocelots.

At present, approximately 186 portable lights and 235 permanent lights are operat-
ing along 52.4 miles of the Rio Grande River due to Operation Rio Grande (U.S. Fish
and Wildlife Service, 2002). These lights are dispersed amongst protected brush tracts of
LRGNWR. Each light uses 1—4 bulbs ranging from 400—1000 watts (U.S. Fish and Wildlife
Service, 2002). Both Ocelots and their prey would need to travel across open, lighted areas
to move between protected areas of LRGNWE. If activity patterns of Ocelots are similar to
the activity patterns of their nocturnal prey species, as has been suggested (Emmons, 1987;
Emmons et al., 1989), their movement will either cease or be redirected towards covered
areas (i.e. areas with vegetative density) during nights of high luminance. Illumination and
noise generated from diesel powered portable lights may in fact cause Ocelots to seek other
travel corridors, however limited these are. Portable lighting is found along approximately
31.6 miles of the Rio Grande River and more portable lights may be added in the future
(U.S. Fish and Wildlife Service, 2002).
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The Texas Ocelot population may be further hindered by a reduction in the number of
Ocelots emigrating from Mexico. Ocelots from Mexico have crossed the Rio Grande River
and entered the United States (U.S. Fish and Wildlife Service, 2002). However, illumination
and noise from permanent and portable lights may deter Ocelots in Mexico from crossing
the Rio Grande River (U.S. Fish and Wildlife Service, 2002).

Despite commendable efforts on the part of LRGNWR, protected habitats separated by
areas with little cover from artificial night lighting may be of little use for nocturnal species.
Possible alteration of rodent activity patterns and/or reduction in the availability of rodents
due to artificial night lighting may be hindering the recovery of Ocelots in Texas. To improve
this condition, corridors located between refuge tracks should either contain no artificial
night lighting or provide animals with enough habitat cover such that little to no light can
penetrate, and movement between protected refuge tracks can occur.

Discussion

The main threat to the survival of the Ocelot in the United States is habitat alteration (U.S Fish
and Wildlife Service, 1990), yet Critical Habitat, that which is essential for conservation
of the species, has not been designated. Critical Habitat has not been designated because
poachers may learn of the exact locations of ocelots plus habitat is already protected on the
LANWR (U.S. Fish and Wildlife Service, 1982).

The lack of designated Critical Habitat has created a paradoxical Ocelot management
strategy along the Rio Grande River. Habitat alteration due to Operation Rio Grande is not
expected to jeopardize the existence of Ocelots along the Rio Grande River because no
Critical Habitat has been designated for the species (U.S. Fish and Wildlife Service, 2002).

Critical Habitat for Ocelots must be designated in Texas. Once designated, this habitat
would be protected and enhanced to promote continued use by Ocelots (U.S. Fish and
Wildlife Service, 1990). Designating Ocelot Critical Habitat will require a greater under-
standing of the associations between predator and prey species (U.S. Fish and Wildlife
Service, 1990) and how factors such as artificial night lighting might affect movement
patterns of Ocelots and their prey.

By reviewing previous studies, it is possible to generate hypotheses about the effects of
night lighting on nocturnal and crepuscular species, such as the Ocelot and their rodent prey.
Activity patterns of both will undoubtedly be altered, either ceasing entirely or shifting to
other protected habitats that shield the effects of artificial night lighting.

Ocelot Critical Habitat designation in the Lower Rio Grande Valley should provide ample
cover for Ocelots and their prey in protected areas and in non-protected corridor areas that
connect protected refuge tracks. Doing so will provide nocturnal species with movement
opportunities associated with foraging, mating, rearing of young, and dispersal.

Future directions

While ocelots in Texas are endangered species and difficult to study, the hypotheses we
generated could be tested on surrogate species, such as bobcats (Lynx rufus) or feral cats
(Felis catus), and nocturnal prey species that inhabit the international border. Future studies
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could include experiments with night-lights by placing them around the periphery of refuge
tracts. These studies could document whether refuge tracts are used more and whether
movement between refuge tracts is reduced during evenings when artificial night lighting
occurs. A crucial aspect of this research could include information on intensity of light—
specifically, whether there is a threshold of night lighting beyond which activity patterns
change. Is all night lighting detrimental, per se, or just certain intensities of it? In addition,
foraging studies should be initiated on surrogate species. By quantifying activity, one could
hypothesize if feral cats, for example, have reduced levels of foraging success when artificial
night lighting occurs.
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