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HIGH FOAL MORTALITY LIMITS GROWTH OF A
DESERT FERAL HORSE POPULATION IN NEVADA
Paul D. Greger 1 and Evan M. Romney2
ABSTHACr.-A population of feral hOfses (Equ'W;' cabaI.lu,',,) in the southern Great Basin Df'~<;ert of Nevada was monitored
from 1989 to 1998 to determine size, distribution, and population trends. All individual horses observed in the population were identified by unique markings during tbe first 2. yr of study, and most fmimals could be observed annually.
During this study no new horses were identiflcd in the population, indicating that no immigration occurred from outside populations. The population reached a high of65 horses yearling or older in 1992 and declined each year thereafter,
reaching a low of 36 horses in i998. Estimated foal survival averaged <12% over 8 yr. Only 11 horses were recruited
into the populati(ill us yearlings Of older animals during the study. MounL'1in lion predation is hypothesized as 11 major
factor Jitniting growth of this feral horse population,

Key words: fend horse, Equus caballus,foal survival, finite mte ofiru;rease, southern Neoada, Great Basin Desert

During the past 2 decades or more, populations of h'ral horses (Equus caballus) have
shown dramatic increases at many locations in
western United Statcs, neccssitating costly removal and adoption programs (Eagle et al.
1992, Garrott et al. 1992). A small herd of feral
horses was known to persist at the Nevada
Test Site (NTS) prior to its inception as a nuclear weapons testing facility in 1951, although
a census was never performed. The U.S. Department of Energy (DOE) iniUated a longterm horse monitoring program at NTS in
1989. 111is study was initiated to monitor potential increa<.;cs in the horse population and evaluate the need for control (i.e., removals). In
this paper we report findings of distribution,
abundance, band structure, sex ratio, foal survival, 'md population growth rate of the NTS
feral horse population from 1989 to 1998.
STUDY AREA

NTS, a large (3500-km2 ) facility operated
by DOE, is approximately 100 km northwest
of Las Vegas, Nevada, and was used primarily
for nuclear weapons testing from 1951 through
1992. All uuclear weapons tests conducted at
NTS were underground beginning in July
1962. Most cattle and other livestock were
removed fl:om NTS prior to commencement of
testing in January 1951; thereafter, impacts

from grazing were limited to an experimental
cow herd and some feral horses (DOE 1992).
Horses occur only in the northern 1/3 of
NTS (Fig. 1). Vegetation of this region is dominated by big sagebrush (Artemisia tridentata)
or black sagebrush (A. nova), pinyon pine
(Pinm monophyla), and Utah juniper (Juniperus osteosperma) at higher elevations, with
desert shrubs, primarily fourwing saltbush,
(Atriplex eane8cens), blackbmsh (Coleogyne
mm{)sissima), Nevada jointHr (Ephedra nevadensis), white burrobmsh (Hyrnen{)clea salsola),
and Anderson's wolfherry (Lyeium andersonii),
at lower elevations. Common grasses in the
study area include Indian ricegrass (Achnatherum hymenoides), desert needlegrass (A.
speeiosa), purple threeawn (Aristida parparea),
foxtail brome (Bram". rubens), eheatgrass
(B.tectoram), and galleta (Pleuraphi8 jamesii).
Topographic features of the study region include forested mesas, open and forested ridges,
rolling hills~ narrow canyons, rock outcrops,
washes. open bajadas, and flats. Mean annual
rainfall (196.5-1997) was 23.2 em (8 = 9.9)
recorded at Tippipah Spring weather statioll
(1518 m) near the Eleana Hange. Historical
mean minimum and maximum air temperatures were -3.4 °C and 27°C, respectively, in
sagebrush habitat west of Bainier Mesa (Beatley 1976). The northern 2/3 of NTS is in the
Great Basin Desert and the southern 1/3
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within the Mohave Desert. Details of vegetation, climate, geology, and physiography of the
region are found in O'Farrell and Emery
(1976) and Beatley (1976).
METHODS

Feral horses occupied habitats between
1250 and ca 2,300 m in the Elcana Range and
adjacent foothills in the northern 1/3 of NTS
'in a 450-km 2 region of transition zone between
the Mohave and Great Basin deserts (Fig. 1).
Horses were common from northern Yucca
Flat on the east, to Buckboard Mesa on the
west, near Tippipah Spring on the south, to
Big Bnrn Valley, Gold Meadows, and Kawich
Canyon on the north. Horses and their sign
werc also observed on Hainier Mesa (2300 m)
and Pahute Mesa (2150 m), but usage was
much more common at elevations below 2000
m. Horse use of water sources was determined by recording horse sign and sightings
at water sources on NTS from 1987 to 1908.
lIorse sign \:I,.'as also recorded along specific
roads during surveys to approximate the horse
range boundary (Hg. 1). These surveys indicated that horses do not maintain populations
in any other regions on NTS. Large groups of
up to 90 horses fi~om a separate population in
Kawieh Valley were observed crossing the NTS
northern boundary, hut they do not reside
there permanently.
We attempted to identify and count all
horses on NTS each year while driving a standanl road route (120-bn length) at speeds of
8-60 kph and searching areas distant from
roads on fc)()t (Fig. 1). Standard surveys were
condncted weekly fi'orn March through October 1990-1994 to establish population size
and estimate foal survival. During 199.5-1998
we conclucted surveys from June through Octoher at a frequency similar to that of previous
years. Biologists stopped to locate horses with
hinoculars at speciHed locations along the
route where views were unrestricted and eensused areas around water sources. Several natural springs (including Caphrin Jack Spring and
Gold ;\'leadows Spring) and several man-made
ponds were used heavily hy horses throughout
the study (Fig. 1). Horses ·were easily viewed
and identified because horse trails often were
adjavent to roads and horses were habituated
to humans.

During the 1st year or study (1989--90), most
horses were identified and horses of unknown
age were suhjectively classified as adults. 1b
identify individuals, we photopcaphed horses
when they were initially observed ,md classified them according to body color (e.g., bay,
hlack), unique facial markings, and sock and
stocking patterns (Berger 1986, Pacheco and
Herrera 1997). Once horses were located from
vehicles, biologists approached the animals on
foot to within 100 III to identify individuals
and note sex, presence or absence of foals,
band size, and harern size. Bands were defined
as a group of >1 males and females, >1 yr old,
living together for >3 months duration. Harem
size includcd all female horses in a band that
were >1 yr old excluding daughters (i.e.,
females horn and living within their natal
band), living togetller fi,r >3 months. Horses
not observed during 1 yr but seen in the next
were counted as present the previous year.
Foaling rates (1990-1994) wcre determined
by dividing tbe number of females present (>3
yr old) into number of foals observed that yea!~
Maximum foal survival for 1990-1994 was
estimated by dividing the number of foals
seen during their year of birth into the number alive the following year.
A log-linear regression of horse count data
(>1 yr old) across years \vas conducted. :Following Eberhardt (1987), the slope of tl,e regression line fi"om a series of lng-transformed
counts estimates the instantaneous annual rate
of increase ('1'), and the antilog of r estimates
tI,e mean rate of change (A). A population that
is increasing over time has values of A. > 1.0,
whereas a population exhibiting no change in
size has tv = LO. A population that is decreasing in size over time has It. < 1.0.
Kruskal-vVallis tests were used to test fl1f
changes in band and harem size across years.
A chi-square test was used to examine changes
in horse sex ratios across years.

HEsur:rs
The numher of horse bands present
decreased from a maximum of 14 in 1900 to a
minimum of oS in 19~)8. Mean band size of
horses (excluding loals) varied hom a maximUl"11 of 4.3 in 1902 to a minimum of 3.4 in
1997 (x
3.8, s
1.5) and did not change significantly across years (H = 2.74, 8 df, P =
0.95). Mean harem size (excluding daughters)

=

=
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TABLE 1. Number of feral horses counted at the Nevada lest Site during March-October 1990-1994 and June-Cktober
1995-1998. Foals were counted only from 1990 to 1994.
Numher of surveys

43

41

43

30

32

20

14

22

16

Year

Age class

1990

1991

1992

1993

1994

1995

1996

1997

1996

Adults
3-yr·olds

59

57

57

57

53

51

45

2

2

3

2
4

4

3

0
1
0

0
0

36
0
0
0

65

0
63

0
0
56

0
0

39
1

54

46

40

36

17

11

11

2-yr-olds

Yearlings
Thtal ~ yr uld)
Foals

2
61
9

2
2
61
12

varied from a maximum of 2.7 in 1992 to a
minimum of 2.3 in 1997 Ix = 2.4,8 = 1.5) and
did not change significantly across years (H =
0.62, 8 df, P = 0.99). The male-to-female sex
ratio (>2 yr old) averaged 0.78:1.0 over 9 yr
and did not change significantly during the
study 1x2 = 0.58,8 df, P = 0.99).
Most individuals in the population could be
counted in <20 surveys, although in most
years >20 surveys were conducted (Table 1).
For example, during 1990, 56 of 61 horses
known to be alive (92%) were observed after
20 surveys, and from 1991 to 1995 only 1 additional horse was identified from the population after 16 surveys had been conducted.
The log regression of horse count across
years (Fig. 2) was Significant (R2 = 0.83, 8 df,
P = 0.0007). Number of horses >1 yr old
decreased from a high of 65 in 1992 to 36 in
1998 (Table 1), a decline of 45%. Exponential
rate of change (r) estimated for the horse population (>1 yr old) from 1990 to 1998 was
-0.07, and finite rate of cbange (A.) was 0.93
(±95%, Cl = 0.91-0.96). Only 11 horses were
recruited to the population (yearlings or older)
from 1990 to 1998, and only 7 of these survived to adult age or older.
Numbers of foals observed annually ranged
from 9 to 17 between 1990 and 1994 (Table 1).
Mean estimated foaling rate for females (>3 yr
old), 1990-1994, was 36% and varied from
26% to 50%. FIfty-two foals observed were
missing and only 2 were found dead between
1990 and 1994. Most foals were born from late
March through July and were missing between
late April and August. Foal counts were not
reported from 1995 to 1997 because horse
sampling began in June during those years.
However, no yearlings were observed between
1996 and 1998, indicating that any foals born

did not survive to the end of the following
year. Therefore, estimated maximal foal survival to yearling age was 22, 33, 0, 0, 27, 0, 0,
0%, respectively, 1990-1997 (12% average).
Actual foal survival was probably lower because all foals born were not observed (i.e.,
some mares visually classified as pregnant were
not observed with foals).
No horses immigrated into this population
from 1991 through 1998. All horses were identified by 1990 or were first seen as foals or
yearlings. Ouly 4 fresh carcasses of 34 missing
or dead horses (excluding foals) were located
during 9 yr. Five horses (>1 yr old) were missing or dead from 1990 to 1993. Twenty-nine
horses (~1 yr old) were missing or dead
1994-1998. Once a horse was missing, it was
rarely seen again. In only 2 cases during 8 yr
was a horse not seen in a year and observed
again in later years.
DISCUSSION

Total absence of new horses observed in
the NTS population suggests that immigration
from large borse populations north of NTS did
not occur during tbis study. Emigration, although unlikely, cannot be discounted as an
explanation for disappearance of 30 horses ~1
yr old during this study. Some missing horses
could have emigrated to populations 2<hl0
km north and west of NTS, but lack of water
sources (for > 20 km) in those directions and
structural barriers to the north (rugged forested
terrain and playas) that restrict movements
(Berger 1986) make this unlikely.
Mean rate of change (A.) for this population
(0.93) was much lower than rates reported
from all other feral horse populations in westem United States, including the Granite Range
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Fig. 2. Log-linear regression of horse count versus year at the Nevada lest Site, 1990-1998.

in Nevada (1.18; Berger 1986) and other populations in Nevada (1.08-1.27; Garrott et aI.
1991, Wolfe 1980), the Pryor Mountains of Montana (l.18; Garrott and Taylor 1990), Wyoming
(1.14-1.26; Garrott et aJ. 1991, Wolfe 1980),
Idaho (1.15; Garrott et aJ. 1991), and Oregon
(1.16-1.27; Eberhardt et aJ. 1982, Garrott et
aI. 1991). Each year healthy, unweaned foals
were missing• from bands within 6 months aH:cr
they were first observed, indicating that they
did not survive. Foal survival measured on
NTS « 12%) was much lower than most olher
studies (67-93%) from North America (Keiper
and Houpl 1984, Berger 1986, Sini/l' et aJ.
1986, Wolfe 1986, Garrott and Taylor 1990)
and appears to be the major factor limiting
growth of this population. Only Turner et a1.
(1991) reported foal survival of 27%. comparable to our results.
Mean foaling rate (0.36) f(Jr NTS ,vas lmver
than foaling rates reported elsewhere in the
western u.s. (range 0.37-0.71; Kirkpatrick and
Ibmer .1986, Berger 1986, respectively), although this rate was probably underestimated
because some foals\vere undetected each
year.
During each year of study, mountain lions
or their sign (tracks, seats, or deer kills) wore
observed within the NTS horse range. While
causes of foal rnortality ,vere not studied, we

hypothesize that 1 factor limiting growth of
the NTS horse population may be mountain
lion predation. This hypothesis is supported
by the consistent yearly disappearance of
healthy unweaned foals and by some direct
evidence of mountain lion predation. These
include 2 mountain lioll kills (1 /(,.1 and an
adult horse) and 3 injured foals (with apparent
mountain lion bite marks or wounds on the
neck and hind quarters), resulUng in death or
missing animals. OUf observations afe consistent with those of Turner et aJ. (1991), who
found that drag marks, tracks, partially buried
remains, and canine tooth punctures on de~
fleshed head and legs \\-'cre strong evidence
for cause of death by lions. Turner et al. (1991)
also reported that mountain lion predation
caused poor foal survival, and change in the
horse population was limited to 4-8% over 5
yr in Montgomery Pass Wild Horse Territory
on the Nevada-California border.
Horses arc restricted to higher-elevation
habitats (> 1600 m) May-October on NTS,
coinciding with the period when most foals
disappear. These habitats, heavily lorested with
pinyon-juniper, have rugged terrain and numerous canyons, and horses may be at higher risk
to mountain lion predation here than in other
more open habitats (large, unforested, flat valleys) at lower elevations.
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