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Abstract

Several investigators studying feral horses (Equus caballus) in
the western U.S. have noted anomalies in the age distribution of
captured horses that raised concern about the accuracy of aging
technique. Possible biases in the aging technique were investigated
by assembling records for 60,116 horses removed from public lands
in Nevada, Oregon, and Wyoming between 1975 and 1987.
Records were consolidated for each state and the resulting age
distributions were compared to an expected distribution derived
from a population model based on published demographic para-
meters. These comparisons revealed a tendency for 5-year-olds to
be under represented while 6- and 7-year-olds were over repres-
ented. There were also higher than expected numbers of horses
aged as 15 and 20 years. These apparent anomalies were consistent
among states and also among years within each state. The perva-
siveness of the trends demonstrates that several biases exist in the
current aging technique. Given these uncertainties, it is recom-
mended that development of age-specific demographic variables
based on yearly increments beyond age 3 or 4 be avoided, instead
lumping data into broad age classes whenever possible.
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Controversy about management of feral horses (Equus caballus)
occupying public lands in the western United States has stimulated
studies of many demographic parameters based on age-specific
data (National Research Council 1980, Wolfe 1980, Seal and
Plotka 1983, Berger 1986, Siniff et al. 1986, Plotka et al. 1988,
Garrott and Taylor 1990). Two of these studies reported data on
age structure (National Research Council 1980, Wolfe 1980) and
both detected anomalies that raised concern about the accuracy of
age estimates (National Research Council 1982). Techniques for
estimating age of animals may be subject to random error (mea-
surement and sampling), systematic bias, or a combination of
both. Depending on how age data are used, such errors can have
significant affects on estimation of demographic parameters
(Cooke and de la Mare 1983, de la Mare and Cooke 1984), hence,
careful evaluation of aging techniques is important.

Accuracy of aging techniques cannot be assessed without
known-age animals (Dapson 1980); however, if age distributions
are similar among populations, systematic biases may be detected
by aging a large number of animals and examining the resulting age
distributions (Fatti et al. 1980). Garrott et al. (1991b) reported
similar demographic characteristics and growth rates for a variety
of feral horse populations throughout the western United States,
suggesting examination of age distributions may be useful for
assessing possible bias in techniques used to estimate age of feral
horses. The objective of this paper is to present the results of sucha
study using age distribution derived from horses captured by the
Bureau of Land Management (BLM) over a 12-year period.

Methods

Records for 60,116 horses removed from public lands between
1975 and 1987 were obtained from BLM offices in Nevada,
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Oregon, and Wyoming. Animals were captured using helicopters
to locate and herd bands of horses into corral traps. Captured
horses were transported to centralized processing facilities in each
state. Each animal was restrained in a padded squeeze chute and
aged by veterinarians or experienced BLM personnel using stand-
ardized dental criteria (Amer. Assoc. Equine Practitioners 1981).
Eruption sequences of incisors were used to determine age through
5 years, when the last permanent incisors are fully erupted. Esti-
mating ages beyond 5 years was more subjective because it relied
on various characteristics of tooth wear and form. Horses were
aged to the nearest year except in Wyoming, where no attempt was
made to estimate the age of animals =12 years old.

In order to assess possible aging bias, I compared the age distri-
butions constructed from the data to an expected distribution
derived from the demographic studies of Garrott et al. (1991b).
Eberhardt et al. (1982) and Garrott et al. (1991b) provide evidence
that many feral horse populations were growing at a relatively
constant rate during the period when the age data were collected.
The results suggest that survival and fecundity also remained rela-
tively uniform, which would result in a stationary age structure
(Caughley 1977). Garrott et al. (1991b) developed age-specific
survival and fecundity schedules using the equations of Siler (1979)
and Eberhardt (1985) and several sources of data. These schedules
were combined in a variant of a Leslie matrix population model
described by Garrott (1991) to calculate the stable age distributions
(Starfield and Bleloch 1986). Age distributions were calculated for
all 16 combinations of the 4 survival and 4 fecundity schedules
presented by Garrott et al. (1991b). Of the 8 schedules presented by
Garrott et al. (1991b), only the S1 survival schedule and the F1 and
F2 fecundity schedules were developed from data. For the purpose
of generating an expected age distribution for comparison with the
observed age distributions presented in this paper, I chose to use
the S1 survival and F2 fecundity schedules because they represent
the most extensive data yet published. The S1 schedule was pro-
duced from survival data where all horses in a small Montana
population were individually known and their fate followed foran
11-year period (Garrott and Taylor 1990). The F2 fecundity sche-
dule was developed from the lactation status of 1,144 mares cap-
tured in June during 3 consecutive years from a herd in Nevada
(Garrott et al. 1991a).

Statistical comparisons between the observed and expected age
distributions were made by constructing a 2 by 11 contingency
table for each state. Only the first 11 age classes (0-10 years) were
used in the tests in order to reduce the influence of sampling
variation due to the relatively small number of horses assigned to
older age classes. The chi-square statistic was used to test for
departures from the expected age distribution.

Results

Age distributons from all 3 states had a variety of peaks and
troughs that deviated from the expected smooth distribution
(Table 1). With the exception of an apparent under representation
of yearlings in data from Oregon, number of horses assigned to
each age class from foal to 5 years steadily decreased, as expected.
Because the low proportion of yearlings was unique to data from
Oregon, it cannot be attributed to aging criteria, but must repres-
ent a problem peculiar to that state.

At 5 years of age when the aging criteria switch from incisor
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Table 1. The age distribution of feral horses removed from public lands in Nevada, Oregon, and Wyoming between 1975 and 1987 and the expected stable
age distribution derived from the S1 survival and F2 fecundity schedules presented by Garrott et al. (1991).

Observed
Expected Nevada Oregon Wyoming

Age (yr) Percent N Percent N Percent N Percent
0 19.95 5993+ 17.88 1881%* 20.27 2048%* 17.03
1 15.44 5092 15.19 960 10.34 2747 15.87
2 12.52 4140 12.35 1393 15.01 2614 15.10
3 10.16 3096 9.24 928 10.00 1559 9.00
4 8.24 2485 7.41 741 7.98 1495 8.63
5 6.69 1806 5.39 504 5.43 646 373
6 5.42 3098 9.24 765 8.24 759 4.38
7 4.39 2325 6.94 598 6.44 914 5.28
8 3.56 1375 4.10 389 4.19 802 4.63
9 2.88 558 1.66 213 2.30 536 3.10
10 2.33 514 1.53 284 3.06 393 2.27
11 1.88 251 0.75 203 2.19 375 2.17
12 1.52 493 1.47 82 0.88

13 1.22 452 1.35 16 0.17

14 0.97 203 0.61 56 0.60

15 0.77 343 1.02 113 1.22

16 0.61 116 0.35 16 0.17

17 0.47 136 041 2 0.02

18 0.35 160 048 10 0.11

19 0.25 31 0.09 33 0.36

20 0.17 483 1.44 80 0.86

21 0.10 31 0.09 0 0.00

22 0.05 39 0.12 1 0.01

23 0.02 41 0.12 1 0.01

24 0.01 57 0.17 4 0.04

25 0.00 79 0.24 6 0.06

>25 106 0.32 2 0.02

Total 33521 9281 17314

**Tests of expected vs. observed distribution for ages 0-10 within each state significant at the 0.01 level.

eruption to wear characteristics, age structures from all 3 states
deviate from the expected smooth distribution, with the propor-
tion of horses classified as 6- and 7-year-olds exceeding the propor-
tion classified as S-year-olds (Table 1). Deviations from the
expected age distribution in the 5-7 year age classes were responsi-
ble for 50 to 78% of the overall chi-square statistic for each state. If
these anomalies were the result of abnormally high recruitment for
several years throughout western populations, then the strong
cohorts should move through the population with time. Examina-
tion of the age distributions of horses captured in consecutive
years, however, demonstrates that the peak in 6-7 year olds
remained stationary (Fig. 1), suggesting a systematic bias in the
aging technique.

The age distributions beyond 9 years old are erratic and show a
strong bias toward multiples of 5. This bias is particularly noticea-
ble for the 15- and 20-year age classes, but is also evident to a lesser
extent in the 10- and 25-year age classes (Table 1).

Discussion

The National Research Council (1980) noted under representa-
tion of yearlings in age distributions of horses derived primarily
from Oregon BLM data and attributed the problem to sampling
bias (i.e., yearlings were not captured in proportion to their availa-
bility). This explanation seems questionable for 2 reasons. First, all
3 states used similar techniques for capturing horses; therefore, any
sampling bias associated with the capture technique should also be
present in data from Nevada and Wyoming. Second, yearlings are
not spatially or socially segregated in horse populations, but usu-
ally are associated with harems or bands of stallions (Berger 1986).
The normal procedure when capturing horses was to consolidate
several of these social groups and herd them as a unit into a corral
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Fig. 1. Age distributions of feral horses removed from public lands in
Nevada during 4 consecutive years. The line represents the expected
stable age distribution derived from the S1 survival and F2 fecundity
schedules presented by Garrott et al. (1991).

trap. Thus, there was no obvious mechanism that would make
yearlings less susceptible to capture.

An alternative explanation for the deficiency of yearlings in
these Oregon data is the systematic misclassification of yearlings
into adjacent age classes. Discussions with Oregon BLM personnel
revealed that horses were considered yearlings if the third decidu-
ous incisors were partially erupted, but if these incisors were fully
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erupted and in contact with opposing teeth, the animal was consi-
dered a 2-year-old. The third incisors, however, are in contact by
18-20 months of age (Ensminger 1977, Amer. Assoc. Equine Prac-
titioners 1981). Hence, yearlings aged in late autumn or winter, the
primary capture period, may have been misclassified as 2-year-
olds. This supposition is supported by the large 2-year-old cohort
in the Oregon data.

The most reasonable explanation for the preponderance of
horses assigned into the 6- and 7-year age groups is the misclassifi-
cation of animals from adjacent age classes into the 6- and 7-year
age groups. Caughley (1965, 1977) demonstrated considerable
variation in the timing of tooth eruption and wear patterns
between individual Himalayan thar (Hemitragus jemlahicus). Sim-
ilar variation probably exists in other large herbivores as well. This
variation would result in errors in estimating age of animals that
can best be visualized as a probability distribution. An animal that
is X years old may have a 0.50 probability of being assigned into the
correct age class based on dental characteristics, a 0.20 probability
of being assigned into either the X-1 or X+1 age classes, and a 0.05
probability of being assigned into either the X-2 or X+2 age classes.
For example, some 5-year-old animals will have greater than nor-
mal incisor wear and be classified as 6-year-olds, whereas, incisors
of some 6-year-olds will have less than normal wear and be classi-
fied as S5-year-olds. These errors obviously are not compensating in
the first several age classes that use incisor wear to estimate age.
There is a tendency for 4- and 5-year-old age classes to be under
represented in the data when compared to the expected distribu-
tion (Table 1, Fig. 1), suggesting these animals may be the source
for the overabundance of 6- and 7-year olds. The reason for this is
uncertain, but it is clear from data in Table 1 and Figure 1 that
aging errors were common and a distinct bias exists in these age
classes.

The American Association of Equine Practitioners (1981) cau-
tions that after all permanent teeth are fully erupted, aging
becomes increasing difficult and Ensminger (1977) states that
horses cannot be accurately aged beyond 12 years. The age distri-
butions from both Nevada and Oregon, where horses were
assigned ages up to 30 years, provides evidence that aging older
animals is quite speculative.

Given the uncertainties of the current aging criteria, caution
should be exercised when developing age-specific demographic
variables based on incisor eruption and wear. With the exception
of the yearling age class in Oregon, no consistent biases were
detected in the 0- to 4-year age classes, therefore, development of
survival and fecundity rates based on yearly increments appears
reasonable. These age classes are of particular significance in
assessing age of first reproduction, since this is an important
parameter in population models of long-lived mammals (Eber-
hardt 1985). Results of this study suggests that beyond age 4 it
would be judicious to group horses into broader age classes such as
5-9, 10-14, 15-19, and =20. Such general age classes would not
adversely affect the development of age-specific survival and
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fecundity schedules because both survival and fecundity of large
mammals remains relatively constant after animals become mature
until the onset of senescence in the oldest age classes (Eberhardt
1985). Future research on estimating ages of feral horses that could
be useful would include comparing age estimates based on tooth
eruption and wear with known-age animals and ages based on
tooth cementum structures.
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