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Abstract: Biologists use mammalian body measurements to make taxonomic, behavioral, and
ecological comparisons within and among species. Another application of these comparisons is
promulgation of several “rules” to explain intraspecific variation in morphology over broad
environmental gradients. We examined body measurements of 223 pronghorn (4Antilocapra
americana) collected from throughout North America to determine whether body measurements
varied consistently among biotic communities, ecoregions, and subspecies. We also evaluated
variation in pronghorn measurements with annual temperatures (Bergmann’s rule), forage
productivity as measured by precipitation (“Geist’s” rule), and latitude (Allen’s rule). Pronghorn
showed little sexual dimorphism other than in body weight, and morphological similarities
among populations were more apparent than differences. Pronghorn size varied little (P =0.003)
with mean annual temperature, and pronghorn from areas receiving greater rainfall were only
slightly larger (P = 0.001) than animals in desert areas. Horn size increased slightly (P = 0.0003)
from north to south, but did not increase (P = 0.035) with precipitation. Body measurements,
however, varied little from north to south (P =0.001) although pronghorn from Arizona and New
Mexico had longer ears (P=0.001) than other populations, and pronghorn from the Great Plains
had shorter hind feet and longer tails (P 0.0001) than other populations. Analyses of designated
“subspecies” revealed few differences, and the species is remarkably monotypic. A possible
exception is A. a. peninsularis, which tended to be smaller (P = 0.005) than other subspecies.
Further investigations into morphological variation among pronghorn populations should
examine specific environmental characteristics across spatial and temporal scales and should
measure body size using other morphometrics.
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Morphological variation within a species can provide biologists with a wealth of
information. Although recent analyses have focused on molecular techniques, most mammalian
species and subspecies originally were described on the basis of morphological characteristics
(Feldhamer et al. 2004). Historically, recognition of large-scale patterns of change suggested
relationships between an animal’s environment and its morphology, which in turn led to the
promulgation of ecological “rules.” Bergmann’s rule recognized the tendency for mammals to
increase in size in colder environments (Bergmann 1847), whereas Allen’s rule reflected a
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pattern in which mammals experiencing cold climates tend to have smaller appendages (i.e.,
ears, tails) than closely related forms in warmer environments (Allen 1877). Similarly, Geist
(1998) noted that body size in cervids tends to decrease with declining forage availability.
Although biologists have studied these relationships for >100 years, application of these rules
remains equivocal and controversial (e.g., Stevenson 1986, Geist 1987, Ashton and Feldman
2003).

As in other mammals, regional variation in pronghorn (4ntilocapra americana) body
measurements have been used as 1 criterion to differentiate subspecies (Merriam 1901, Nelson
1912, Bailey 1932, Goldman 1945), and biologists have long suspected that local variation in
pronghorn morphology might depend upon environmental factors (Powell 1953). In a previous
paper (Brown and Mitchell 2006), we discussed statewide differences in pronghorn horn size and
correlated variation in trophy size to winter temperature. We reasoned that similar comparisons
in standard body measurements such as total length, hind foot length, tail length, ear length, and
weight might be equally informative and provide insights into regional adaptations and
applicability of subspecies designations. Such an exercise also could be used to further evaluate
Bergmann’s, Allen’s, and Geist’s rules.

Methods

Tables of pronghorn measurements presented in O’Gara (2004a) provided the initial
basis for our data search and stimulated us to request additional data. We searched the literature
to obtain mammalian measurement data (total length, hind foot length, tail length, ear length,
horn length, and weight) for individual pronghorn from the following sources: Elliot (1907),
Mearns (1907), Nelson (1912), Murphy (1917), Bailey (1931, 1932), Knipe (1941, 1942, 1944),
Goldman (1945), Buck (1947), Einarsen (1948), Biiechner (1950), Mason (1952), Carr (1971),
Tinker (1978), Menzel (1980), Smith and Beale (1980), Arizona Game and Fish Department
(1981), Wright and deVos (1985), Hepworth (2004), and Meeker (2004). In addition, the senior
author and his colleagues collected measurements from pronghorn in southern New Mexico
(33.18°N, 107.03°W) in October 2005, southwestern Arizona (32.4°N, 112.9°W) in December
2005, and Sonora, Mexico (31.4°N, 113.5°W) in January 2006.

We also contacted museums listed in the Mammal Networked Information System and
queried them about availability of pronghorn measurements in their collections. Although a
disappointingly small amount of measurement data were available for some larger collections,
we obtained useable measurements from Burke Museum of Natural History in Seattle, California
Academy of Sciences, Field Museum of Natural History in Chicago, University of Kansas, Los
Angeles County Museum, Michigan State University, Museum of Southwestern Biology at the
University of New Mexico, Museum of Vertebrate Zoology at the University of California at
Berkeley, National Museum of Natural History, Texas Tech University, University of New
Mexico, and the U. S. National Museum.

We included only measurements from adult pronghorn collected prior to translocations
from other states or countries. However, we used measurements of pronghorn from the National
Bison Range (Dow 1952) even though these animals descended from translocated stock because
all translocations originated from areas within intermountain grassland (Reichenbacher et al.
1999). These measurements represent the largest database for pronghorn yet gathered.
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We gathered data for 223 individual pronghorn >2 years old, although we could not
obtain every measurement for every animal. We used actual weights when provided and avoided
field—dressed weights. We assigned each animal to a biotic community (Reichenbacher et al.
1998) and to an ecoregion (Bailey et al. 1994). Each animal also was assigned to a subspecies
based on the original description and map provided in Hall and Kelson (1959). The exception
was A. a. oregona, which has been replaced by 4. a. americana (O’Gara and Janis 2004). We
obtained mean annual precipitation and mean annual temperature data from the climate station
closest to the collection locale having summarized climatic data.

We used ¢ tests to compare sexes and analysis of variance (ANOVA) to examine
differences in morphology across biotic communities, ecoregions, and subspecies. Linear
regression analyses were used to examine relationships between body measurements and mean
annual temperature (Bergmann’s rule), productivity as indexed by mean annual precipitation
(Geist’s rule), and latitude (Allen’s rule). We analyzed all data in JMP (SAS Institute, 2004),
with significance levels of P <0.05. When ANOVA results were significant, we ran post hoc
pairwise comparisons. Due to the large number of statistical tests conducted on the same dataset,
we also used sequential Bonferroni corrections for multiple comparisons (Rice 1989).

Results

We initially compared measurements and weights of 150 male and 73 female pronghorn
collected from 44 locations within 8 biotic communities and 11 ecoregions ranging from Alberta
southward to Coahuila, and westward from western Nebraska to Baja California Sur. Males and
females did not differ in any standard measurements (P > 0.23, Figure. 1a). Female lengths
averaged only 0.01% shorter than males, and male hindfoot lengths were within 2% of those for
females. Males, however, weighed significantly more than females (# = -4.88, df =32, P <
0.0001; Figure. 1b). Thus, in subsequent analyses, we combined males and females except when
comparing body weights.

Comparisons of body measurements across biotic communities showed a range of values
(Table 1). Pronghorn did not differ in total length across communities (P = 0.05, NS after
sequential Bonferroni correction). However, they differed in tail length (F=22.4, df=3, 51, P<
0.0001), hind foot length (F'=49.9, df =4, 33, P <0.0001), ear length (F=16.0,df =4, 133, P <
0.0001, male horn length (F' = 18.3, df =4, 16, P <0.0001), and male weights (F' = 147.2, df = 2,
27, P <0.0001). Although mean lengths of animals in different biotic communities fell within
10% of each other, other measurements varied more widely. Pronghorn from Chihuahuan
Semidesert and Plains Grassland had longer tails than animals from Sonoran Desertscrub or
Great Basin Shrub Steppe communities. Pronghorn from Plains Grassland also had shorter
hindfoot lengths, smaller horns, and weighed less than animals from other communities.
Although sample sizes were small, pronghorn from Intermountain Grassland on the Coconino
Plateau had longer ears than animals from other areas, which did not differ in this respect (Table

).
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Figure 1. Mean (+ SE) (a) morphological measurements (mm) and (b) body weight (kg) of male
and female pronghorns collected throughout western North America between 1890 and 2006.
Sample size is indicated at the base of each bar. NS = not significant (P > 0.05).
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Analyses based on ecoregions varied somewhat from those based on biotic communities
(Table 2). Pronghorn differed in total length (F'=4.81, df =6, 36, P = 0.001), tail length (¥ =
27.7,df=4,42, P<0.0001), hind foot length (F = 34.5, df = 6, 34, P <0.0001), ear length (F' =
51.1,df =5, 17, P <0.0001, male horn length (F = 14.1, df =4, 20, P < 0.0001), and male
weights (F=45.1, df =3, 25, P <0.0001). Pronghorn from the Middle Rocky Mountains were
longer than those in the Great Basin (Table 2). Animals from the Northern Great Plains Steppe
had longer tails, shorter hindfoot lengths, and weighed less than those from other ecoregions.
Pronghorn from the Arizona-New Mexico Mountains had the longest ears, whereas those from
the Middle Rocky Mountains had the shortest ears (Table 2).

In our test of Bergmann’s rule, we found no relationship between body length and either
latitude or temperature (P = 0.05). Male weights declined as latitude increased (= 0.16, P =
0.0003; Figure. 2), however, the opposite of what is predicted.

In our test of Geist’s rule, using mean annual precipitation as an index to plant
productivity (Sneva and Hyder 1962), we found that pronghorn were significantly longer in areas
receiving more precipitation (P = 0.0001, Figure. 3). Precipitation, however, only explained 12%
of variation in the data.

Per Allen’s rule, hind foot and male horn lengths increased at lower latitudes, although
relationships were weak (hindfoot: »?=0.08, P = 0.0003; horn: ?=0.15, P = 0.0003; Figure.
4a). Ear lengths did not vary (+* = 0.039, P = 0.0189, NS after sequential Bonferroni
corrections). In contrast to Allen’s Rule, tail length weakly decreased with increasing
temperatures (2= 0.09, P = 0.0002; Figure. 4b), but the relationship did not hold true for latitude
(P =0.03, NS after sequential Bonferroni correction). No other variables varied significantly
with temperature (P > 0.003, NS after sequential Bonferroni corrections).

Finally, we analyzed body measurements across 4 subspecies. Only tail length differed
significantly among subspecies (F'=16.8, df =2, 51, P <0.0001, Table 3). Sonoran pronghorn
had significantly shorter tails than 4. a. americana or A. a. mexicana, which did not differ
significantly from each other. Specimens of 4. a. peninsularis tended to be shorter than other
subspecies, but differences were not statistically significant (P = 0.05, NS after sequential
Bonferroni correction; Table 3).

Discussion

We conducted these analyses on data collected by many people, over more than a
century, and across 3 countries. Therefore, we cannot account for accuracy or precision of
original measurements or for any errors made in transcription from field notes to other databases.
In addition, despite the relatively large overall database, sample sizes for some locations were
small.

Not all significant relationships we found are biologically meaningful. Most pronghorn
measurements varied within populations as much as between populations, and mean
measurements appeared similar across time and space, and between sexes. Weights were the
most variable measurements, probably due to variations in stomach contents, and changes in
seasonal and sex-related physiology such as pregnancy, lactation, and rutting behavior.
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Table 1. Body measurements (mm) and weight (kg) of male and female pronghorn in different biotic communities (as defined in
Reichenbacher et al. 1998) for western North America, 1890-2006. Horn length and weight are included for males only.

Biotic community Total length Tail length Hindfoot length Ear length Horn length Weight

n X SE  n X SE n X SE  n x SE n x SE  n X SE
Sonoran Desertscrub 23 1,349.1 21.6 14 98.7A* 4.0 12 4173AB 11.5 13 1574A 24 5 2932BC 32.1 ---
Great Basin Shrub-steppe 46 1,368.5 13.2 36 108.0A 32 44 4246A 22 31 1498A 18 25 3165B 83 28 565A 13
Chihuahuan Semidesert 44 1,355.1 122 39 120.7B 4.4 40 402.0B 4.0 40 1551A 1.6 14 376.7A 85 11 532A 12
Plains Grassland 51 1,3488 6.6 51 131.5B 22 52 3758C 2.7 51 1488A 1.8 36 280.2C 10.0 36 36.3B 0.59
Coconino Plateau 8 14194 218 --- 8 4226AB 49 3 197.7B 2.7 - -
Vizcaino Desert 23 1,325.7 204 --- --- --- --- ---

*Means within columns with different letters are significantly different (P < 0.001)

Table 2. Body measurements (mm) and weight (kg) of pronghorn males and females in different ecoregions (as defined in Bailey et
al. 1994) across western North America, 1890-2006. Horn length and weight are included for males only.

Ecoregion Total length Tail length Hindfoot length Ear length Horn length Weight

n X SE n X SE =n X SE n X SE n X SE n X SE
Middle Rocky 12 1,4409AB* 287 11 101.5A 3.7 12 419.1AB 55 7 1389A 3.0 4 3413A 56 9 562A 29
Mountains
Arizona-New 8 1,4194A 218 --- 8 422.6AB 49 3 197.7C 2.7 ---
Mexico Mountains
Chihuahuan Desert 44  1,355.1BC 122 39 120.7B 44 40 402.0B 4.0 40 1551B 1.6 14 376.7A 85 11 532A 12
Columbia Plateau 24 1,3539BC 14.7 22 1044A 16 22 430.1A 23 24 153.0B 1.6 21 311.8B 9.5 19 56.6A 1.4
Northern Great 51 1,347.5BC 6.1 51 133.1C 25 52 376.5C 29 48 1495AB 1.8 36 280.2B 10.0 35 36.0B 0.53
Plains Steppe
Sonoran Desert 46 1,3374BC 148 14 98.7A 40 12 4173AB 115 13 1574B 24 6 312.7AB 326 ---
Great Basin 7 1,2854C 20.2 --- 7 417.1AB 50 --- --- ---
*Means within columns with different letters are significantly different (P < 0.001).
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Figure 2. Relationship between male weight (kg, n = 78) and latitude for pronghorns collected
throughout western North America, 1890-2006.
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Table 3. Standard body measurements (mm) for 4 subspecies of pronghorn males and females
collected throughout western North America, 1890-2006.

Subspecies Total length Tail length Hindfoot length Ear length

n X SE n X SE n X SE n X SE
americana 119 1,369.2 6.9 99 120.9A" 2.1 120 402.4 2.7 93 1495 1.2
sonoriensis 23 1,347.5 225 14 99.0B 43 12 417.1 12.6 13 1573 2.6
mexicana 20 1,3949 133 19 115.6A 6.0 18 4142 42 18 1613 44
peninsularis 23 1,325.7 204
* Means within columns with different letters are different (P < 0. 001)

In addition, we were not surprised to find differences in pronghorn from different biotic
communities, which are classified by climate and vegetation. Temporal and spatial variation in
weather, plant productivity, and subsequent nutrition can have major impacts on physical
growth. Thus, pronghorn in desert communities, with lower mean productivity, tended to be
slightly smaller than pronghorn from Intermountain Grassland communities.

Analysis by ecoregions also revealed some effects of productivity. We found slight
differences among pronghorn populations in the Columbia Plateau, Northern Great Plains
Steppe, Great Basin, Middle Rocky Mountains, Arizona-New Mexico Mountains, Chihuahuan
Desert, and Sonoran Desert (Table 2).

Pronghorn may be the least variable North American ungulate, with the exception of
mountain goats (Oreamnos americanus). Male and female mountain goats measurements vary by
< 5% (Coté and Festa-Bianchet 2003). Pronghorn populations appear more uniform in size and
color than those of bighorn sheep (Ovis canadensis, McTaggart-Cowan 1940), elk (Cervus
canadensis, Murie 1951), mule deer (Odocoileus hemionus, Taylor 1956), and white-tailed deer
(O. virginianus, Taylor 1956).

We found little support for Bergmann’s rule in our analysis because we found no
significant relationship between body length and latitude. Male weights actually declined with
increasing latitude. A better explanation for the slight variation in body lengths is provided by
Geist’s rule in that pronghorn in wetter, and presumably more productive, habitats had
significantly longer body lengths than those in more arid areas. This relationship is weak,
however, and better tests examining measurements and productivity at more specific levels are
needed.

Horn length was supportive of Allen’s rule, because animals at lower latitudes displayed
significantly longer horns than that farther north. Although hind foot lengths weakly increased in
warmer areas at lower latitudes, ear and tail lengths did not.

Morphologically, pronghorn “subspecies” did not differ significantly from each other.
Variation within subspecies was as great as that between subspecies. For example,
measurements of Baja California animals within the range of A. a. sonoriensis resemble 4. a.
peninsularis. If we compare only Arizona and Sonora examples of 4. a. sonoriensis, non-
peninsular or continental pronghorn are remarkably uniform in size. Such similarity suggests that

22" Biennial Pronghorn Workshop -- 2006 133



current subspecies designations, based primarily on morphology, are invalid or inaccurately
delineated, particularly because various pronghorn subspecies were named on the basis of very
few specimens (Merriam 1901, Nelson 1912, Bailey 1932, Goldman 1945).

Phenotypes are an expression of genetic characteristics, modified by environmental
condition, and variance in both genetics and environment may affect phenotypic variance (Bull
1987). Because pronghorn size and extremities do not vary much across the species’ range,
pronghorn presumably have differentiated very little since Holocene times. These similarities in
pronghorn morphology, coupled with universal similarity in pelage markings and color (Brown
2006), suggest a recent separation of populations. According to Allen (1877), the largest animals
within a species are located near that species’ evolutionary center. If so, morphometrics suggest
Antilocapra americana evolved in the Intermountain West during Pleistocene times, expanding
eastward and southward during Recent times.

We believe additional research on pronghorn body size might provide useful insights into
local patterns of growth (e.g., Geist’s rule) and changes over time. In addition to standard
measurements, we suggest future studies also employ alternate measurements such as head
length, incisor arcade, metatarsus:tarsus:femur ratios, and hind limb:body length ratios. Such
measurements might not only serve to help identify unique populations, but also provide insights
into ongoing regional adaptations.

Management Implications

This exercise and recent genetic studies (O’Gara 2004b, Stephen et al. 2005) suggest
most pronghorn managers should be concerned more with adaptations of individual animals than
with subspecies designations. Most pronghorn conservation efforts should concentrate on habitat
rehabilitation and enhancement and should emphasize population rather than subspecies
restoration. As such, any translocation stock should be composed of wild-trapped individuals
taken from populations adapted as much as possible to conditions similar to the relocation area.
Our work indicates populations of 4. a. mexicana, sonoriensis, and peninsularis do not differ
morphologically from each other or from 4. a. americana. However, additional genetic work
could determine if genetic differences are due to long-term selection or to more recent
geographic separation, population bottlenecks, and genetic drift (Stephen et al. 2005).
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