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ABSTRACT Frequency of interspecific hybridization between mule deer and white-tailed deer
was investigated using ribosomal DNA and nucleotide sequences from the mitochondrial cyto-
chrome b gene. Two of 15 individuals (collected by hunters) from northwestern Texas (Kent
County) were identified as hybrids based on the ribosomal DNA marker. Sequence data from the
cytochrome b gene indicated that 1 individual was the result of mating between a mule deer doe
and a white-tailed deer buck, whereas the second individual resulted from mating between a white-
tailed deer doe and a mule deer buck. These results indicate that hybridization between mule
deer and white-tailed deer is not restricted to the Trans-Pecos region of Texas. Given the low levels
of genetic divergence and frequency of hybridization, the validity of recognizing mule deer and
white-tailed deer as distinct species is discussed. It is concluded that without the morphological
and behavioral differences these 2 taxa could be considered subspecies rather than distinct species.

RESUMEN La frecuencia de hibridación entre venados bura y venados cola blanca fue investi-
gada usando ADN ribosomal, y secuencias de nucleótidos del gen citocromo b mitocondrial. Dos
de 15 individuos (obtenidos a través de cazadores) provenientes del noroeste de Texas (condado
de Kent) fueron identificados como hı́bridos basándose en el marcador ADN ribosomal. Los datos
de las secuencias del gen citocromo b indicaron que un individuo fue el resultado de un apa-
reamiento entre una hembra venado bura y un macho venado cola blanca, mientras que otro
individuo fue el resultado de un apareamiento entre una hembra venado cola blanca y un macho
venado bura. Estos resultados indican que la hibridación entre los venados bura y los venados
cola blanca no está restringida a la región Trans-Pecos de Texas. Dado los bajos niveles de diver-
gencia genética y frecuencia de hibridación, se discute la validez del reconocimiento de los 2
venados como especies distintas. Se concluye que sin las diferencias morfológicas y conductuales
estos 2 grupos podrı́an ser considerados como subespecies y no especies distintas.

Hybridization between mule deer (Odocoileus
hemionus) and white-tailed deer (O. virgini-
anus) has been well documented in various re-
gions of North America (Cowan, 1962; Kramer,
1973; Wishart, 1980; Carr et al., 1986; Stubble-
field et al., 1986; Cronin et al., 1988; Gavin and
May, 1988; Cronin, 1991; Derr, 1991; Ballinger
et al., 1992; Carr and Hughes, 1993; Cathey et
al., 1998). In Texas, it has been hypothesized
that hybridization between these 2 species has
been a result of white-tailed deer expanding
their range into the historical range of mule
deer (Carr et al., 1986). This hypothesis is
based on an encroachment of woody plant spe-
cies (preferred habitat of white-tailed deer)

into the more open grassland habitat typically
associated with mule deer (Wiggers and Bea-
som, 1986). In addition, it has been inferred
that the dynamics of hybridization are driven
by behavioral and ecological factors instead of
being limited by genetic sterility (Derr et al.,
1991).

Carr et al. (1986) extensively studied hybrid-
ization between these 2 species in areas of west-
ern Texas generally referred to as the Trans-
Pecos region. Their studies indicated that
some specimens identified as mule deer, based
on morphological appearance, had mitochon-
drial DNA normally associated with white-
tailed deer. This finding was used as evidence
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of natural hybridization. These authors further
hypothesized that the direction of hybridiza-
tion was a result of white-tailed deer does mat-
ing with mule deer bucks. However, Ballinger
et al. (1992), Carr and Hughes (1993), and
Cathey et al. (1998) provided evidence that a
more likely scenario was hybridization between
male white-tailed deer and female mule deer,
with the white-tailed deer population eventu-
ally capturing the mitochondrial DNA genome
of mule deer.

Similarly, Stubblefield et al. (1986) exam-
ined 319 individuals of mule deer and white-
tailed deer from 5 counties in the Trans-Pecos
region of Texas. Based on allozyme data from
the albumin locus, they concluded that hybrid-
ization averaged 5.6% (range 0.0 to 13.8%)
within the 5 counties. Additionally, hybridiza-
tion varied greatly between populations, with
hybridization as high as 24% within 1 popula-
tion.

In this study, we examined sympatric popu-
lations of white-tailed deer and mule deer
from Kent County, Texas, for evidence of hy-
bridization. Available for study were 15 individ-
uals collected by hunters during a single sea-
son at the above locality and 28 individuals
from localities in Texas and Colorado. A nu-
clear marker, 28S ribosomal DNA (rDNA) re-
gion, was used to determine if individuals were
either of a pure mule deer genotype, pure
white-tailed deer genotype, or a mixed geno-
type. A mixed genotype was viewed to be a re-
sult of hybridization between the 2 species. In
addition, DNA sequences from the maternally
inherited mitochondrial cytochrome b gene
were used to establish direction of hybridiza-
tion for hybrid individuals.

METHODS Samples We obtained 43 muscle or liv-
er samples from specimens of mule deer and white-
tailed deer collected by hunters from 9 natural pop-
ulations in Texas (n 5 31) and Colorado (n 5 12)
during 1989. In addition, 2 individuals representing
a pen-raised F1 hybrid and a white-tailed deer from
South Carolina were included as positive controls.
Initial identification of specimens was based on ear
length, tail coloration, and antlers (if male). Speci-
men numbers, collection localities, and identifica-
tion by the rDNA method are listed in Table 1.

Ribosomal DNA Data Genomic DNA was isolated
from 1 white-tailed deer, 2 mule deer, and the pen-
raised F1 individual using the methods of Bingham
and Rubin (1981) followed by a phenol/chlorofom/

isoamyl alcohol extraction. Genomic DNAs were di-
gested with a suite of 37 restriction enzymes follow-
ing the guidelines of the manufacturer (New Eng-
land Biolabs, Beverly, Massachusetts; Promega, Mad-
ison, Wisconsin; and Boehringer-Mannheim, Indi-
anapolis, Indiana). Digested DNA fragments were
electrophoresed on agarose gels and transferred to
nylon membranes following Southern (1975). Ra-
dioactively labeled probes (labeled via random prim-
ing; Boehringer-Mannheim, Indianapolis, Indiana)
were constructed from rDNA clones of the 18S
(p2546) and 28S (pI19) genes (Arnheim, 1979).
Membranes were hybridized to 18S and 28S ribo-
somal probes and placed against x-ray film. Four re-
striction enzymes (Bam HI, Bgl II, Hinc II, and Stu I)
revealed variation in the 28S fragment between
white-tailed deer and mule deer. The remaining
samples were then digested with at least 1 of the 4
restriction enzymes and hybridized to the 28S probe.

Cytochrome b Sequence Data Using the 28S restric-
tion site data, 2 individuals were identified as hy-
brids. These individuals, in addition to 1 mule deer
and 1 white-tailed deer (from the same locality),
were examined by sequencing the first 425 base
pairs (bp) of the mitochondrial cytochrome b gene.
This sequencing was accomplished by extracting ge-
nomic DNA from frozen muscle samples (0.1 g) us-
ing the DNeasy Tissue Kit (Qiagen, Valencia, Cali-
fornia). The entire cytochrome b gene (1,143 bp)
was amplified using polymerase chain reaction
(PCR) parameters modified from that described by
Saiki et al. (1988): 1 initial cycle (958C for 2 min);
35 cycles of 958C denaturation (30 s), 458C anneal-
ing (20 s), 728C extension (1 min 40 s); and 1 final
728C extension cycle (15 min). Primers utilized in
the PCR reactions were H15149 and L14724 of Irwin
et al. (1991). The resulting PCR product was puri-
fied using the QIAquick PCR purification kit (Qia-
gen, Valencia, California). The following 2 primers
were used in cycle sequencing reactions to amplify
the forward and reverse strands, respectively:
LGL765 (Bickham et al., 1995) and H15149. Cycle
sequencing was conducted using the ABI Prism Big
Dye version 3 terminator ready reaction mix (PE Ap-
plied Biosystems, Foster City, California) and sam-
ples were analyzed on an ABI Prism 310 automated
sequencer (PE Applied Biosystems, Foster City, Cal-
ifornia). Vector NTI 7.0 software (Informax, Inc., Be-
thesda, Maryland) was used to align and proof nu-
cleotide sequences. All cytochrome b sequences ob-
tained in this study were deposited in GenBank (ac-
cession numbers AF535863–AF535866).

Data Analyses The cytochrome b sequence data
generated herein were analyzed using likelihood
methods and the HKY algorithm, identified by the
MODLETEST program (Posada and Crandall, 2001)
as the model best fitting the data. The heuristic
search option in the software package PAUP* (Swof-
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TABLE 1—Identification of 44 individuals examined in this study based on gross morphology and 28S
ribosomal DNA restriction patterns (Bam HI, Bgl II, Hinc II, and Stu I). W 5 genotype associated with white-
tailed deer, M 5 genotype associated with mule deer, and H 5 genotype associated with white-tailed deer
and mule deer (hybrid individual).

TK# Morphology Bam HI Bgl II Hinc II Stu I Locality

24397

24398

24399

24400

24401

W

W

W

W

W

H

W

—

—

W

H

W

W

—

W

H

W

W

W

W

H

W

W

W

W

Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)

24403

24405

24406

24407

24408

W

W

W

W

W

W

W

W

H

W

W

W

W

—

—

—

—

W

H

—

—

—

W

H

—

Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)

24409

24410

24412

24413

24416

W

W

W

M

M

W

W

W

—

M

—

—

—

—

—

—

—

—

—

M

W

—

—

M

M

Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 20 mi S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)
Texas: Kent County, 32 km S Jayton (Mesquite Grove
Ranch)

24425
25435
25436
25437
25438

M
H
W
W
W

—
H
W
—
W

—
H
W
W
—

M
H
W
W
—

—
H
W
W
W

Texas: Terrell County, 64 km E Sanderson (Hodge Ranch)
Texas: Pen-raised F1 hybrid
Texas: Hunt, AK10558
Texas: Hunt, AK10560
Texas: Pecos County (Puckett Ranch)

25440
26440
26441
26442

W
M
M
M

W
M
M
M

W
—
M
—

W
M
M
M

W
M
M
M

South Carolina: Savannah River Plant
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)

26443
26444
26446
26447

M
M
M
M

—
M
M
—

—
M
—
—

M
M
M
M

—
M
—
—

Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)

26449
26450
26452
26453
26454

M
M
M
M
M

M
—
M
M
M

M
M
M
M
—

M
M
M
M
M

M
M
M
—
—

Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
Colorado: 56 km E Alamosa (Forbes-Trinchera Ranch)
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TABLE 1—Continued.

TK# Morphology Bam HI Bgl II Hinc II Stu I Locality

26461
26462
26464
26465
26466

M
M
M
M
M

—
—
—
—
—

M
—
—
—
—

M
M
M
M
M

—
—
—
—
—

Texas: Brewster County, 8 km N Alpine (Kimble Ranch)
Texas: Brewster County, 8 km N Alpine (Kimble Ranch)
Texas: Brewster County, 8 km N Alpine (Kimble Ranch)
Texas: Brewster County, 8 km N Alpine (Kimble Ranch)
Texas: Brewster County, 8 km N Alpine (Kimble Ranch)

26467
26469
26471
27789

M
M
M
M

M
M
—
M

—
M
—
—

M
M
M
—

—
M
—
—

Texas: Brewster County, 8 km N Alpine (Kimble Ranch)
Texas: Hudspeth County, 4 km E Salt Flat (Chavez Ranch)
Texas: Hudspeth County, 4 km E Salt Flat (Chavez Ranch)
Texas: Moore County (Plum Creek Ranch)

27821
27823
27919

M
M
W

M
M
W

—
—
—

—
—
—

—
—
—

Texas: Brewster County, 32 km S Marathon (Combs Ranch)
Texas: Brewster County, 32 km S Marathon (Combs Ranch)
Texas: San Patricio County, Welder Wildlife Foundation

FIG. 1 Phylogenetic tree generated with DNA se-
quences from the cytochrome b gene. The tree ob-
tained using likelihood methods contains a clade
(A) representing taxa referable to mule deer and a
clade (B) referable to white-tailed deer.

ford, 2002) was used to obtain a phylogenetic tree.
Cervus elaphus (elk) was used as the outgroup, and
sequences from a mule deer (L48402), black-tailed
deer (O. hemionus; M98488), and white-tailed deer
(L48406) obtained from GenBank were included as
references.

RESULTS Of the 44 individuals screened
with the 28S rDNA probe, 2 (TK24397 and
TK24407) displayed restriction patterns indi-
cating that they possessed nuclear DNA of
both mule deer and white-tailed deer. Both in-
dividuals were from the same population (Tex-
as: Kent County, 32 km S Jayton). The remain-
ing 13 individuals from this population were
either pure mule deer (n 5 2) or white-tailed
deer (n 5 11) based on results of the 28S
rDNA gene.

The likelihood analysis of cytochrome b se-
quences produced 2 clades (Fig. 1). The first
clade (A) contained 3 sequences assigned to
mule deer (TK24397, TK24416, and L48402)
and the second clade (B) contained 3 sequenc-
es assigned to white-tailed deer (TK24398,
TK24407, and L48406). The black-tailed deer
sequence (M98488) was placed basal to the
mule deer and white-tailed deer clades.

DISCUSSION Two samples possessed rDNA
banding patterns that did not correspond to
the initial identification based on a morpho-
logical assessment. Individual TK24397, mor-
phologically identified as a white-tailed deer,
was a hybrid based on the 28S rDNA marker,
and possessed mitochondrial DNA character-
istic of mule deer. Likewise, individual
TK24407, morphologically identified as a
white-tailed deer, was a hybrid based on the
28S rDNA marker, but possessed mitochondri-
al DNA characteristic of white-tailed deer.
Analysis of these results suggests that 1 individ-
ual (TK24397) was the result of a mating be-
tween a mule deer doe and a white-tailed deer
buck, whereas the other (TK24407) resulted
from a mating between a white-tailed deer doe
and a mule deer buck.

Hybrid individuals were detected from only
the Kent County, Texas locality. Overall fre-
quency of hybrid individuals from this popu-
lation was 13.3% (2 of 15). Both individuals
appeared to represent F1s based on compari-
son of the intensity of banding pattern with
patterns obtained from the known F1 (pen-
raised). However, it would be difficult to distin-
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guish between F1 and backcross individuals giv-
en the techniques used in this study and the
repetitive nature of the chromosomal distri-
bution of the rDNA repeats.

Data generated from this study indicate that
hybridization between mule deer and white-
tailed deer in Texas is not restricted to the
Trans-Pecos region but also occurs in portions
of northwestern Texas. Mule deer and white-
tailed deer occur sympatrically along the edge
of the geological mesa known as the Llano Es-
tacado. Although the Llano Estacado itself has
not historically supported populations of deer,
the edges or ‘‘caprock’’ provide suitable habitat
for both species. Canyons, draws, and rolling
hills are common along the caprock and pre-
sumably have provided a narrow band of suit-
able habitat in which the 2 species co-occur and
have the potential to hybridize. Although the
caprock provides a natural mechanism for mule
deer to disperse into Texas from New Mexico
or Colorado, the Texas Parks and Wildlife De-
partment transplanted mule deer into the Palo
Duro area during the 1950s. The latter event
might be the most likely explanation for the oc-
currence of mule deer in this area, given that
the expedition by United States Army Captains
Marcy and McClellan into this area in 1852 pro-
vided observations of white-tailed deer but none
of mule deer (Foreman, 1937).

Although the frequency of hybridization be-
tween mule deer and white-tailed deer might be
high within certain populations (13.3%, this
study; 24%, Stubblefield et al., 1986), we believe
the 2 species behave as valid biological species.
This especially is true if one follows the phylo-
genetic species concept of Cracraft (1983).
Bradley and Baker (2001) argued that the mag-
nitude of genetic differentiation between 2 taxa
could be used as a reference point for recog-
nition of species. In the example of mule deer
and white-tailed deer, the 2 taxa differ by an
average of 1.3%. This is substantially less than
that reported by Bradley and Baker (2001) for
sister species of rodents (mean 5 9.6%) and
bats (mean 5 6.8%) and might indicate a rel-
atively recent divergence time for the 2 species
of deer. Alternatively, it might be that cervids
exhibit a lower level of genetic divergence be-
tween sister species. Further complicating the
interpretation of genetic divergence is the fact
that, based on mitochondrial DNA sequences,
mule deer are more closely related to white-

tailed deer than they are to black-tailed deer.
Given that mule deer and black-tailed deer are
considered to be conspecific, based on nuclear
gene sequences, this introduces the arguments
of lineage sorting, introgression, or a recent di-
vergence of O. virginianus from O. hemionus.
Cronin (1991) argued that lineage sorting (sen-
su Avise, 1994) is responsible for this phenom-
enon, whereas Carr et al. (1986) supported hy-
bridization to explain the genetic similarity be-
tween mule deer and white-tailed deer. In a
more extensive study, Carr and Hughes (1993)
could not distinguish among the 3 alternatives.
Although intriguing, these topics are beyond
the scope of this study.

Recognition of 2 species is compatible with
the strategies by state agencies and biologists
for the management of deer herds. However,
as pointed out by Jones et al. (1995), the pres-
ence of hybrids poses a dilemma for biologists
and policy makers. Undoubtedly, hybrid indi-
viduals are collected as a result of hunter har-
vest. Because bag limits and times of hunting
seasons vary, possession of a hybrid individual
might pose an interesting situation for the
hunter and law enforcement agents.

An overview is that mule deer and white-
tailed deer are widely sympatric, with many ar-
eas of hybridization. Both species have areas of
habitat preference where they exist in allopa-
try. Because these 2 species hybridize so exten-
sively in some areas (e.g., 24% of population
are hybrids), should these 2 currently recog-
nized species of deer be reduced to subspe-
cies? Clearly, mule deer behavior (e.g., gait,
avoidance behavior) and phenotype (e.g.,
body form, color, antlers, ear size, length of
metatarsal gland) are different from white-
tailed deer. In our opinion, they represent bi-
ological species and the genetic integrity of
each is maintained despite extensive hybridiza-
tion over a widespread geographic area.

Before molecular biology, the prevailing view
was that if 2 groups hybridized they represented
subspecies, not species. With the advent of
greater resolution of the genetic nature of in-
dividuals in populations, metapopulations, sub-
species, and species, it becomes clear that even
extensive hybridization does not necessarily
mean introgression is occurring to a point
where subspecies status is more appropriate
than specific status. In Bradley and Baker
(2001), the values of distinction of cytochrome
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b sequences that generally indicate completion
of the speciation process between sister species
was reviewed, and the values that distinguish
mule deer and white-tailed deer are at a level
of populational or subspecific distinction. If
these were nongame animals without the wealth
of information on morphology, behavior, etc.,
we probably would recognize these 2 taxa as hy-
bridizing subspecies, and we would underesti-
mate the richness in this species complex.

We thank B. Baldrich and D. Freddy (Colorado
Division of Wildlife) for providing tissue samples; J.
N. Derr and J. W. Bickham for providing tissue sam-
ples of the pen-raised F1 and other individuals; and
K. Bowers for technical assistance. This study was
supported in part by the Biological Database Project
funded by the state of Texas. This is Publication
Number 03-107 from the Caesar Kleberg Wildlife
Research Institute.
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