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Heritabilities for antler characteristics and
body weight in yearling white-tailed deer
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Heritabilities for two body weights and five antler characteristics were estimated for a captive
white-tailed deer (Odocoileus virginianus) herd maintained by the Texas Parks and Wildlife Depart-
ment. Single male breeding pens with 10—14 female deer were used for five consecutive genera-
tions. To minimize selection and maintain a broad genetic base, different sets of sires and as many
different dams as possible were randomly assigned as breeders each generation. All deer were
accurately predigreed by sire and dam and, except for birth weight, traits were measured at 1.5
years of age. Heritabilities were estimated utilizing (1) sire and within-sire components of variance,
and (2) regression of male progeny performance on sire performance. Theoretically, these
procedures estimate the amount of additive genetic variance present in a population without
indication of non-additive genetic (dominance and epistasis) and maternal effects. Heritabilities
ranged from 0.00—0.17 (birth weight), 0.58—0.64 (body weight), 0.22—0.56 (antler points),
0.47—0.70 (main beam length), 0.03—0.43 (antler spread), 0.80—0.89 (basal circumference) and
0.71—0.86 (antler weight). These heritahilities, except for birth weight, suggest that substantial
genetic change could be expected from individual selection if realistic selection differentials were
used.
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Introduction

Heritability of antler characteristics and body weight in
white-tailed deer (Odocoileus virginianus) is not well
documented. Harmel et a!. (1989) reported that the
heritabilities of body weight, main beam length, antler
weight, basal circumference of antlers, antler spread
and total antler points were relatively high for 2.5 and
3.5-year-old white-tailed deer. These heritability esti-
mates, however, were based on small numbers of sires
and male progeny per sire.

Scribner et a!. (1984) simulated several selective
removal strategies for spike bucks using arbitrary
heritahilities and selection differentials and concluded
that body weight and antler development are quantita-
tive traits influenced by polygenic inheritance. Accord-
ing to Breshears eta!. (1988), white-tailed deer have a
high level of heterozygosity and more alleles per locus
on the average than do other mammals. They also esti-
mated genetic variability at 36 loci using horizontal
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starch gel electrophoresis techniques. Smith ci at.

(1987) reported that deer with higher heterozygosities
exhibit significantly greater size for five antler charac-
teristics and greater antler symmetry.

Templeton ci a!. (1982) reported that a single gene
in the genome of white-tailed deer had a major effect
on the number of antler points at 2.5 years of age. They
hypothesized that the presence of a dominant allele in
the genotype resulted in six to 10 antler point pheno-
types, while the recessive allele in the genotype pro-
duced two to five antler point phenotypes. Williams &
Harmel (1984) presented evidence that bucks with less
than six antler points at 1 .5 years of age are genetically
inferior for both quality of antlers and body weight,
and that there was a positive phenotypic correlation
between these two characteristics.

The objective of this study was to obtain heritability
estimates for two body weights and five antler charac-
teristics in white-tailed deer. All heritability estimates,
except birth weight, were calculated from data
collected from male white-tailed deer at 1.5 years of
age. This appears to be an optimal age to evaluate the
breeding value of white-tailed deer (Williams &
Harmel, 1984).
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Methods

Male white-tailed deer with known antler and body
weight measurements taken at 1 .5 years of age were
used as breeders and, depending upon the availability
of dams, five to six single male breeding pens were used
each year. Ten to 1 4 dams were placed in each breed-
ing pen to ensure that a reasonable number of male
progeny would be produced by each sire. The female
breeders were maintained as a group in their respective
pens until fawns were born. Since the breeding pens
consisted of six adjacent 0.27 ha enclosures
surrounded by a 2.44 m chain link fence, there should
have been little pen effect which would appear as a
genetic effect.

Males and females were randomly selected from a
pedigree population maintained at the Kerr Wildlife
Management Area, Hunt, Texas. Different sires were
used in breeding pens in each of five consecutive
breeding seasons to minimize selection and to maintain
a broad genetic base among male breeders. Breeding
females were assigned to single male pens at random to
simulate random mating as much as possible. Because
of a shortage of females, the same female breeders
often were used for two or more breeding seasons.
Also, since the sires were used for only one breeding
season, the dams were not mated to the same sire if
they were used in more than one year.

At birth, offspring were ear-tagged and tattooed,
and birth weight (BW) was collected upon verifying the
dam. Although it is common for white-tailed deer to
allow fawns other than their own to nurse, the females
were watched very closely during the fawning season
and all fawns were assigned to a dam within 24 h of
birth. This procedure of carefully observing both the
dams and fawns on a daily basis leads to increased
confidence in the accuracy of fawn pedigree. In a com-
panion project, DNA fingerprinting has not uncovered
any error in pedigree assignment (unpublished data).

All dams and fawns were moved from the breeding
pens to a 1.62 ha pen at birth where they were main-
tained as a group until weaning. Progeny were reared to
1.5 years of age at which time body weight (WT) and
antler measurements were taken. All antlers were
removed 1—2 cm above the base, permanently marked
and stored for future evaluation. Antler measurements
taken included number of antler points (PT) over 25
mm in length, maximum inside spread (SP) of main
beam, basal circumference (BC) of main beam, main
beam (MB) length and total antler weight (AW). Birth
weight (BW) and WT were measured in kilograms; SP,
MB, and BC in millimetres; and AW in grams.

All fawns were weaned at 4—6 months of age, placed
in a 1.62 ha pen, and fed ad libitum for the remainder

of the study. The feed used was a pelleted 16 per cent
protein diet containing recommended levels of
minerals and vitamins (Verme & Ullrey, 1972). All
sires, dams and progeny received the same 16 per cent
protein dietary formulation ad libitum during the study
and the same facilities were used each year.

Statistical methods used to estimate
heritability
Heritabilities were estimated utilizing three different
statistical methods. Since all sires and some of the dams
were replaced each year, the year to year variation
would be confounded with genetic differences among
annual breeder replacements. Therefore, year and pen
differences for each of the traits were assumed to be
random with mean zero and not included in any of the
models used to estimate heritability. All statistical
analyses were performed with the aid of the STATISTICAL
ANALYSIS SYSTEM (SAS, 1985).

Method 1

The first method utilized hierarchical analysis of
variance where sire (vi) and within sire (vi) compo-
nents of variance were estimated. The statistical model
utilized was

ik = + Si + eik,

where ik is a measurement from the ikth offspring, a
the population mean, s1 the effect of the ith sire, and e,k
the uncontrolled environmental and genetic deviations
attributable to individuals within sire groups. All
effects were assumed to be random, normal and inde-
pendent with expectations equal to zero (Becker,
1984).

Heritability was estimated using the equation

h=4v/(v+ vi).
The variance component v theoretically contains 1/4
of the additive (A ) genetic variance plus 1/16 of the
additive x additive (AA ) genetic variance and 1/64 of
the AAA genetic variance (Lerner, 1958; Falconer,
1960). The AA and A/IA type interactions represent
epistatic effects of additive gene loci which contribute
to the additive genetic variance.

Method2

The second method of estimating heritability utilized
regression of mean performance of male progeny (0)
on sire (S) performance. The statistical model was

Z= bX,+ e,
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where Z, is the mean of all male offspring for the ith
sire, X is the observation on the ith sire, b0 is the
regression of Z on X, and e• is the error associated
with the Zs (Becker, 1984). The resulting estimate of
heritability is derived from the equation

h2=2b0.

Method 3

This method was a modification of method 2 and
regressed individual performance of male progeny on
the record of the sire to yield another estimate of
heritability. Although the regression of offspring on
parent estimate of heritability is derived differently
than the variance component method, both methods 2
and 3 estimate all of the additive (A ) genetic variance
and a portion of the epistatic effect (AA and AAA
interaction) of additive genes interacting with additive

Table 1 Total white-tailed deer sires and dams used as
breeders and progeny surviving to 1.5 years of age for each
of five generations

Year
Total
sires

Total
dams

Total progeny

Males Females

1986 6 30 40 31

1987 6 15 19 8
1988 6 26 22 29
1989 5 32 38 34

1990 5 24 27 27

Total 28 127* 146 129

*A total of 78 different females were used as breeders;
however, some were used in two or more breeding seasons.

genes and contributing to the additive genetic variance
influencing a trait in the population. Neither method
gives an estimate of dominance, non-additive epistatic
effect, or maternal effect.

Results
The total sires and dams producing offspring in each of
the five generations as well as the total male and female
progeny reaching 1.5 years of age are shown in Table 1.
In 1987, dam and progeny mortality was high because
of extremely wet weather conditions resulting in health
problems.

Yearly mean performance values for each of the
seven traits from male progeny are presented in Table
2. Similarly, the mean values for the corresponding
traits in the sires are presented in Table 3. The annual
sire means for each of the traits varied considerably
from year to year (Table 3) and, although no selection
was intended for the sires in the breeding pens, their
individual and cumulative mean peformance for each
of the traits at 1.5 years of age exceeded that of their
male progeny at the same age. The pooled within-year
standard deviations and corresponding coefficients of
variation for each of these means are large (Table 4).
Part of this variation may be the result of the limited
number of sires used as breeders each year.

With the exception of birth weight (0.17), antler
points (0.22) and antler spread (0.03), the heritabilities
estimated from variance component analysis (method
1) are considered high (Table 5). When confidence
limits are placed around the estimates for WT, MB, BC
and AW, the lower limits are positive (P <0.05). When
regression of individual progeny performance and
mean progeny performance on sire performance are

Table 2 Mean values of five antler measurements at 1.5 years and two body
weights for white-tailed deer male progeny for five consecutive years

Progeny means by years

1986 1987 1988 1989 1990
Trait (40)* (19) (22) (38) (27)

Birthweight(kg) 2.50 2.90 2.75 2.77 2.45
Body weight (kg) 47.10 52.63 49.75 53.48 52.17

(1.5 years)
Antler points 5.03 6.22 5.45 5.92 6.26
Mainbeamlength(mm) 235.78 264.31 248.43 261.42 298.72
Spread (mm) 204.33 221.44 207.18 231.68 239.07
Basal circumference 61.13 70.22 61.98 69.24 72.31

(mm)
Antlerweight(g) 158.54 242.87 179.92 228.90 280.47

*Number of male progeny reaching 1.5 years of age.
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Table 3 Mean values of five antler measurements at 1.5 years and two body
weights of sires for five consecutive years

Means by years

1986 1987 1988 1989 1990

Trait (6)* (6) (6) (5) (5)

Birthweight(kg) 3.1 2.3 2.4 3.2 2.5

Body weight (kg) 52.0 59.5 50.0 57.5 56.3

(1.5 years)

Antler points 5.3 7.6 6.0 7.4 7.2

Mainbeamlength(mm) 222.1 301.8 268.9 299.9 328.8
Spread(mm) 220.5 291.6 222.5 262.0 273.8
Basal circumference 63.9 81.6 63.5 74.0 73.3

(mm)
Antlerweight(g) 196.5 372.6 197.1 299.2 304.4

*Number of sires utilized in breeding pens in each of the five years. Data were
collected at birth and 1.5 years of age.

Table 4 Means, standard deviations (SD) and coefficients of variation (CV, %) for
five antler measurements at 1.5 years and two body weights for white-tailed deer
sires and progeny pooled for five consecutive years*

Sires Progeny

Mean SD CV (%) Mean SD CV (%)

Birthweight(kg)
Bodyweight(kg)

(1.5 years)

Antlerpoints

Mainbeamlength(mm)
Spread (mm)
Basalcircumference

(mm)
Antlerweight(g)

2.69
54.52

6.63
281.91
251.67
70.57

268.23

0.51
7.08

1.91
61.94
52.79
10.15

103.60

19.16
12.99

28.86
21.97
20.98
14.38

38.62

2.64
50.71

5.72
259.84
220.67

66.60

213.61

0.47
5.55

1.93
67.56
61.47
8.96

104.54

17.65
10.95

33.79
26.00
27.86
13.45

48.94

*Standard deviations and coefficients of variation are pooled within years.

used to estimate heritability (methods 2 and 3), all esti-
mates, except birth weight, are high. Placing confidence
limits around these estimates also suggests that the
lower limits would be strongly positive (P<0.05). It is
postulated that birth weight, at least in this population,
is under strong maternal and environmental influence.
Because of cost and facility limitations the experi-
mental design could not be extended to obtain a valid
estimate of maternal influences; however, rough
computations, not reported here, suggest that signifi-
cant maternal and environmental effects contribute to
the variance for birth weight with resultant low herita-
bility.

Discussion

Smith et at. (1976, 1982), Scribner et at. (1984),
Chesser & Smith (1987) and Breshears (1988) recog-
nized that body weight and antler characteristics were
moderately to highly heritable, but did not determine
heritabilities. Harmel eta!. (1989), using data collected
from 1973 to 1985, reported heritabilities for length
of main beam, antler weight and basal circumference in
1.5-year-old deer of 0.80, 1.41 and 0.63 respectively.
Estimates presented in this study, from a different data
set, were 0.47—0.70 (MB), 0.71—0.86 (AW) and
0.72—0.89 (BC). Harmel et a!. (1989) also reported
heritabilities for birth weight, main beam length, antler
weight, basal circumference, antler spread and antler
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Table 5 The heritabilities (h2), standard errors (SE) and lower confidence limits,
for five antler measurements, birth weight and 1 .5-year-old body weight in white-
tailed deer

Traits

Hen tabilities and standard errors

Variance
component

analysis

Regression of offspring on sires

Family means All progeny
a(h2) (SE) (h2) (SE) (h2) (SE)
(method 1) (method 2) (method 3)

Birth weight 0.17 0.26 0.04 0.16 —0.13 0.16
Body weight 0.64* 0.33 0.58* 0.14 0.59* 0.12

(1.5 years)
Points 0.22 0.23 0.56* 0.20 0.46* 0.14
Main beam length 0.49 0.34 0.70* 0.22 0.47* 0.14
Spread 0.03 0.24 0.43* 0.18 0.42* 0.16
Basal 0.80* 0.35 0.89* 0.16 0.72* 0.12

circumference
Antlerweight 0.71* 0.34 0.86* 0.18 0.75* 0.14

[4v/(v+ vi)].
*cL1> 0.00, where CL1 is lower confidence limit of h2 at 95% level.
CL1 = h2 — (1.645 x SE).

points of 2.5 and 3.5-year-old male deer which were
similar to those in Table 5. Therefore, age of deer may
not be a significant factor when estimating heritabilities
for white-tailed deer. Five antler traits (PT, MB, SP,
BC, AW) and WT at 1.5 years in this study were classi-
fied as intermediate to highly heritable.

Additive variance is the variance of breeding value,
and is an important component of variance since it is
the chief cause of resemblance between relatives and of
the response of the population to selection (Falconer,
1960). The effectiveness of individual selection to
change a phenotypic trait is related to the amount of
additive genetic variance present, or the size of the
heritability. If non-additive genetic variance
(dominance and epistasis) is important, more sophisti-
cated breeding systems must be employed to take
advantage of this source of genetic variation. We were
unable to obtain estimates of dominance and epistatic
effects because we were unable to obtain reliable
sire x dam interaction mean squares. Templeton et al.
(1982) reported a dominant allele with a major effect
on phenotypic expression of from six to 10 antler
points, and a simple recessive allele contributing to
expression of from two to five points.

The heritability of birth weight in white-tailed deer is
low and appears to follow a pattern observed in other
mammals where maternal effects appear to influence
significantly birth weight. Falconer (1960) states that
maternal effects are a frequent source of environmental
differences between families, especially in mammals

because the young are subjected to the maternal
environment during the first stages of life. Johansson &
Rendel (1968) present evidence that maternal environ-
ment has a considerable influence on the birth weight
of calves; however, differences resulting from maternal
environment tend to decrease with rising levels of
nutrition of the dam. Clutton-Brock et at. (1989) and
Gomendio et at. (1990) have recognized the import-
ance of maternal influence in red deer (Cervus etaphas
L.) They note that such factors as the lactating ability of
the mother, number of progeny produced, sex ratio of
calves at birth and plane of nutrition not only affect the
newly born calf, but the condition of the mother as
well. Lerner (1958) lists several factors that induce
maternal effects between dam families. These include
cytoplasmic inheritance, maternally provided nutrition,
passive transmission of either pathogens or of anti-
bodies from dam to offspring and imitative behaviour.
Falconer (1960) adds the age and size of dams to this
list. From a selection point of view, heritability of birth
weight in white-tailed deer appears to be a poor
variable to use because it is subject to a large number of
environmental factors that affect prenatal and post-
natal development. One must conclude that birth
weight in this population of white-tailed deer is not
highly heritable (h2 = 0.00—0.17).

White-tailed deer are believed to possess a high level
of heterozygosity (Smith et at., 1976; Breshears et a!.,
1988; Scribner et at., 1984, 1989; Scribner & Smith,
1990). A review of papers by Carr et at., (1986), Derr
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(1991), Derr et at. (1991) and Ballinger et at. (1992)
suggests considerable genetic variation in the genome
of white-tailed deer populations. Scribner ci' at. (1984)
used arbitrary selection differentials and heritabilities
to model a population of white-tailed deer and
reported that individual selection could be effective in
altering the phenotypic characteristics of a population.
They did not take into account the direction and mag-
nitude of genetic correlations In our study, the magni-
tudes of the heritabilities are large for all traits except
BW, indicating that there is considerable genotypic
variability in this population. It would follow that there
would be ample genetic variability for mass selection to
be effective.
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