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Inbreeding effects on lifetime in David’s deer (Elaphurus

davidianus, Milne Edwards 1866) population
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Abstract. The current population of David’s deer is derived from 18 individuals kept in

Woburn Abbey Park (England). The aim of this study is to evaluate the inbreeding rate

as well as inbreeding depression in longevity. The recorded data have been extracted

from the International Species Information System (ISIS). Complete records

of 2042 individuals (born in 1947-2000) from zoological gardens were studied. The fol-

lowing four subsets of data were formed: all individuals, individuals over 31 days

of life, sexually mature individuals (above 450 days old) and individuals with identified

sex. Two models (including inbreeding coefficient as linear and quadratic covariables,

respectively) have been employed. These computations were performed by the use

of the DFREML package programs. This study has shown that average levels of in-

breeding in the David’s deer are relatively low (no exceed 0.028). The highest level

of inbreeding was registered for mature individuals. In general, the average inbreeding

on length of life was small for the above mentioned the inbreeding level (from 24 days

to 77 days). However, on the basis estimated regression coefficients it can be suggested

that an increase of inbreeding could lead to a drastic reduction of longevity. Relation-

ships between inbreeding level and longevity are usually better described by quadratic

partial regression (except for the oldest individuals). On the other hand, from a statisti-

cal point of view, a relatively low inbreeding level of the population studied is not suit-

able to derive the slope of the dependencies.

Key words: captive population, David’s deer, inbreeding depression, inbreeding rate,

phenotypic trend.

Introduction

For centuries North-East China had been the natural habitation of David’s deer.
Contrary to other sub families of deer, the milu had been characterized by specific
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traits, appearance and behavior. Therefore, the Elaphurus davidianus has been
called “sibuxiang” in Chinese (“unlike to other four” – cow, deer, horse and goat).

In China David’s deer became completely extinct in the semi-freedom

in 1922. After this, the Woburn Abbey Park (in England) has become its sole rais-

ing center in the world. The Prince of Park Abbey was a prominent fan of wild ani-

mals, including David’s deer. Thus, he started buying young individuals from

zoological gardens, and soon collected 18 animals. It should be noted that the cur-

rent population is derived from the Park Abbey group of deer (TANG 2000). To-

day, the population consists of 1500 animals, and this implies inbreeding rate

in the population.

In recent years, a number of studies on inbreeding effects in livestock and poul-

try have been performed (MIGLIOR et. al. 1995, SEWALEM et al. 1999), showing

increased inbreeding depression in survival compared to production traits, for in-

stance production of milk (THOMPSON et al. 2000a, 2000b). Hence, various meth-

ods have been proposed to reduce the rate of inbreeding in selection under

different mating strategies (WOOLIAMS, BIJMA 2002). Special mating programs

have been developed for wild and domestic animals kept in zoological gardens

(BOER 1995), but to our knowledge no reports on inbreeding level in David’s deer

are available. An investigation carried out by SZABLEWSKI (2003) indicated

a negative relationship between inbreeding and longevity in Arabian Oryx popu-

lation. It corresponds, among others with studies conducted by WACHTEL (1997)

in dogs.

The objectives of this paper were to evaluate the inbreeding level in David’s

deer population over time as well as to estimate the inbreeding depression in lon-

gevity.

Material and methods

Data

The data were extracted from the International Species Information System

(ISIS). Pedigree and survival data on 2316 individuals were available

from 144 zoological gardens around the world. After rejecting incomplete re-

cords, 2042 individuals were analyzed. The individuals were classified according

to period of birth (three year groups were formed). Individuals from 1947-1970

were put together into one group. Incomplete inflow of information from zoologi-

cal gardens accounts for a relatively small number of records for the years

1995-2000. Records of died individuals were included, only.

The analyses of the relationship between inbreeding level and longevity were

performed within the following four data sets:
– DATA-1 = all individuals (three sex groups were studied: females, males

and unidentified sex individuals);
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– DATA-2 = individuals over 31 days of age. The mortality in the first month was
determined by a number of both environmental and genetic factors (e.g. chro-
mosomal aberrations). A majority of them have not been associated with the in-
breeding effect. Hence, the records of the youngest animal have been rejected
from this file.

– DATA-3 = individuals over 450 days for age. The file is formed for sexually ma-
ture individuals (BURTON, PEARSON 1987).

– DATA-4 = individuals with identified sex only.
Wright’s inbreeding coefficients of all individuals were taken from the ISIS.

Descriptive statistics of these data are given in the Table 1.

Linear models

Some authors (e.g. KLEMETSDAL 1998) suggested that both linear and nonlinear
dependencies between the inbreeding level and some characters could be consid-
ered. Hence, two linear animal models have been employed:

Model I:

y X X X Za e� � � � �1 1 2 2 3 3� � �

where: y is the vector of observation, �1 is the vector of fixed effects of sex, �2 is
the vector of fixed effects of period of birth,�3 is the vector of inbreeding coeffi-
cients included as linear covariable, a is the vector of random additive genetic ef-
fects, e is the vector of random errors, X1, X2 are the design matrices for sex
and birth place effects, X3 is the design matrix for inbreeding coefficients, Z is
the design matrix for genetic effects.
It was assumed that: var(a) = A� a

2 , var(e) = I� e

2 and cov(a, e) = 0, A is the addi-
tive relationship matrix.

Thus: E(y) = X X X1 1 2 2 3 3� � �� � and var(y) = ZAZ’� a

2 + I� e

2 .

Model II:

y X X X X + Za e� � � � �1 1 2 2 3 3 4 4� � � �

where:�4 is the vector of inbreeding coefficients included as quadratic covariable,
X3 and X4 are the design matrices for inbreeding coefficients (containing the par-
tial linear and quadratic regression coefficients). Other symbols – as above.
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Table 1. Description of the data sets

Data set
Number of Average and standard

deviationall individuals recorded individuals

DATA-1 2042 1356 2071.57 ± 1709.27

DATA-2 1735 1190 2438.23 ± 1748.27

DATA-3 1618 1073 2677.09 ± 1675.61

DATA-4 1888 1246 2081.86 ± 1721.77



In consequence, the assumptions on vector of observations are:

E( )y X X X X� � � �1 1 2 2 3 3 4 4� � � � and var(y) = ZAZ’� a

2 + I� e

2 .

The approximate average inbreeding depression was estimated according

to both linear and quadratic regression equations (for average coefficient of in-

breeding equal to 0.028). Residual variance estimates were taken as criteria

of model adequacy (SUNDBERG 1994).

These computations were performed by the use of the DFREML (Deriva-

tive-Free Restricted Maximum Likelihood) package programs (MEYER 1993).

Results and discussion

The level and rate of inbreeding over time are shown in Tables 2-4. As reported

in Table 2, 1850 individuals were non-inbred. The registered number of inbred in-

dividuals of David’s deer was 237. The coefficient of an inbreeding of larger sub-

class (83 individuals) ranged from 0.2422 to 0.2812. Generally, the inbreeding

level and number of inbred individuals are lower compared to other populations

of wild animals. SZABLEWSKI (2003) reported that the number of inbred individu-

als in Arabian Oryx and Przewalski horse was 792 individuals (37% of the popu-

lation) in Arabian Oryx and 1439 individuals (61.9% of the population)

in Przewalski horse.

Table 3 shows the changes of inbreeding level over time. Highest inbreeding

coefficients have been registered in years 1983-85 (F = 0.0434 as well as

in 1995-97 (F = 0.00499). The levels of inbreeding in inbred animals have been

several times higher than for the whole population. For instance, the mean in-

breeding coefficient of all individuals was 0.028 whereas for the inbreeded indi-

viduals it was 0.21. Moreover, the contribution of inbreed animals has also
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Table 2. Inbreeding coefficients in the population studied

Inbreeding coefficient Number of individuals

0.000 1850

0.0156-0.001 7

0.020-0.0625 11

0.0626-0.0937 11

0.0938-0.1250 43

0.1251-0.1875 24

0.1876-0.2421 22

0.2422-0.2812 83

0.2813-0.407 36



Table 3. Inbreeding level in David’s deer population over time

Period

of birth

Number

of individuals

Number

of inbred

individuals

Percentage

of inbred

individuals

Average

inbreeding

coefficient of all

individuals

Average inbreed-

ing coefficient

of inbred indi-

viduals

1947-1970 114 9 7.9 0.0186 0.2361

1971-1973 81 2 2.5 0.0061 0.2500

1974-1976 92 4 4.3 0.0093 0.2148

1977-1979 131 6 4.6 0.0057 0.1250

1980-1982 179 22 12.3 0.0349 0.2596

1983-1985 204 41 20 0.0434 0.2159

1986-1988 198 11 5.5 0.0198 0.2179

1989-1991 289 25 8.6 0.0140 0.2257

1992-1994 312 31 10 0.0185 0.1865

1995-1997 219 51 23 0.0499 0.2145

1998-2000 223 35 15.7 0.0320 0.1983

Total/Average 2042 237 11.6 0.0289 0.2131
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Figure 1. Phenotypic trends for lifetime in David’s deer

Note on symbols: DATA-1 – all individuals, DATA-2 – individuals above 31 days of age, DATA-3 –

individuals above 450 days of age, DATA-4 – individuals with identified sex only



changed over time. In general, it is more connected with the average inbreeding

level of all individuals than of the inbreeding level individuals only. It should

be stressed that the inbred levels are very similar across a given subset

(DATA-1-4). It seems that an increase in inbred rate might also be influenced by

positive trends in longevity in all four data sets (see Figure 1). Thus, some parents

produce more progeny. Furthermore, as it has already been mentioned, an in-

crease of population has been observed. This fact could be explained by opening

of breeding programs by the zoological gardens with the aim of increasing

the number of individuals by enhancing the possibility of decrease of the inbreed-

ing level in inbred animals. Therefore, the changes of inbreeding level depend

on the realized breeding programs in captive population.

SZABLEWSKI and SZWACZKOWSKI (2003) found higher average inbreeding

level in Przewalski horse (F = 0.13) than reported in this study. However, inbreed-

ing rates of inbred animals are relatively similar (F = 0.24), whereas the inbreed-

ing level in the Arabian Oryx population approximated 0.2.

Generally, the results obtained are in agreement with reports for livestock

and poultry. Similar inbreeding levels have been reported for Canadian (MIGLIOR

et al. 1994) and US (SMITH et al.1998) Holstein dairy cattle. VAN RADEN (1992)

obtained an average inbreeding level ranging from 0 to 4% for Holstein in
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Table 4. Inbreeding level within particular groups

Data set Number of inbred

individuals

Average inbreeding

coefficient of inbred

individuals

Average inbreed-

ing coeficient

of all individuals

Percentage

of inbred

animals

DATA1 237 0.2087 0.0242 11.5

DATA2 197 0.2086 0.0236 11.4

DATA3 174 0.2124 0.0228 10.7

DATA4 218 0.2070 0.0238 11.5

Table 5. Estimates of inbred depression and error variances

Data-set Model I Model II

b D1 �� �

e b1 b2 DII �� �

e

DATA1 –980 –24 2088752.48 –3104 9602 –69 2087637.83

DATA2 –1710 –40.3 1878889.17 –1888 811 –44 1873683.05

DATA3 –1764 –40.2 1708107.56 –1848 –7014 –46 1713555.17

DATA4 –1344 –32 1971497.59 –3481 9754 –77 1960010.14

Note on symbols: b – coefficient of partial linear regression, b1 and b2 – coefficients of partial quadratic regres-

sion, ���

e – error variance estimate, DI – average inbreeding depression estimated from partial linear regression,

DII – average inbreeding depression estimated from quadratic regression



the United States. SEVALEM et al. (1999) found the rate of inbreeding in hens to be

8% to 15% in four selected lines over ten generations.

The average length of life by period of birth is presented in Figure 1. It should

be noted that trend lines are very similar for all data sets. Since 1974 the trends

have been positive, and the average lifetime increased considerably (see Figure 1).

So, the increase of longevity is positively correlated with the size of the popula-

tion.

Table 4 shows inbreeding levels in four groups of animal. In general, both

the percentage for inbred individuals and the inbreeding rate are relative similar.

The average inbreeding coefficients for all individuals range from

0.0228 (DATA-3) to 0.0242 (DATA-1). However, the inbreeding coefficient

of inbred animals was higher for the oldest animals (DATA-3). The averages

of inbreeding levels for the other three groups were very similar (0.2070-0.2086).

As already noted, the inbreeding rate was influenced by the length of life in Da-

vid’s deer population. The average inbreeding depressions estimated from the lin-

ear (model I) and quadratic (model II) partial regression for all the four groups as

well as respective regression coefficients are listed in Table 5. On the basis of first

model it may be concluded that each 2.8% (mean level of inbreeding) increase in

the inbreeding of the David’s deer resulted in 24 to 40 days shorter length of life.

For the second model, the analogous values were as follows: 44 days (for individ-

uals above 31 days of age) and 77 days (for individuals with identified sex).

By the way, it should be recalled that the covariable is expressed in inbreeding co-

efficients within the range <0, 1>. Hence, the regression coefficient estimates

achieved relatively large values. Thus, these are interpreted as changes of lifetime

by full homozygosity (F = 1.0). Both linear and quadratic effects of inbreeding for

DATA-2 and DATA-3 are very similar. In the case of groups that included

the youngest animals, relatively large differences in the average inbreeding de-

pression via the two linear models have been observed. These estimates obtained

from non-linear regression are higher compared to those from model I. This can

indicate non-linear relationships between survival traits and inbreeding in young

animals. Thus, an increase of homozygosity can lead to a strong decrease of sur-

vival under the higher inbreeding threshold. A similar tendency has also been

found by SZABLEWSKI (2003) in the Arabian Oryx population.

A number of studies conducted in various livestock population have shown

that inbreeding is negatively correlated with the so-called functional traits

(e.g. health, fertility) and productivity of dairy cattle and other livestock species

(HERMAS et al. 1987, BURROW 1998, WEIGEL, LIN 2002). From the breeder’s

perspective, these traits determine the length of life. Therefore, comparison

of longevity in livestock and wild populations seems to be difficult. On the other

hand, various inbreeding effects on some traits have been reported. For instance,

THOMPSON et al. (2000a, b) reported that milk production losses per lactation

caused by inbreeding were 35 kg per percentage inbreeding level larger than 0.01,

but increased to 55 kg per percentage inbreeding level from 0.07 to 0.1. It also
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showed the non-linear effects of inbreeding. It seems that higher degrees of re-

gression (e.g. cubic) can be considered in evaluation of associations between

homozygosity rate and the traits studied. Additionally, in the case of wild captive

animals, these relationships can also be considered in light of the environmental

changes. It is well known that inbreeding effects adaptation ability. Hence, the in-

breeding depression is likely to be larger in a re-introduced population compared

to zoological gardens.

As already mentioned, these error variance estimates (mean error square) have

been taken as criteria of model goodness. Basically, magnitudes of these estimates

are quite similar. However, the model with quadratic regression is better for de-

scribing these relationships (with the exception of DATA-3). This corresponds

with to an earlier suggestion that inbreeding depression is more pronounced

in young individuals.

Some implications

This study has shown that levels of average inbreeding in David’s deer are rela-

tively low (no exceed 0.028). The highest level of inbreeding was registered

for mature individuals (DATA-3). Thus, it might imply that negative inbreeding

effects are more pronounced in young animals. In general, the average inbreeding

depression on length of life were small for the above mentioned inbreeding level

(from 24 days to 77 days). However, on the basis of estimated regression coeffi-

cients it can be suggested that a greater increase of the inbreeding rate could lead

to a drastic reduction of longevity. Relationships between level of inbreeding

and longevity are usually better described by quadratic partial regression (except

for the oldest individuals). On the other hand, from a statistical point of view, a rel-

atively low inbreeding level of the population studied is not suitable to derive

the slope of the dependencies.
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