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ABSTRACT

Information on the degree of inbreeding is very important in the
effective management of captive populations of animals in zoos. For the
North Persian leopard (Panthera pardus saxicolor), in particular, no report
on this aspect is available. This study evaluated the effect of inbreeding on
fitness traits and the possible occurrence of purging in a captive population
of the leopard based on pedigree records of the Australasian Regional
Association of Zoological Parks and Aquaria covering the period
1955-2008. The significance of individual, sire or dam inbreeding on
individual and litter fitness traits and litter size was analyzed using linear
mixed models. Results showed that individual inbreeding significantly
decreased survival at days 30 and 90 (weaning age) after birth, while litter
inbreeding significantly decreased litter survival at days 7, 30 and 90.
There was also a corresponding decrease in litter size when the dam was
inbred. Purging of genetic load is possible with increased survival of the
individual and litter when the dam was inbred. However, enhanced zoo
management has to be considered with increased survival of individuals.
Considering the unpredictable response of traits to inbreeding, designing
breeding programs for captive populations should be geared toward
maximizing genetic diversity and minimizing the rate ofinbreeding.
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INTRODUCTION

Captive breeding of endangered or threatened animal populations is
becoming more important as part of the measures to maintain genetic
diversity and avoid inbreeding depression (Hedrick, 1994). Captive
populations may also serve as a reservoir of genetic material that can be
utilized for the re-establishment or reinforcement of wild populations and,
thus, considered essential in the prevention of extinction of a species (Read
and Harvey, 1986; Lacy, 1993). Animals in ex situ conservation are also
expected to have an improved survival rate as genetic resource when they
arereintroduced into the natural population (Ramirezetal, 2006).

Since population sizes in zoos are usually small, inbreeding is
unavoidable, which leads to unfavorable consequences such as inbreeding
depression. This major risk factor in captive populations of threatened
species elevates the risk of extinction in inbred captive populations
(Frankham et al, 2001). Loss of genetic diversity is another consequence,
which is due to increase in homozygosity and founding event (founding
effect) as subsequent generations emerge or when there is minimum
exchange of animals between institutions (Richards, 2000). The response
to inbreeding depression varies between traits wherein traits that involve
fitness are the ones critically affected. Fitness traits include survival
(number of young that survived); disease resistance; stress resistance and
reproduction traits such as fertility, ejaculate volume, mating ability,
female fecundity (number of eggs laid, embryogenesis) and litter size
(Read and Harvey, 1986; Hedrick, 1994; Falconer and Mackay,1996; Lacy et
al, 1996; Crnokrak and Roff, 1999; Amos and Balmford, 2001;Keller and
Waller, 2002). Inbreeding depression is accounted in captive, laboratory
and wild populations (Ralls et al.,, 1979; Crnokrak and Roff, 1999; Wright et
al., 2008). It is also recognized as an important factor in determining the
fitness of small populations (Kalinowski and Hedrick, 1999).

Inbreeding also increases the frequency of genotypes homozygous for
deleterious alleles, resulting in selection against these alleles, thus purging
the genetic load. Purging results in an increase of fitness of a population
under random mating with a balance between mutation and selection
(Hedrick, 1994). Purging has been studied in a number of species.
Frankham et al. (2001) cited the works of Ballou (1997) which observed
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small effects of purging in captive mammals, and Visscher et al. in 2001,
which revealed purging in a small feral population of Chilligham cattle in
England.

To date, no published reportis available on the genetic diversity and the
occurrence of inbreeding depression and purging in a captive population of
the North Persian leopard (Panthera pardus saxicolor Linnaeus). This
species is commonly found in the wild range in the Middle East and is
declared as endangered by the International Union for the Conservation of
Nature (Khorrozygan, 2008). Information on genetic diversity and the
occurrence of inbreeding depression and purging of genetic load in the
population of interest is important in assessing vulnerability to extinction
and the degree of genetic variation loss.

This paper presents the effect of inbreeding to fitness traits (survival at
days 7,30 and 90 — weaning age) and the possible occurrence of purging in
North Persian leopards kept and documented in 170 zoos worldwide
withinthelast55 years.

MATERIALS AND METHODS
Data

The data used and analyzed in this study were obtained from the
studbook records of the North Persian leopard in SPARKS (Single
Population Analysis and Records Keeping System) format. The studbook is
maintained by a studbook keeper of Association of Zoo and Aquaria (AZA)
which coordinates with the World Association of Zoos and Aquariums
(WAZA) and other AZA regional Studbook. Identity number of the
individual, sire and dam; sex; birth date; death date or date indicating the
last update of the individual in the studbook; parity number; location of
birth (zoo) and litter size were the important information used during the
analyses.

Classical inbreeding coefficient
The classical inbreeding coefficient (f) is the probability that the two

alleles in homologous loci of an individual are identical by descent from a
common ancestor of the parents. Therefore, f indicates the relationship
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between the parents of the individual. This coefficient is used to examine
the general effect of inbreeding on the traits of interest. The individual's
classical inbreeding coefficient was calculated using the GRain program in
the PEDIG software package (Boichard, 2002).

General linear mixed models

A general linear mixed model was used to evaluate the effect of inbreeding
on fitness traits (individual and litter survival, and litter size). Survival
traits include neonatal survival up to 7 and 30 days of age, and survival to
weaning age at 90 days. Survival up to 30 days is included in the analyses to
have additional mortality records. Survival is computed based on the date
ofbirth of the individual up to the death date.

Individuals were coded as either not surviving (0) or surviving (1) atan
age of 7 or 30 days, or at the weaning age of 90 days. A litter was coded as
surviving (1) if more than 50% of the individuals within it survived;
otherwise, it was coded as not surviving (0). Individuals with missing
death dates and no update information were excluded from the analyses.

Parity numbers beyond 10 were clustered to 10. Birth type, which
refers to the litter size, was coded as 3 when the litter size is more than 3 for
the analyses of the individual/litter survival.

The survival traits were considered binary, while litter size was
regarded as normally distributed. Data restrictions were made based on
fitness trait analyzed and the number of observations per zoo-year
combination. Zoo-years with only one observation were excluded from the
analyses for all survival traits. A dam within zoo-year effect was considered
a fixed effect for all the survival trait analyses, since the study is aiming not
to compare the performance of zoos with regard to survival of the
individuals. Fixed effects included in the analyses for the survival traits
were sex, parity number and birth type (litter size). For the analysis of litter
size, the dam was considered arandom effect. Fixed effect of sex is excluded
from the analyses of litter mortality, since no sex code for a litter is
applicable. Fixed effect of birth type is excluded in the analyses for litter
size.

Model 1 includes the individual, sire and dam classical inbreeding
coefficients for the survival trait analysis of the North Persianleopards
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u = uO + Bf * ﬁfsf; + ﬂfdf;{ + BSexseX + ﬁParity#Parity# + ﬁBirthType BlrthType

(1)
where u, logit transformation of a measure of fitness such as
mortality;
u, mean fitness of non-inbred animals;
f classical inbreeding coefficient of the individual/litter;
f. classical inbreeding coefficient of the sire;
fi classicalinbreeding coefficient of the dam;

Sex sex ofthe individual;

Parity# parity number (1-10);

BirthType litter size to which the individual belongs to (1-3)

By B B Bsew Brarys @aNA Py, are the regression coefficients
associated with f, f,, f,, Sex, Parity# and BirthType

The effect of individual, sire and dam classical inbreeding coefficients
to survival traits of captive North Persian leopards was analyzed with the
SAS procedure GLIMMIX (v. 9.2 Statistical Analysis Systems Institute Inc.,
Cary, NC), while their influence on litter size was analyzed with the SAS
procedure MIXED (v.9.2 Statistical Analysis Systems Institute Inc.).

Mortality risk at 7 days, 30 and 90 (weaning age)

The mortality risk of an individual or litter at days 7, 30 and 90 at a
certain level of inbreeding was calculated based on the formula below

exp(intercept + parameter estimate x)

T(x)=

1+ exp(intercept + parameter estimate x)

Where 7 (x) indicates the probability of mortality of an individual or
litter, and x, the level of inbreeding. Probabilities of mortality with the
categorical traits were based on the least square means obtained from the
output of the SAS procedure GLIMMIX using option ilink.

Litter size

The degree of inbreeding effects on litter size was calculated based
on the least square estimates from the output of the SAS procedure
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MIXED, with regression coefficients showing an increase or decrease in
number of cubs per 10% increase in inbreeding. The following model

was used: y;, = i+ pn, + bfi + b.f, + bfi+ d, + g, (2)
where y,, litter size of litter i;
u the overall mean

pn the parity numberj (j = 1-10);
fif. fi inbreeding coefficients for litter, sire and dam;
b refers to the corresponding linear regression

coefficients;
d, random effect of dam k;
£ random residual error.
RESULTS AND DISCUSSION

The features of the North Persian leopard studbook record is shown in
Table 1. Individual/litter, dam and sire inbreeding coefficients, sex, parity
number and birth type where included in the general linear mixed model
for the analysis of individual/litter mortality risk at days 7, 30 and 90
(weaning age). Litter, dam and sire inbreeding coefficients and parity
number are included in the analysis of the relationship of inbreeding and
litter size.

Table 1. Pedigree characteristics of the North Persian leopard (1955-2008)

No. of animals in the pedigree 639
No. of living animals 144 (22.54%)
No. of males 272 (42.47%)
No. of females 275 (43.04%)
No. of sires with offspring 84 (13.14%)
No. of dams with offspring 89 (13.92%)
No. of litters or parities 339
Litter size, mean 1.81 (1-5, S.D.=0.80)
Parity number, mean & range 3.20 (1-11, S.D.=2.20)
Pedigree record period 1955-2008 (53 years)
No. of zoos” with the species 170
*Stillbirths included

**Association of Zoo and Aquaria (AZA)-Accredited Zoos
Figures in parentheses is the percentage of animals in relation to the total
population of North Persian leopards registered in the studbook
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Mortality risk at 7 days, 30 and 90 (weaning age)

To analyze the effect of inbreeding as well as purging in the captive
population of North Persian leopards, classical inbreeding coefficients of
individual/litter, sire and dam were included in the general linear mixed
model analyses for the mortality riskatdays 7, 30 and 90 (weaning age).
The mean, standard deviation and range of the individual/litter, sire and
dam classical inbreeding coefficients of the North Persian leopard are
presented in Table 2. Approximately 70% of the individuals (448 out of
639) and litters (247 out of 353) were inbred. The lowest classical
inbreeding coefficient ofinbred individuals was almost 0.25 (0.2497).

Table 2. Classical inbreeding coefficients (f) of individual/litter, sire and dam.

Mean Stal.lda.lrd Minimum Maximum
deviation
Individual 0.1293 0.1143 0.0000 0.3975
Litter 0.1260 0.1136 0.0000 0.3975
Sire 0.0741 0.1063 0.0000 0.3690
Dam 0.0593 0.0971 0.0000 0.3012

Figure 1 shows the relationship of classical inbreeding coefficients and
mortality risk at days 7, 30 and 90 (weaning age). The dam classical
inbreeding has a significant effect on mortality (a-level 0.10), while
individual classical inbreeding was only significant in survival at days 30
and 90. The sire classical inbreeding coefficient is not significant in all
survivability analyses. The classical inbreeding coefficients of the
individual and dam have opposite effects on the survival of the individual.

In the litter survival analyses, results showed that only the dam
classical inbreeding coefficient was significant in mortality at days 7 (p <
0.05),30 (p<0.05) and 90 (p < 0.10) (Figure 2), indicating that as the dam
classical inbreeding coefficient increases, mortality risk of the litter
decreases, which means that the chances of survival of the litter is higher
when the dam is inbred. On the other hand, increase of litter classical
inbreeding coefficient points into another direction. As litter classical
inbreeding coefficient increases, mortality risk increases. However, the
effect of litter classical inbreeding coefficient was not significant in any
analyses.
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Figure 1. Mortality risk of an individual at days 7, 30 and 90 (weaning age) with classical
inbreeding coefficients (f) ofindividual, sire and dam.

0.50
0.45
0.40
0.35

0.30

0.25

0.20

Mortality risk

0.15

0.10

0.05
0.00

0 005 01 015 02 025 03 035 04

Total inbreeding coefficient, f

classical inbreeding coefficients (f) oflitter, sire and dam.

'p<0.10,p<0.05,p<0.01, "p<0.001.

f,=inbreeding coefficient of the litter; f, = inbreeding coefficient of the sire; f, = inbreeding coefficient
ofthe dam; d7 =day 7; d30 =day 30; and d90 = day 90.

Figure 2. Mortality risk of litter at days 7, 30 and 90 (weaning age) with classical inbreeding
coefficients (f) oflitter, sire and dam.
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The results indicated that inbreeding due to individual/litter, sire or
dam has different effects on the individual/litter survival. Individual
inbreeding influences the survival at days 30 and 90 (weaning age). Cassell
et al, (2003) mentioned reduced fitness such as survival results from
increasing inbreeding coefficient. The decrease in survival in relation to
inbreeding could be due to an increase in homozygosity of deleterious
alleles, resulting in inbreeding depression (Crnokrak and Roff, 1999; Read
and Harvey, 1986; and Wright et al, 2008). Inbreeding depression refers to
the decrease in fitness such as survival of inbred individuals (Leberg and
Firmin, 2008). Studies performed in the wild and in captivity showed that
inbred offspring are less likely to survive than non-inbreeds (Bales et al,
2001; Brown and Brown, 1998; Packer and Pusey, 1993; Rallsetal., 1979).

Inbreeding of the dam has a significant effect on survival trait (survival
at days 7, 30 and 90), which could be an indication of purging, in which, as
dam inbreeding increases, the probability of individual and litter mortality
also decreases. Ballou (1997) detected a positive effect of dam inbreeding
in European bison (Bison bonasus), while Lacy et al. (1996) and Margulis
(1998) observed a positive effect of dam inbreeding in the viability of
oldfield mouse (Peromyscus polionotus). Margulis (1998) considered that
inbred dams have improved maternal behaviour, which contributed to the
increased survival of the litter, but reproductive success is reduced.
Moreover, it was also found out that inbred females will more likely
experience pseudopregnancy, which is due to extended luteal phase and
increased progesterone levels (Margulis, 1998). The increase in
progesterone levels enhances the manifestation of maternal behaviour,
which favors survival of the offspring (Dwyer, 2008). Nevertheless, the
result in this study is in contrast with the findings of Boakes et al. (2006)
with the 119 zoo populations where maternal inbreeding has a negative
effecton fitness.

Litersize

The relationship of litter, sire and dam inbreeding on litter size was
evaluated with linear mixed model analyses. The following sections discuss
theresults of the analyses.

The effect of classical inbreeding of litter, sire and dam on litter size is
illustrated in Figure 3. Increased inbreeding of litter and sire has a slight
positive or no effect on the litter size. However, only the classical inbreeding
of the dam has a significant negative effect on litter size. Maternal
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inbreeding had a negative effect on litter size (p < 0.10). Studies of Lacy et
al. (1996) on oldfield mice and Beresken et al. (1968) on pigs also showed
inbreeding depression in the form of decreased litter size from inbred
dams. The inbreeding depression in the litter size associated with dam
inbreeding can be due to the effect of the dam inbreeding on embryo
survival in early gestation (Cassell et al, 2003). McCarthy (1967) in his
study with mice associated the decrease in litter size with areduction in the
number of eggs ovulated and increase in preimplantation mortality in
inbred mothers. Rodrigafiez et al. (1998) also mentioned that litter size is
determined by the genotype ofthe dam and not the litter. Van Avendok et al.
(1996) also revealed the presence of maternal genetic influence on piglet
survival. Maternal effects on the litter could be considered environmental
to the offspring but can have both genetic and environmental components.
Furthermore, Periparto et al. (2002) in their study identified two
quantitative trait loci that were affecting maternal performance such as
nest building, pup grooming, lactation and aggression towards intruders
which are essential for the survival of the offspring.

0.15
0.10
0.05
0.00
-0.05 +
-0.10 +
-0.15
-0.20
-0.25 +
-0.30
-0.35 +
-0.40
-0.45
0.00 0.05 010 0.15 020 025 030 035 040

Total inbreeding coefficient

—— f|

g 5

—a— fd*

Change in litter size

'p<0.10,"p<0.05,"" p<0.01,"p<0.001.
f,=inbreeding coefficient of the litter; f, = inbreeding coefficient of the sire; f, = inbreeding coefficient of the dam.

Figure 3. The effect of classical inbreeding of litter, sire and dam on litter size.
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Effects of sex, parity number and size

Effects of sex of the individual and parity number were found to be
insignificant on the survival of individual or litter in contrast to birth type
(p <0.10). Birth type in this study is defined as the size of the litter to which
the individual belongs to. The average litter size in North Persian leopards
is 2.40 (S.D. = 0.71). Figure 4 shows the distribution of birth types and the
type of rearing provided. Singles have higher a probability (0.51-0.55) of
mortality compared to twins and triplets, with probabilities ranging from
0.22 to 0.32 and from 0.25 to 0.27, respectively. However, it was not
evaluated if the difference between birth types is significant, since it is
beyond the scope of the study. Approximately, 43.85% of the population
was born with atwin, 33.75% as triplets or more and 22.40% as singles.
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CONCLUSIONS

Inbreeding depression is apparent with an increased mortality risk up
to days 7, 30 and 90 (weaning age) after birth as the individual/litter
classical inbreeding coefficient increases. Furthermore, the decrease in
litter size is significantly associated with increasing litter and dam
inbreeding. Purging could be presumed present when the increasing dam
classical inbreeding coefficient is significantly associated with the increase
in the chances of individual/litter survival. Conversely, this increase in
survival could also be associated with improved zoo management.

This study shows that fitness traits will have different responses to
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various inbreeding levels, considering that they are influenced by many
alleles. The use of molecular methods is suggested to validate the genetic
diversity and inbreeding level of the target population.

Furthermore, the unpredictable response of traits to inbreeding
should be considered in designing breeding programs for captive
populations in order to maximize genetic diversity and minimize the rate
ofinbreeding, thus, prevent the extinction of this species.
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