
Introduction

The Black Slavonian pig is a Croatian autochtho-
nous breed developed at the end of the 19th century.
Until the middle of 20th century this breed was the most
widespread pig breed in the country. However, due to
the introduction of modern breeds the Black Slavonian
breed became less and less used up to the point of fa-
cing extinction in the middle of 1990s when the num-
ber of animals was reduced to only 60 sows and five
boars (Uremovic et al., 2000). Since the year 1996 po-
pulation of Black Slavonian pigs started to increase,
primarily due to state subsidies and the efforts of in-
dividual pig breeders. Pigs of this breed are traditio-
nally kept in outdoor system and its meat is used for
the production of local dry meat products of high qua-
lity like “Slavonian kulen” sausage (Karolyi et al.,
2008). During this period animal performance databa-

se for reproduction traits of Black Slavonian pigs was
established to provide information for management
and selection. Namely, litter size of Black Slavonian
pigs is lower compared to the modern pig breeds, on
average six to seven piglets are born alive (Sencic et
al., 2001). The increase of litter size of Black Slavo-
nian breed is crucial for the market-oriented produc-
tion of sufficient amounts of quality meat products. In
the last few years, population of Black Slavonian pigs
increased to more than 800 sows and 100 boars (Croa-
tian Agricultural Agency, 2012), which opens a possi-
bility to renew breeding programme for this local breed
and to determine genetic parameters for litter size as
one of the most important traits in pig breeding.

Knowledge of genetic parameters for litter size in
pigs is necessary to estimate accurate breeding values,
to optimize breeding schemes, and to predict respon-
se to selection (Roehe & Kennedy, 1995). There are
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several approaches regarding the method for genetic
evaluation of litter size. They mainly depend on gene-
tic correlations between litter size in subsequent pari-
ties, size of data set, capacity of computing etc. Due
to simplicity many pig breeding organizations use re-
peatability model for the estimation of breeding va-
lues for litter size (e.g., Alfonso et al., 1997; Noguera
et al., 1998). A repeatability model assumes that ge-
netic correlations between litter size in subsequent pa-
rities are equal to one and that the variance is constant
along this trajectory. On the other hand, multiple trait
analysis supposes subsequent observations to be diffe-
rent traits. Estimates of genetic correlations between
litter sizes in different parities are often lower than one
(Alfonso et al., 1994; Irgang et al., 1994), especially
between the f irst and later parities (Serenius et al.,
2003). The low correlations between parities indicate
that partly different genes are responsible for litter si-
ze in different parities. Therefore, multiple trait analy-
sis is preferred in such situation in order to increase
the efficiency of selection. Beside a simple repeatabi-
lity model and a full multiple trait model, a possible
approach of handling repeated observations would be
to use covariance functions and random regression
(RR) model. Main advantages of the RR approach in
comparison to the multiple trait approach are: smaller
number of parameters to describe the longitudinal pro-
cess, smoother covariance estimates, as well as a possi-
bility to estimate covariance components and predict
breeding values at any point along the trajectory. Litter
size in pigs is a repeated measure and could also 
be considered as a longitudinal trait (Schaeffer & 
Dekkers, 1994). Although litter size differs from typi-
cal longitudinal traits such as growth, primarily becau-
se parity order is not a continuous variable, RR could
be also applied for the genetic evaluations (Lukovic et
al., 2004; Schaeffer, 2004).

The objective of this study was to estimate genetic
parameters for litter size of Black Slavonian pigs using
different approaches, such as repeatability, multiple
trait, and random regression models, and to consider
possibility to increase litter size in Black Slavonian
pigs by selection.

Material and methods

Data for this study were obtained from the Croatian
Agricultural Agency. Litter records from the first to
the sixth parity from sows that farrowed between Ja-

nuary 1998 and December 2010 were included in the
analysis. Litter size was presented as the number of pi-
glets born alive (NBA). In preliminary analysis of pe-
digree around 10% of records were deleted due to in-
consistencies (bisexual animals, wrong identification,
etc.). Beside the identification number of a sow and
NBA, individual record consisted of the following va-
riables: breeding organisation (eight regions), parity
(1-6), service boar, and farrowing season (month-
year interaction). All months with less than f ive re-
cords were joined to next closest month, while boars
with less than five litters were joined in one group se-
parately by region. After data editing, there were 132
seasons, and 164 service boars, and a total of 4,733 litter
records (Table 1).

Average NBA was 6.12 piglets with minimum in the
first parity of 5.77 piglets and maximum in the fourth
parity of 6.42 piglets with slightly higher variation in
parities with higher means. The distribution of NBA
by litters showed that the majority of sows (> 60%) fa-
rrowed between five and seven piglets born alive. Fur-
ther, more than nine piglets born alive was recorded in
less than 5% of all litters.

Litter records were obtained from 1,649 animals
with 2.9 litters per sow (Table 2). The number of sows
with complete records of all six parities was 272 which
comprised 16% of the observed population. The pedi-
gree file was prepared for three generations and inclu-
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Table 1. Basic statistics for the number of piglets born ali-
ve by parity

Parity
No. of

Min Max Mean SD
records

1 1,446 1 16 5.77 1.69
2 1,075 1 13 6.29 1.69
3 831 1 15 6.23 1.74
4 569 1 14 6.42 1.85
5 455 1 11 6.18 1.58
6 357 1 13 6.23 1.70

Total 4,733 1 16 6.12 1.72

Table 2. Data and pedigree structure

Item Data Item Pedigree

No. of litters 4,733 No. of sires 179
No. of animals 1,649 No. of dams 581
Litters per animal 2.9 No. of animals per sire 11.3
No. of animals with 272 No. of animals per dam 3.5
all 6 parities



ded 1862 triplets of animal, sire and dam with 179 si-
res and 581 dams. Proportion of inbred animals in da-
ta set was 3%.

The choice of the fixed part of the model for NBA
was based on significance, proportion of variation ex-
plained by effects, as well as the simplicity and inter-
pretation of a model. Significance was tested at the le-
vel of p < 0.05 using the GLM procedure (SAS Inst.
Inc., 2001). Preliminary analysis using the repeatabi-
lity model showed that following fixed effects should
be included in the statistical model for NBA: farro-
wing season as year-month interaction, service boar,
and parity. Three classes were considered for parity 
effect: the f irst for parity one, the second for parity
two, and the third for the later parities. The following
repeatability model was used:

, [1]

where yijkl is NBA, Si farrowing season, Bj ser-
viceboar, pk parity, pil permanent environmental 
effect, and ail additive genetic effect, and eijkl residual
term. In the matrix notation repeatability model can
be written as:

, [2]

where y is a vector of observations, X is incidence ma-
trix for fixed effects, β is a vector of unknown para-
meters for fixed effects, Zp and Za are incidence ma-
trices for permanent environmental and additive
genetic effect, p and a are the corresponding vectors
of parameters for random effects, and vector e presents
residual. The following covariance structure was assu-
med:

, [3]

where A is the numerator relationship matrix, while Ip

and Ie are identity matrices. Covariances between ran-
dom effects were assumed to be zero.

The multiple trait (MT) analysis was performed in
two ways. First, litter records by parity were treated as
different traits resulting in the six-trait model [4],
which implies that the model consisted only of additi-
ve genetic effect as a random effect. The appropriate
MT model was:

, [4]

with the following covariance structure:

, [5]

where G0 is a matrix of additive genetic covariances
for NBA between parities and R0i is a diagonal matrix
of parity class specific residual variances for animal
i. Residuals within and between animals were assumed
independent. Second, litter records were grouped in
three classes: the first parity, the second parity, and the
third and later parities. The model for the third group
of parities had permanent environmental effect inclu-
ded as in the repeatability model [1] but the whole mo-
del was treated as MT model [4].

The following RR model with different order of Le-
gendre polynomials was fitted:

, [6]

The set of fixed effects used in the RR model analy-
sis included the same effects as for the repeatability
model [1]. Permanent environmental effect of a sow
(s = 1) and direct additive genetic effect (s = 2) were
fitted as random regressions on parity using Legendre
polynomials (LG). Legendre polynomials from linear
(LG1) with two terms to cubic (LG3) with four terms
were fitted. Covariate in LG was standardized parity
with a range from –1 to +1:

, [7]

where pmin is the first parity and the pmax sixth parity.
The RR model in matrix notation is the same as [2],
however the list of unknown parameters and corres-
ponding assumptions for random effects differs:

, [8]

where K0p and K0a are covariance matrices between ran-
dom regression coefficients for the permanent envi-
ronmental effects and additive genetic effects, respec-
tively. From the estimates of K0a additive genetic
covariances for NBA between parities Ca were calcu-
lated as:

, [9]

where Φ is a matrix of covariates for Legendre poly-
nomials on standardized parities.
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Estimation of all the covariance components with
three different models was based on the residual ma-
ximum likelihood method using the VCE-5 software
package (Kovac et al., 2002).

Results

Estimates of variance components and their ratios
of phenotypic variance using a repeatability model are
shown in Table 3. Total phenotypic variance as a sum
of all estimated variance components was 2.39, whe-
reas permanent environmental variance was 0.04 and
additive genetic variance was 0.23. Ratio of perma-
nent environmental effect of phenotypic variance was
only 0.02, while heritability was 0.10.

Additive genetic and phenotypic correlations for
NBA among the first six parities estimated using the
MT analysis are presented in Table 4. Phenotypic cor-
relations between different parities were generally low
(< 0.40), in particular between the first and other pa-
rities (< 0.13) and between any parity and the last two
(the fifth and sixth) parities. The highest phenotypic
correlations were between the second, third, and fourth
parity. Genetic correlations between the adjacent pa-
rities were higher and ranged between 0.01 and 0.96.

The highest values were observed among the pairs of
the first four subsequent parities and remarkably lo-
wer for last two parities. Pattern of decrease of gene-
tic correlation along the distance between parities was
not smooth, due to oscillations for some pairs of pari-
ties.

Estimates of variance components and ratios of phe-
notypic variance by parities are presented in Table 5.
Total phenotypic variance as a sum of all variance com-
ponents by parities ranged between 1.59 and 2.35, with
the increasing values up to the third parity and decrea-
sing values afterwards. Direct additive genetic varian-
ces ranged between 0.06 in the first parity and 0.48 in
the third parity with heritabilities between 0.03 in the
first parity and 0.21 in the third parity. Similar trends
were observed for the estimates of variance compo-
nents and ratios of phenotypic variance by parities with
the third and later parities grouped (Table 6). How-
ever, additive genetic variances and heritabilities ten-
ded to be lower with this analysis. Similar trends we-
re observed also with the analysis of the first parity
and the second and later parities grouped (results not
shown). Additionally, using the second approach esti-
mation of permanent environmental effect was obtai-
ned as very small proportions in the phenotypic va-
riance.
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Table 3. Estimates of variances and ratios of phenotypic variance with standard errors of es-
timates for NBA using the repeatability model

σ2
ph σ2

p σ2
a σ2

e

Variances 2.39 0.04 ± 0.02 0.23 ± 0.03 2.12 ± 0.02

p2 h2 e2

Ratio of the phenotypic variance 0.02 ± 0.02 0.10 ± 0.02 0.88 ± 0.01

σ2
ph: phenotypic variance. σ2

p: variance of permanent environmental effect. σ2
a: additive genetic va-

riance. σ2
e: residual error variance. p2: ratio of permanent environmental effect. h2: heritability. e2:

ratio of residual error variance.

Table 4. Estimates of phenotypic (above diagonal) and additive genetic correlations (below diagonal) using the multiple trait
analysis

Parity
Parity

1 2 3 4 5 6

1 0.12 ± 0.04 0.03 ± 0.03 0.12 ± 0.09 0.08 ± 0.02 0.03 ± 0.09
2 0.74 ± 0.15 0.38 ± 0.13 0.39 ± 0.10 0.11 ± 0.17 0.17 ± 0.09
3 0.20 ± 0.25 0.80 ± 0.09 0.25 ± 0.04 0.04 ± 0.05 0.18 ± 0.04
4 0.88 ± 0.14 0.96 ± 0.06 0.63 ± 0.18 0.15 ± 0.04 0.12 ± 0.03
5 0.90 ± 0.29 0.42 ± 0.30 0.16 ± 0.26 0.09 ± 0.24 0.00 ± 0.03
6 0.40 ± 0.37 0.91 ± 0.14 0.96 ± 0.17 0.01 ± 0.24 0.05 ± 0.53



Random regression models were fitted with Legen-
dre polynomials up to the third order (from LG1 to
LG3). Modelling the variance of the permanent effect
along the trajectory of parities did not show conside-
rable partitioning of variability into different compo-
nents of individual production curves as described by
the analysis of eigenvalues (Table 7). Namely, the 
zero-th term explained 99% of variability with the LG1
model and 96% of variability with the LG2 model.
Only with the LG3 model 27% of variance of perma-
nent environmental effects along the parity trajectory
was explained by the first term describing the varia-
tion in the slopes of individual production curves of
sows. Further two terms did not account for a signifi-
cant amount of variation. For the additive genetic 

effect fitting the LG1 model resulted in 65% of varia-
bility explained by the zero-th term describing the le-
vel of individual production curves, while the first term
explained 35% of variability describing the slope of
individual production curves (Table 7). With further
partitioning using the model LG2 and LG3 the amount
of variation due to the first term remained practically
constant, while the second and the third term descri-
bing the shape of individual production curves incre-
ased on the account of the decrease in the explained
variability by the zero-th term.

Estimates of phenotypic correlations with the RR
model (Table 8) were in agreement with the results ob-
tained with the MT model. They ranged between 0.12
and 0.16 for all pairs of subsequent parities. Decrea-
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Table 5. Estimates of variance components and ratios of phenotypic variance with standard
errors for number of piglets born alive (NBA) using the multiple trait analysis

Parity σ2
ph σ2

a σ2
e h2 e2

1 2.05 0.05 ± 0.02 1.99 ± 0.03 0.03 ± 0.01 0.97 ± 0.01
2 2.35 0.48 ± 0.05 1.87 ± 0.05 0.20 ± 0.03 0.79 ± 0.03
3 2.15 0.46 ± 0.07 1.69 ± 0.06 0.21 ± 0.05 0.78 ± 0.05
4 1.98 0.34 ± 0.05 1.64 ± 0.06 0.17 ± 0.05 0.82 ± 0.05
5 1.60 0.14 ± 0.07 1.45 ± 0.07 0.09 ± 0.06 0.90 ± 0.06
6 1.59 0.07 ± 0.03 1.51 ± 0.06 0.04 ± 0.03 0.95 ± 0.03

σ2
ph: phenotypic variance. σ2

a: additive genetic variance. σ2
e: residual error variance. h2: heritability.

e2: ratio of residual error variance.

Table 6. Estimates of variance components and ratios of phenotypic variance for number of piglets born alive (NBA) using
the multiple trait analysis with the third and later parities grouped on one class

Parity σ2
ph σ2

p σ2
a σ2

e h2 p2 e2

1 2.05 — 0.03 ± 0.01 2.01 ± 0.05 0.02 ± 0.01 — 0.98 ± 0.02
2 2.32 — 0.38 ± 0.07 1.95 ± 0.06 0.16 ± 0.05 — 0.84 ± 0.05
3+ 2.16 0.01 ± 0.02 0.12 ± 0.02 2.03 ± 0.03 0.05 ± 0.02 0.01 ± 0.02 0.94 ± 0.02

σ2
ph: phenotypic variance. σ2

p: variance of permanent environmental effect. σ2
a: additive genetic variance. σ2

e: residual error varian-
ce. h2: heritability. p2: ratio of permanent environmental effect. e2: ratio of residual error variance.

Table 7. Eigenvalues for permanent environmental and additive genetic effect (with the ratio
of sum of eigenvalues in parentheses) of estimated covariance matrices of random regression
coefficients with the Legendre polynomials of different order (LG1-LG3)

Random LG Eigenvalues

effect order 0th 1st 2nd 3rd

Permanent LG1 0.14 (0.99) 0.01 (0.01) 0.00 (0.00)
LG2 0.31 (0.96) 0.01 (0.04) 0.00 (0.00)
LG3 0.34 (0.73) 0.12 (0.27) 0.01 (0.00) 0.00 (0.00)

Genetic LG1 0.31 (0.65) 0.17 (0.35)
LG2 0.22 (0.47) 0.16 (0.34) 0.09 (0.19)
LG3 0.20 (0.42) 0.17 (0.35) 0.09 (0.18) 0.02 (0.05)



sing tendency of phenotypic correlations with the in-
creasing distance between parities was also similar as
in the MT model. For the additive genetic effect corre-
lations between parities were also similar to the MT mo-
del, although the genetic correlations changed more
smoothly with the increasing distance when using the
RR model. Between the subsequent parities genetic co-
rrelations ranged from 0.74 to 0.99. The smallest genetic
correlations were between the first and the higher parities.

Estimates of variances as well as ratios of the phe-
notypic variance for random effects obtained with the
RR model (Table 9) were generally in agreement with
the estimates obtained using the MT model (Table 5).
Estimates of permanent environmental variance ran-
ged between 0.04 and 0.24 and were higher than with
the repeatability model, except in the first and the sixth
(last) parity. Estimates of additive genetic variance
with the RR model differed the most from estimates
from other models, with considerably higher values in
the first and the sixth parity and lower values for the
intermediate parities in comparison to the MT model.
Estimate of residual variance was lower with the RR
model for the first parity than with the MT model, whi-
le they were larger for later parities, with higher diffe-
rences for the second, third, and fourth parity.

Discussion

Estimate of phenotypic variance for NBA using the
repeatability model was lower (2.39) than many esti-
mates obtained in the analysis of modern pig genoty-
pes (e.g., Ferraz & Johnson, 1993; Crump et al., 1997;
Hanenberg et al., 2001; Chen et al., 2003). Generally
smaller litters characteristic for local pig breeds, as well
as piglet losses during the first few days after farro-
wing reduce the phenotypic variance for NBA (Kaplon
et al., 1991). Recording procedure where piglets are
counted few days after farrowing at pig family farms
additionally reduce phenotypic variance for NBA. 
Although, late recording reduces phenotypic variation,
it can also be interesting alternative to improve litter
size at weaning and piglet survival (Su et al., 2007).
The f irst step in achieving higher litter size for this
breed should be to ensure adequate production condi-
tions, such as good health status of herds, and to over-
come other problems related with extensive produc-
tion systems. Moreover, small populations are often
characterised by high level of inbreeding. However, in-
crease of population of Black Slavonian pig in recent
years caused decline in proportion of inbreed animals
(Uremovic et al., 2000), which is confirmed by low
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Table 8. Estimates of phenotypic (above diagonal) and additive genetic correlations (below
diagonal) using the random regression model with LG2

Parity
Parity

1 2 3 4 5 6

1 0.14 0.04 0.00 0.00 0.05
2 0.88 0.12 0.09 0.07 0.02
3 0.79 0.98 0.15 0.12 0.02
4 0.70 0.96 0.99 0.15 0.06
5 0.53 0.87 0.94 0.94 0.16
6 0.18 0.32 0.46 0.58 0.74

Table 9. Estimates of variance components and ratios of phenotypic variance for number of
piglets born alive (NBA) using the random regression model with LG2

Parity σ2
ph σ2

p σ2
a σ2

e h2 p2 e2

1 2.46 0.04 0.65 1.77 0.26 0.02 0.72
2 2.45 0.15 0.18 2.12 0.07 0.06 0.87
3 2.47 0.24 0.14 2.09 0.06 0.10 0.85
4 2.47 0.23 0.16 2.07 0.07 0.09 0.84
5 1.91 0.14 0.21 1.57 0.11 0.07 0.82
6 2.16 0.05 0.53 1.58 0.25 0.02 0.73

σ2
ph: phenotypic variance. σ2

p: variance of permanent environmental effect. σ2
a: additive genetic 

variance. σ2
e: residual error variance. h2: heritability. p2: ratio of permanent environmental effect.

e2: ratio of residual error variance.



proportion (3%) of inbreed animals in our data set.
Such a low value of inbreeding should be considered
with caution due to partial knowledge of the pedigree.
On the other hand, considerable increase of inbreeding
might be expected if selection using animal model wit-
hout restrictions is performed. Additional efforts through
creation of mating schemes are necessary to maintain
and increase the size of the population in order to avoid
increase in the level of inbreeding.

Permanent environmental effect is a characteristic
of each individual sow and the accuracy of estimating
this effect depends on the number of litters per sows
obtained. Estimate of permanent environmental va-
riance was generally small in this study when using the
repeatability model and in the first and the last parity
when using the RR model. Chen et al. (2003) estima-
ted the ratio of permanent environmental effect between
0.06 and 0.08, while even higher ratios (between 0.16
and 0.17) were obtained in the study of Ferraz & 
Johnson (1993).

Estimate of additive genetic effect using the repea-
tability model in this study (0.23) was twice lower than
those estimated in study by Chen et al. (2003), but on
other hand heritability estimate of 0.10 is in agreement
with estimates obtained on modern pig genotypes 
(Haley et al., 1988; Rothschild & Bidanel, 1998). 
Smaller estimates of heritability than those found in
this study were found in some other local European
pig breeds, as Iberian or Cinta Senese pig (Pérez-
Enciso & Gianola, 1992; Crovetti et al., 2005).

Low genetic correlations between litter size in diffe-
rent parities indicates that phenotype records from 
different parities should be treated as different traits 
(Irgang et al., 1994; Roehe & Kennedy, 1995). Direct
additive genetic correlations obtained with MT analy-
sis for six traits are lower than in Hanenberg et al.
(2001), who reported an increase from 0.79 between
the first and the second parity to 0.96 between the fifth
and the sixth parity. Considerably lower values of 
additive genetic correlations between the pairs of the
last three parities in this study suggest the potential 
issue with the data structure to apply the MT model.
Possible reasons for such a low values for additive ge-
netic correlations between pairs of last parities might
be smaller amount of data in later parities and impre-
cise recording of parity order. Moreover, standard
errors were several times larger than estimated corre-
lations, indicating that additional efforts should be do-
ne in improving recording of parity order and increa-
sing number of records in later parities.

Heritability estimates from the second to the fourth
parity using the MT model were substantially higher
than the estimate obtained with the repeatability mo-
del. In some previous studies heritabilities obtai-
ned with the MT model were generally smaller than
with the repeatability model (Alfonso et al., 1997; 
Hanenberg et al., 2001). Small additive genetic varian-
ces and consequently low heritabilities were found in
this study in the first and the last parity. Lower herita-
bility estimated in the first parity with the MT model
is in line with the work of Roehe & Kennedy (1995).
Exceptionally high estimates of heritabilities in higher
parities were found by Kovac & Sadek-Pucnik (1997),
and they explained them as a consequence of numeri-
cal problems.

Random regression model provides a possibility of
modelling the change in variances along the trajectory.
To model only the variance in the level of NBA the re-
peatability model is sufficient. However, to model the
variance in the slope and the general shape of indivi-
dual production curves and their components RR mo-
dels can be used. In the case of substantial genetic va-
riation for the shape of production curve of litter size
over parities selection could be enforced not only on
the level but also on the shape of production curve 
(Lukovic et al., 2007). Fernández et al. (2008) applied
RR model and found substantial genetic variability for
the shape of production curves for litter size in Iberian
pigs making such selection possible.

The proportion of variance explained by the cons-
tant (zero-th) term for permanent environmental effect
in the RR model accounted almost all variability (96-
99%) using Legendre polynomials LG1 and LG2. Only
with using LG3 polynomial larger part of variation was
captured by the first component which determines the
slope of production curve for litter size. Results obtai-
ned for permanent environmental effect together with
the fact that very small variation of additive genetic
effect was explained with the LG3 model supports pre-
vious results from Lukovic et al. (2004) that LG2 with
three regression coefficients might be sufficient to ex-
plain majority of variation in individual production
curves. For this reason only results from the LG2 RR
model were presented in this study.

Estimates of phenotypic and additive genetic corre-
lations using the RR model with LG2 were smoother
in relation to MT, which is a general property of RR
models (Schaeffer, 2004). This is especially useful in
the case where MT analysis give doubtful results due
to worse data structure. However, with the RR model
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the estimates of variance components (especially for
the additive genetic variance) in this study showed op-
posite trends as with the MT model – much higher va-
lues in the first and the sixth parity than in the inter-
mediate parities. This suggests that RR model is not
adequate for application in the Black Slavonian pig po-
pulation based on the results using currently available
data. In order to improve data quality and enable the
use of more advanced statistical models, it is necessary
to overcome problems which are linked to extensive
production systems, such as imprecise recording of da-
ta (e.g. parity order). This could be achieved by increa-
sing a level of control of data collection and emphasi-
zing importance on data quality for results of the 
selection. Nevertheless, with the heritability of 0.10
obtained by repeatability model and high phenotypic
coefficient of variation, there is opportunity to carry
out successful selection for the litter size.

According to the practicality and computing requi-
rements of genetic evaluation of litter size in pigs the
repeatability model is the method of choice. With se-
veral measurements per animal, it requires less com-
putational efforts and smaller number of parameters
to estimate than the MT or RR models. However, if ge-
netic correlations between litter sizes in different pa-
rities are lower, MT analysis is preferred (Alfonso et
al., 1994). In such case RR model can be more robust
compared as MT models often require several runs
with different starting values to achieve convergence
(Lukovic et al., 2004). RR model needs substantially
less computing time to obtain comparable results to
MT model in the case of proper data structure. This
condition was not fulfilled in the analysis of Black Sla-
vonian breed and although the estimates of genetic and
phenotypic correlations were smoother the trend of
change of additive genetic variance deviates from ex-
pectations making the use of RR model in this dataset
questionable.

For estimation of genetic parameters of litter size in
pigs different methods can be used. With the assump-
tion of unit genetic correlations between parities and
constant variance along parities the repeatability mo-
del is the model of choice. In the situation when gene-
tic correlations between parities are lower, the multi-
ple trait model is suggested. Random regression model
can be used instead of the multiple trait model in such
cases to lower the number of parameters to estimate.
However, sufficient data with proper structure is needed
to apply random regression model and if this require-
ment is not met as is often the case with less numerous

local pig breeds, the best option is to use the repeata-
bility model. However, additional efforts should be ma-
de in order to improve data quality. Improved data qua-
lity with emphasis on precise recording would result
with more eff icient breeding programme for this 
breed. In this way, genetic improvement and economi-
cal effect might stimulate breeders to choose this par-
ticulate breed. Future steps might include obtaining
information about connectedness between herds and
breeding organisations included in breeding programme
for Black Slavonian pig.
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