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ABSTRACT : Growth data from 2033 individuals and carcass data
from 1386 individuals representing 3 Danish rabbit lines were analysed
to draw inferences on genetic parameters, using restricted maximum
likelihood (REML) procedures based on animal models. In the models,
birth year, season, line, parity, sex, flitter size at weaning and slaughter
age were treated as fixed effects, individual additive genetic and litter
were taken as random effects. Litter effects in proportion of phenotypic
variance were 0.60, 0.32 and 0.19 for daily gain during pre-weaning
(DG1.35), daily gain during the period from weaning to 90 days (DGag.00),
and daily gain during the whole period from birth to 90 days (DGy.g0),

respectively, and ranged from 0.08 to 0.17 for carcass traits. Heritability
- estimates were 0.16, 0.17, 0.31 for DG1.35, DG35.90, and DG1.90‘
respectively, and 0.17, 0.26, 0.10, 0.10 and 0.09 for carcass yield,
carcass length, back score, thigh score and fat score, respectively.
Genetic correlations between daily gains were positive and strong, and
genetic correlations between daily gains and carcass traits (except for
carcass yield) were favourable. Based on these estimates, selection for
DGi.90 would effectively improve not only growth rates during both pre-
weaning and during post-weaning periods but also carcass quality.

RESUME : Estimation des paramétres génétiques en utilisant le
modéle animal chez le lapin Danois Blanc : 1- croissance et
caractéristiques de la carcasse.

Les données concernant la croissance de 2033 lapins et les
caractéristiques de 1386 carcasses, représentant 3 lignées de lapins
Danois Blanc, ont été analysés pour mettre en évidence les paramétres
génétiques, en utilisant la procédure du maximum de vraisemblance
restreint (REML) basée sur le modéle animal. Dans les modéles
utilisés, l'année de naissance, la saison, la lignée, le numéro de portée,
le sexe, la taille de la portée au sevrage et I'dge & abattage ont été
traités comme effets fixes. L'effet génétique individuel additif et celui de
la portée ont été considérés comme effets aléatoires. Les effets dus a la
portée, rapportés a la variance phénotypique, sont de 0,60 - 0,32 et 0,19
pour le gain de poids journalier avant le sevrage (DGy.a5), pendant la

période allant du sevrage & 90 jours (DGas0) €t pendant la période
allant de la naissance & 80 jours (DG1.q0) respectivement. lls vont de
0,08 a 0,17 pour les caractéristiques de carcasse. Les estimations de
I'héritabilité sont de 0,16 - 0,17 et 0,31 pour DGi.35, DG3s.g0, €t DG1.00
respectivement. Elles sont respectivement de 0,17 - 0,26 - 0,10 - 0,10
et 0,09 pour le rendement et la longueur de la carcasse, ainsi que pour
les notes (de 1 a 5) correspondant la proportion de rable ou de cuisse et
pour la note d'adiposité (de 1 & 3). Les corrélations génétiques entre les
différentes vitesses de croissance sont positives et fortes (0,90 a 0,99).
Les corrélations génétiques entre les gains journaliers et les
caractéristiques de la carcasse (excepté pour le rendement & I'abattage)
sont favorables. Compte tenu de ces résultats, la sélection sur le gain
de poids DGig pourrait améliorer non seulement la vitesse de
croissance avant et aprés sevrage mais aussi la qualité de la carcasse.

INTRODUCTION

Like other meat animals, high juvenile growth rate
and carcass traits are often taken into consideration in a
selection program. Compared with most fapm animals,
information about genetic parameters in rabbits is
limited, especially those for carcass traits and their
relationship with growth traits.

The reliability and accuracy of estimates of genetic
parameters depend not only on number of animals and
family structure but also on statistical methods and
models used. Estimates based on dam components or
the regression of offspring on dam could be biased due
to common environmental and maternal effects. Even
estimates based on sire components may be biased when
some factors such as non-random mating and selection
are involved. Restricted maximum likelihood (REML)
(PATTERSON and THOMPSON, 1971) fitting an animal
model (Henderson, 1984) has been widely used in
estimation of (co)variance components. An animal
model incorporates all known relationship for the

individuals in data. Under certain conditions, the REML
estimate of additive genetic variance is free from
selection bias (HENDERSON, 1988).

The objectives of the present study are to provide
information about (co)variance components and
resulting  heritabilities as well as genetic and
environmental correlations for growth and carcass traits
in rabbits, using animal model based procedures.

MATERIALS AND METHODS

Rearing system and measurement of traits

Data were collected from the Skovvang rabbitry at
the Danish Institute of Agricultural Science (DIAS)
during 1995-1997. The population studied was
comprised of three lines. Two lines originated from a
mutual gene pool of the Danish White breed in 1977
and has been maintained without migration. The two
lines have followed almost the same breeding procedure,
involving selection of males for average daily gain from
weaning to slaughter age, but during 5 years was kept in
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an environment with ammonia

treated straw as litter while the carcass traits

Table 1 : Data structure, means and standard deviations for daily gains and

other line during the same

years was kept in an Traits Number Number Number Number Mean Std
. ) of sires of dams  of litters  of indiv.

environment with untreated
straw. The third line was g‘(’}ﬂy g(ai)" 2 o5 7 33

1- h 3 1-35(8 20 19.76 4.49
establis edl, n 5 1990 by DGi60 (8) 34 95 268 1762 3598 426
crossing  lne with an DG.00 (2) 34 95 268 1767 29.83 2.89
imported batch of males from Care

. . arcass
the Hungarian White breed. Yield (%) 34 95 252 1386 57.95 246
These lines have been used by~ Length (cm) 34 95 252 1386 36.56 123
Danish rabbit breeders to Back (score) 34 95 252 1386 3.25 0.77
improve their own stock. Thigh (score) 34 95 252 1386 3.41 0.76
Fat (score) 34 95 252 1386 2.01 0.64

Qn the day after kindling,
litters were examined and the
number of the young were
counted. The nest box was
placed beside the mother’s
cage. The does entered the nest box through a circular
opening and the young had no access to their mother’s
cage. On the 14™ day after kindling, the circular opening
was closed with a net, which was removed once a day
when the does entered the nest for suckling. The young
gained access to solid feed 14 days after birth.

At weaning, young were earmarked, weighed and
transferred to the rearing house and placed in cages
(450 cm®) made of electroplated welded wire net
containing up to 5 young rabbits each, which meant that
a litter was put into two cages. The compound feed used
was produced at the feed mill at DIAS and pelleted into
2 or 3 mm sized pellets. The 2 mm pellet was used until
weaning and the 3 mm pellets after weaning. In a
balance experiment (BORSTING et al., 1995), the
compound was found to contain 11.1 MJ of digestible
energy per kg feed and 18.6% crude protein.

Body weight was measured individually at weaning
and at the day when rabbits left for slaughter. The age
at weaning was approximately 35 days with 5 days
difference between the oldest and the youngest within
year, and the age when rabbits left for slaughter was
about 90 days with a range from 73 to 107 days,
dependent on the size of the rabbits and the facilities of
the rearing unit. Thus, daily gains during the pre-
weaning period (DG, .s), and from weaning to about 90
days (DGis.0), and during the whole period from birth
to about 90 days (DGi.) were calculated by the total
gain divided by the length (days) of the period. The
average birth weight (60 g) was taken into calculation
of daily gains. At slaughter, carcass yield was measured
as carcass weight including head divided by live weight
(dressing percentage); carcass length was measured as
the distance from atlas vertebra to the 7% lumbar
vertebra. The conformation and fleshiness of carcass
was subjectively evaluated by giving a score (1-5) for
the back and thigh cuts where a score of 5 was the best

birth to 90 days, respectively.
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® DGy.35, DGss.00 and DG;.g0: daily gain during the period from birth to 35 days, from 36 to 90 days and from

rating. The degree of fatness was evaluated into three
groups with score 3 for too much fat, score 2 for
moderate amount of fat and score 1 for low amount of
fat. Data for individual growth traits and carcass traits
were collected from 1995 to 1997. The data structure is
shown in Table 1.

Statistic methods
The basic model used to describe the component
effects of an individual observation was

y=Xb+Wc+Za+e

whére y is the vector of observations; X, W and Z are
the design matrices for b, ¢ and a, respectively; b is the
vector of fixed effects; ¢ is the vector of litter effects; a
is the vector of additive genetic effects; and e is the
vector of random residuals. The distributions of the
random effects were assumed as

a~N (0, Ac?), c~N(0,Lc?) and e~N (0, Lo.?)

respectively, where o2 c? and o©? are variance
components (scalars), and A is the numerator of
Wright's relationship matrix, and I is an identity matrix.
The a, ¢ and e were assumed to be independent from
each other.

For the analyses on growth traits, fixed effects in
the model comprised year, season at birth, line, sex and
parity as class variables with litter size at weaning as a
covariable. For carcass traits, fixed effects included
year, season at slaughter, line, sex and parity as class
variables with slaughter age and litter size at weaning as
covariables. Parities were grouped into three classes,
i.e., parity 1, parity 2, and parity 3 or over parity 3.
Seasons were consistent with the four seasons of year.
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Table 2 : Estimates of additive genetic variance (c,?), litter variance
(oc), residual variance (c.2), phenotypic variance (c,’), the ratio of
litter variance to phenotypic variance (c*) and heritability (h%) for daily

gains and carcass traits

slower than those from later parities
during pre-weaning. There was a
significant negative regression of
DG, .35 and DGyg on litter size at

weaning but not on DGagge. All

Traits oa’ o2 ce? sz 2 h? these factors accounted for 15% -
L 28% of overall variation. The
Daily gains .
DGss 2783 10.650 4312 1775 0.600%*  0.157 * effects of year, season, line, sex,
DGis.90 2.816 5.376 8.743 1693 0.318**  0.166** parity, litter size on the carcass
DGi.90 2.442 1.485 3.997 7.924  0.187**  (.308** traits were small though some of
g‘?‘fgss 0.633 0.978 4002 s613 0113 0174w them were statistically significant
L:lgth 0.268 0.400 0872 1540  0.174**  0.260** on some traits. On the other hand,
Back 0.042 0.053 0.449 0.543  0.077**  0.098** slaughter age has a large and
Thigh 0.055 0.054 0.457 0.566  0.098**  0.095%* positive effect on the carcass traits
Fat 0.034 0.036 0.342 0.412 0.083**  0.086** except for yicld. All these factors
+ P<0.05. * P<0.01 resgltgd in a reduction of overall
o o variation by 3% - 16%.
The estimates of variance
Variance and covariance components were components and their ratios to

analysed using bivariate (two traits) animal models. The
final estimates of variance components were calculated
as the average of the estimates over the three pairs of
combination for daily gains and over the ten pairs of
combinations for carcass traits. The analyses were
carried out using a restricted maximum likelihood
algorithm (REML) applying the package DMU
(JENSEN and MADSEN, 1993).

RESULTS

Means and standard deviations for each trait
are shown in Table 1. The daily gain during the
period from weaning to 90 days was almost twice
the daily gain during the pre-weaning period.
However, when calculated as relative growth rate
( Daily gain ,_,,

(BW, +BW,,)/2

pre-weaning was 2.36 times as high as that during post-
weaning. As a whole, growth was high during both
periods. Consequently, average body weight was 752 g
at weaning and 2745 g at 90 days of age. Standard
deviations for each trait were calculated on the basis of
the observations adjusted for year, line and sex. As can
be read from the table, the phenotypic variation for most
of the traits was moderate or high. Thus, the coefficients
of variation were less than 5% for carcass yield and
length, were 12% for DGas.90 and 10% for DG,.o0, and
ranged from 22% to 32% for the subjectively scored
carcass traits and DG .ss.

The effects of year, season and line on daily gains
were significant. It was also found that males had higher
values in DGjeo0 and DGi.g than females but not in
DGi.35. On the other hand, parity had a significant effect
only on DG s, i.e., the rabbits from first parity grew

), the relative growth rate during
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phenotypic variance are shown in Table 2. Litter effects
(including maternal and common environmental effects
as well as part of non-additive genetic effects in the
present study) were rather high for all the three daily
gains with the highest for DG, 3s, reflecting large
maternal and/or common environmental effects due to
individuals in the same litter being nursed by the same
dam and reared in the same cage. Litter effect for DGs,.
o0 was about half that for DG,;s, reflecting a rapid
reduction of maternal and/or common environmental
effects. In contrast to litter effects, heritabilities for
daily gain were low or moderate, i.e., 0.16, 0.17 and
0.31 for DGy.3s, DGss.o0 and DGy, respectively. The
heritabilities for carcass traits were also low or
moderate with the highest (0.26) for carcass length and
lowest (0.09) for fat score. The ratios of litter effects
were a little lower than heritabilities except for thigh
score in which the ratio of the litter effect was a little
higher than heritability.

Correlations between daily gains at different
periods are shown in Table 3. The genetic correlation
between DG,3s and DGssoo was very strong, while
environmental correlations were weak, consequently
causing a weak phenotypic correlation. The weak
environmental correlations could be explained by
individuals receiving temporary environmental effects
randomly from time to time whereas the environmental
effect common to the members of a litter was different
in different periods. It is also implied that permanent
environmental effects could be small. Daily gain from
birth to 90 days was a function of DGj.35 and DGag.00.
Therefore, as expected, various correlations for DGy.o0
with DGy.35 and DGssgp were very strong, especially
genetic correlations.

Correlations between carcass traits are shown in
Table 4. The genetic correlations between carcass yield,
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Table 3 : Phenotypic, genetic, litter and environ-
mental correlations between daily gain traits

Traits DGiss DGis6.90 DGig
DGi.3s 0.069* 0.510**
0.895%* 0.969**
DGag.90 -0.156%* 0.846**
0.070 0.987**
DGi.90 0.452** 0.698**
0.457** 0.895%*

Phenotypic and genetic correlations in the upper and lower rows above diagonal,
litter and environmental correlations in the upper and lower rows below
diagonal.

** P<0.01.

carcass length, back score and thigh score were not
significantly different from zero, except for the
correlations between back and length and between back
and thigh which were strong and positive. The
correlations for fat score with carcass length, back score
and thigh score were not consistent, with negative
genetic  correlations but positive environmental
correlations. The great discrepancy between genetic and
environmental correlations usually reflects that genetic
and environmental sources of variation affect the traits
through different physiological mechanisms
(FALCONER, 1989).

Table 5 shows correlations between daily gains and
carcass traits. The correlations between daily gains and
carcass yield were not significant. All the correlations
between carcass length, back score, thigh score and
daily gains were positive, and the genetic correlations
were much higher than environmental correlations.
Correlations between fat score and daily gains were not
consistent with negative genetic correlations and
positive environmental correlations.

Table 4
correlations between carcass traits

: Phenotypic, genetic, litter and environmental

DISCUSSION

Litter effects for daily gains were very large
especially during the pre-weaning period, indicating
large maternal effects and/or common environmental
effects, which is quite agreeable with previous studies
(MGHENI et al., 1982; KHALL ef al., 1987; FERRAZ
et al., 1991, FERRAZ et al., 1992, MCNITT and
LUKEFAHR, 1993). In the present study, litter size
was taken as a covariable in the model. Thus, the
presented estimates of litter effects included the
various maternal effects such as common uterine
environment, nursing behaviour, milk yield and
ability to teach the young to eat solid feed, but
omitting litter size. The regression of litter size was

found to be significantly negative for DG).3s and DGi.g0
but was not significant for DGse.9, indicating that litter
size has an unfavourable influence on daily gain during
pre-weaning but not on daily gain during post-weaning.
Therefore, litter effects are expected to become larger
for DG, 35 and DGy.g but not for DG36.90 when a model
excluding litter size is used.

Litter effects on carcass traits were found to be
almost as high as heritability estimates. FERRAZ et al.
(1992) and LUKEFAHR et al. (1993) reported that
maternal or litter influences may be more important
than additive genetic effects for several carcass traits.
Considerable litter effects even for post-weaning growth
and carcass traits could be due to rabbits from the same
litter after weaning being reared in the same cage, and
also due to the remaining effects from the pre-weaning
period, the post-weaning period being just 60% longer
than the pre-weaning period.

Heritability estimates for growth reported in
previous studies varied over a wide range, in general,
were low or moderate. The presented estimate of 0.16
for DG,35 was agreeable with those reported
by ESTANY et al. (1992). The estimate for
DGssoo and DGyg was consistent with the
reports by BLASCO et al. (1987), ESTANY et

Traits Yield Length Back  Thigh Fat al. (1992), POLASTRE et al. (1992) and

LUKEFAHR et al. (1996). There were very few

Yield -0.045 0293**  0284**  0.218%* previous reports on heritabilities for carcass

0224 0156 0173 0136 traits. The heritability (0.17) for carcass yield

Length -0.076 0.272**  0238**  0.031 estimated by the present study was higher than

0.066 0.561** 0027 -0.906** the estimate of 0.07 documented by AYYAT et

Back 0.487** 0.109 0.734**  (.180** al. (1994) but lower than the estimate of 0.37
0.287*%*  0.275** C0.821%*%  -0.772%* obtained by LUKEFAHR et al. (1996).

Thigh 0.592%* 0.248% 0.884%* 0.281%* The heritability estimate for DGj.35 and

0.257** 0.317** 0.704** -0.453* for DG3s.90 Was low. On the other hand, DG,.

Fat 0.410%* 0476+ 0.148 0.335%* % had a moderate heritability. Further, similar

0.204%* 0.188** 0.320%*  0.381** to the report by LUKEFAHR ef al. (1996),

Phenotypic and genetic correlations in the upper and lower rows above diagonal, litter and

environmental correlations in the upper and lower rows below diagonal.
* P<0.05, ** P<0.01.

genetic correlations for DG.g with DG 35 and
DGsso were very strong. Based on the
estimates of the parameters in the present
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Table S : Phenotypic (rp), genetic (ra), litter (r¢) and environmental

(re) correlations between carcass traits and daily gains

heritabilities. On the other hand,
these traits have favourable genetic

correlations with daily gain.
Traits Yield Length Back Thigh Fat Therefore, it is suggested that direct
selection for these carcass traits is
DGi.3s Rp 0.052 0.256** 0.261** 0.254** 0.173** not necessary at present and that
Ra 0.168 0.653** 0.807¢* 0.693** -0.061 selection for growth rate could result
Re -0.030 0.197** 0.331* 0.202* 0.150 in a favourable correlated response
Re 0.077 0.128* 0.227** 0.268** 0.241** for these traits.
DGx%  Rp -0.087 0.345**  0.354**  0.355%*  0.155** In conclusion, selection for
Ra -0.226 0.884** 0.867** 0.828** -0.297 average daily gain from birth to
Re¢ -0.157 0.202* 0.092 0.240** 0.056 market age or selection for body
Re 0.002 0.188** 0.351** 0.380** 0.300** weight at market age is expected to
DGiw  Rp 0027 0506**  0.523**  0.500%%  0.264** improve all of the traits involved in
Ra 0153 0.811%* 0 968** 0.765%* 0272 tl}e present study except for carcass
R 0017  0448**  0418%*  047a* 0363+  yield
Re 0.032 0271**  0462%*  0.504**  0.425%*
* P<0.05, ** P<0.01. Acknowledgements : The study was

study, given the same selection intensity and selection
on the basis of individual performance, the correlated
responses of DG1-35 and DG36-90 by selection for
DG1-90 are expected to be larger than direct selection
for these two traits themselves. Clearly, selection for
average daily gain from birth to market age or for body
weight at market age would effectively improve growth
rate during both pre-weaning and post-weaning periods.

Carcass length is not an important trait. The
measurement and analysis of this trait was to detect if it
is genetically related to some economically important
traits so that an indirect selection approach could be
useful. It was found that the genetic correlations for
carcass length with back score, fat score, and daily
gains were significant. Because of a moderate
heritability for carcass length, a low heritability for fat
score and a strong negative genetic correlation between
the two traits, selection for carcass length would be
expected to improve fat score effectively. On the other
hand, some retail dealers may not prefer a long rabbit
carcass. In this case, culling of rabbits with lengthy
body could be practised.

Carcass yield is an important trait because an
improvement on this trait could increase net profits.
However, direct selection for this trait would result in a
small response due to a low or moderate heritability
(0.17) with a small phenotypic variation. In addition,
genetic correlations for carcass yield with other traits in
the present study were not significant. The possibilities
of genetic improvement on carcass yield needs to be
further studied.

Back, thigh and fat scores influence carcass
quality. These traits are difficult to measure on live
rabbits. Further, these traits were found to have low

63

partly financed by the Norwegian

Rabbit Council. Research technician
NIELS OLE ANDERSEN took care of the rabbits and did all the
basic recording on which the whole work was based. Field
Manager HOLGER THRANE carried out the slaughtering and
Researcher JENS ASKOV JENSEN did the subjective scoring of
the carcasses.

Received : August 26", 1998
Accepted : March 10%, 1999

REFERENCES

AYYATM.S., ANous M.R., SADEK M.H., 1994. Genetic parameters
for meat production in rabbits. 1 - Non carcass components.
World Rabbit Science, 2(3), 93-99.

Brasco A., Estany J., Baserga M., 1987. Environmental effects
in the estimation of heritability in a population of rabbits.
ITEA Informacion Tecnica Economica Agraria, 70, 18-22.

BorsTING C.F., PETERSEN AA., NORDHOLM J., S@RENSEN P., 1995.
Digestible energy in feed for chinchillas and rabbits
determined by the EDOM-method. Forskningsrapport nr 43.
Danish Institute of Animal Science, P.O. Box 50, DK-8830
Tjele. In Danish with English summary.

Estany J., CamMacHo J., BAsELGA M., BLasco A., 1992. Selection
response of growth rate in rabbits for meat production.
Genet. Sel. Evol., 24, 527-537.

FaLconEr D.S., 1989. Introduction to quantitative genetics. 3rd
ed. Longman, Essex, England, 438pp.

FErrAZ JB.S., JounsoN R.K., ELER I.P., 1991. Genetic parameters
for growth and carcass traits of rabbits. J. Appl. Rabbit
Research, 14, 187-192.

FErraz J.B.S., JounsoN R.K., VAN VLEck L.D., 1992. Estimation -
of genetic trends and genetic parameters for reproductive and
growth traits of rabbits raised in subtropics with animal
models. J. Appl. Rabbit Research, 15, 131-142.

HENDERSON C.R., 1984. Application of linear models in animal
breeding. University of Guelph, Guelph, Canada, 423pp.



Su G.

HenpERsoN C.R., 1988. Progress in statistical methods applied to
quantitative genetics since 1976. In: B.S. Weir, MM.
Goodman, E.J. Eisen, and G. Namkoong (ed.) Prog. 2 Int.
Conf. Quant. Genetics, May 31-June 5, 1987, North
Carolina State Univ., Raleigh.

JENSEN J., MADSEN P., 1993. A user's guide to DMU. A package
Jfor analyzing multivariate mixed models. National Institute
of Animal Science, Research Center Foulum, Denmark,
19pp.

Kuain MH., Arrr1 E.A., OWEN J.B., 1987. A genetic analysis of
body weight traits in young Bauscat and Giza White rabbits.
Anim. Prod., 45, 135-144.

LUxEFAHR S.D., RoBERTS J.D., VAN VLECK L.D., 1993. Estimates
of components of (co)variance by restricted maximum
likelihood for carcass traits in rabbits using an animal model.
Prof. Anim. Sci., 9, 89-97.

etal.

LuxkeralR S.D., Opi H.B., ATakorA JK.A., 1996. Mass selection
for 70 day body weight in rabbits. J. Anim. Sci., 74, 1481-
1489.

McNi1tT J1, LUKEFAHR S.D., 1993. Breed and environmental
effects on postweaning growth of rabbits. J. Anim. Sci., 71,
1996-2005.

McHENI M., CHRISTENSEN K., KyomMo M.L., 1982. Selection
experiment on growth and litter size in rabbits. I. Effect of
litter size and growth. Tropical Animal Production, 7, 217-
225.

PatTERSON H.D., THoMmpPsON R., 1971. Recovery of inter-block
information when block size are unequal. Biometrika, 58,
548-554.

PoLASTRE R., Moura A.S.AM.T., Pons S.B., 1992. Expectations
from a mass selection programme for growth rate in Selecta
rabbits. Revista da Sociedade Brasileira de Zootecnia, 21,
45-46.

64



