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ABSTRACT

Records of 1,331 parturitions of 130 Californian (CAL) and 146 New Zealand White (NZW)
does, individual weekly weights from weaning to 11 weeks of 2,882 rabbits (1,512 CAL and
1,370 NZW) and traits observed at slaughter of 1,731 fryers (908 CAL and 823 NZW) were
analyzed by mixed model procedures with an amimal model to estimafe genetic and
environmental parameters (REML estimates of variance components) and genetic trend by
year, considered the average estimated breeding value of rabbits born in each year.
Estimates of total heritability (h?) were low for litter size at birth (LSB), 21 days (LS21)
and weaning (LSW). Estimates of hZfor preweaning mortality and gestation length were very
low, were low for litter weights at birth and 21 days. The estimate was moderate for litter
weight at weaning. The contribution of the permanent environmental effect of the doe was
moderate for litter traits. Estimates of h? for growth traits were moderate with largest
estimates for individual weights at 10 or 11 weeks. Litter effects explained from 30 to 50%
of variation in growth traits and were progressively less important with increase in age. The
largest estimate of h?for slaughter traits was for weight at slaughter. Future multivariate
mixed model analyses are needed to decide the best traits to be used as selection criteria.

INTRODUCTION

In development and evaluation of breeding programs, both genetic parameters and genetic
trends need to be evaluated accurately. Compared to other livestock species, very few
estimates have been reported on rabbits for either genetic parameters or genetic trends. The
importance and use of genetic parameters to improve the productivity in rabbits was
discussed by Lukefahr (1988). Khalil et al. (1986) reviewed estimates of phenotypic and
genetic parameters of reproductive and growth traits associated with rabbit meat production.
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In general those traits had low or moderate heritabilities. Neither study used mixed model .
procedures under an animal model.

Mixed model methods under an animal model, that give best linear unbiased predictors
(BLUP) of genetic values, are also accepted as the best methods to estimate genetic
parameters (Henderson, 1988).

Lukefahr et al. (1992) used Restricted Maximum Likelihood (REML) to estimate genetic
parameters for carcass traits in rabbits and reported heritabilities of 0.10 for preslaughter
weight, 0.08 for hot carcass weight, and 0.01 for pelt and viscera percentage. Ferraz et al.
(1991a,b), using least squares and mixed model (sire model) procedures reported genetic
parameters for reproductive, growth and carcass traits of rabbits raised in Brasil.

The estimation of genetic trends in populations undergoing selection has been discussed by
several authors (Dickerson, 1961; Van Vleck and Henderson, 1961; Smith, 1962) and
recently, mixed model methodology has been applied to evaluate those trends (e.g.,
Sorensen and Kennedy, 1986). Estany et al. (1989) applied mixed model methodology to
estimate genetic response to selection for litter size of rabbits.

The objective of this study was to apply mixed model methods, under an animal model, to
estimate genetic trends and genetic parameters for an experimental herd of Californian and
New Zealand White rabbits raised in a subtropical area of Brasil.

MATERIAL AND METHODS

The two data sets used in this study came from the Rabbit Research Sector of the University
of Sao Paulo, campus of Pirassununga, Brasil, located approximately at22°S and 47° W and
750 m above sea level, where average temperatures range from 15°C in winter up to 30°C
in summer. The animals were confined in metal cages in a closed building with lateral
openings, where the internal temperatures varied from 18°C to 35°C. _

The first data set, used to study the reproduction data, had 1,331 litters (616 from 130
Californian does and 715 from 146 New Zealand White does) born from 1982 to 1990. The
second set, used to estimate parameters of growth and carcass traits had 2,882 records for
growth traits (1,512 Californian and 1,370 New Zealand White rabbits) and 1,731 records
for traits measured at slaughter (908 Californian and 823 New Zealand White animals), for
animals born from September of 1988 to December of 1990.

Females were mated, after 130 days of age, at the buck's cage and logged individually.
Sire-daughter, full and half sib matings were avoided to reduce inbreeding. Wood nests were
provided 27 days after mating. The number and weights of rabbits of each litter were
recorded, at parturition, at 21 days of age and at weaning. At 21 days the nests were
removed. Weaning age varied from 25 to 42 days of age. Reproductive traits measured and
analyzed were litter sizes at birth, total (LSB) and alive (LSBA); at 21 days of age (LS21)
and weaning (LSW)), stillbirth (STILL), mortality from birth to 21 days of age (MORTB21)
and from birth to weaning (MORTBW), gestation length (GESTL) and litter weights at
birth (LWTB), 21 days (LWT21) and weaning (LWTW).

At weaning the rabbits were identified by tattooing and their sex and weights recorded.
After weaning, the animals were raised with their littermates in metal cages (85 x 95 x 45
cm) having automatic waterers and feeders. A commercial pelleted feed (minimum of 18%
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crude protein and 17% fiber), supplemented with 20% of dry matter with green elephant

grass or rami was used.

Animals were weighed weekly from weaning to slaughter. The measurements were called

individual weights at weaning, 5, 6, 7, 8, 9, 10 and 11 weeks (TWW, IWS5, IW6, IW7, TW8,

IW9, IW10 and IW11). Slaughter occurred at 87 days as an average. At that time individual

weight at slaughter (TWSL), carcass weight (CWT ,warm washed carcass, without head, skin

and viscera), viscera weight (VISWT, all the internal organs, including the gastro-intestinal

content), head weight (HEADWT, head with ears and head skin, eyes and brain, plus the

paws and tail, used in crafts) and skin weight (SKINWT) were measured. Dressing

percentage (DRESS%) was defined as the ratio CWT/IWSL.

No selection pressure was applied in the herd from 1982 until 1988, when the criterion for

mass selection became IW10. After August of 1988, IW10 was used as the only selection

criterion for males and females. The rabbits were weaned in groups of 50 as an average

every two weeks, with the group being considered a contemporary group. TABLE 1 presents

the number of males and females selected and the average selection differentials applied

in actual weight and units of standard deviation, calculated as differences from averages of

contemporary groups. Migration occurred in 1984, 1986 and 1987. In CAL, 15.2% of males

and 5.4% of females came from other herds, while in NZW those proportions were,

respectively 11.3 and 4.1%.

The coefficients of inbreeding for each animal (F), were calculated using an adaptation of

DFNRM, part of K. Meyer's DFREML program (Meyer, 1988a,b) using all the pedigree

information available, since the herd was founded. Inbreeding coefficients were included,

as a covariate, in the animal model as suggested by Kennedy et al. (1988).

The animal models followed the basic linear model:

y = XB + Zu + e, where:

X = incidence matrix for fixed effects;

B = vector of fixed effects, including covariates. The fixed effects considered, for each trait,
are specified in TABLE 2.

Z = incidence matrix for random effects;

u = vector of random effects (animal, litter as a common permanent environment effect and
maternal, depending on the model; ;

e = vector of environmental effects, N(0,02).

Among the four animal models proposed, model 1 included only the animal effect, model

2 included the animal and permanent or common environmental effect of doe (for

reproductive traits) or litter (for growth and slaughter traits), model 3 included the additive

genetic value of the animal, the maternal genetic value, uncorrelated with the direct genetic

value and permanent or common environmental effect (the same used in model 2) and

model 4, the same as in model 3, but with correlated animal and maternal genetic effects.

Estimates from model 4, the most complete model, were chosen to be reported for both

variance components and the breeding values, as that model had the largest logarithm of

the likelihood function for the majority of traits.

The mixed model equations under the proposed animal models were used to obtain

Restricted Maximum Likelihood (REML) estimates of variance components with the

DFREML programs of Meyer (1988a,b, 1989), madified by Boldman & Van Vleck (1991)

to use SPARSPAK (George et al., 1980), a sparse matrix solver package. . -

The genetic parameters estimated were heritability for direct animal genetic value (h?),
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heritability for maternal genetic effects (m* ), correlation between direct and maternal
genetic effects (r) and total heritability (Dickerson, 1947, 1970) (h? = h?+ Sm?* + 15
cov(a,m)/o 3), where cov(a,m) is estimate of covariance between direct and maternal genetic
effects and o2 is the estimate of phenotypic variance.

The environmental parameter estimated, in addition to o2 was the relative variance of
permanent environmental effects for reproductive traits (associated with the dam) or of
permanent common environmental effects (associated with the litter) for growth and
slaughter traits (c?)

The software used to set up the mixed model equations, DFREML (Meyer, 1988 ab)
considers all the pedigree information available, smoe the foundation of the herd, to set up
the inverse of the numerator relationship matrix (A?) . The direct and maternal breeding
values for the traits are estimated for all animals, including those without records and base
animals, which are evaluated by their relationships with animals with records. Average
breeding values per year of birth were plotted to estimate genetic trend. The averages for
1980 and 1981 are for base animals.

RESULTS AND DISCUSSION

TABLE 3 shows the estimates of genetic and environmental parameters. As the actual
results to be expected from individual selection for a given trait are affected not only by the
fraction of the variance due to an animal's own genes, but also by that due to heritable
differences in the dam's direct environmental influence and the interaction between those
two inheritances (Dickerson, 1947), h?is the best estimate of heritability as a measure of
possible selection response. For reproductlve traits, the trait with the larger heritability for
direct effects is STILL, but when h? and m? are pooled in h?, LS21 and LSW have the
largest values. So, in terms of litter sizes, the largest genetic progress is expected in 1LS21
or LSW. As weaning age can vary, LS21 seems to be the most consistent trait that could be
used as selection criterion among preweaning litter sizes in this population, not only because
of the moderate heritability, but because the correlation between animal effects is high and
positive so that with selection for direct effects the maternal effects should change in the
same direction. All the other preweaning litter sizes have negative correlations between the
animal effects. The estimates for heritabilities for these traits are smaller than the majority
of estimates reported ( Khalil et al., 1986; Ferraz et al.,1991).

The direct, maternal and total heritabilities estimated for MORTB21 and MORTBW are
very low and the correlation (r) is -1.000 for both, indicating that not only almost no genetic

progress is expected in this trait but also an antagonism between direct and maternal
inheritance. The same can be applied to GESTL.

The preweaning litter weight traits had low heritability, except for LWTW that had an
estimate close to 0.2 with a negative estimate for r. As the weights at 21 days and weaning
differ by only about 1 week, the difference observed in estimates seems to be too large The
estimate of h?for LS21 is less than that estimated for LWTB, but the value for r is much

larger and positive. Although little genetic progress is expected, the most gencuc progress
would be expected for this trait, among preweaning litter weights.

The estimates for c? the proportion of variation due to the permanent environment of the
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dam, for the preweaning litter traits are small, generally less than 0.10, except for LS21,
where the value is 0.175, indicating also that this maternal effect is not of much importance
and is not the main cause of variation.

Estimates of heritabilities for growth traits are from low to moderate so that reasonable
genetic progress can be obtained when IW10 or IW11 are adopted as selection criteria. Both
traits had estimated values of r very large and positive, so that both traits could be selected
for. However, slightly more progress is expected for IW11 than for IW10, due to larger
values for h?and m? If slaughter occurs before the 11th week, IW10 can be a good criteria
too. Earlier individual weights do not seem to be good traits for selection due to small
estimates of h?and h, in agreement with those reported by Khalil et al. (1986) and Ferraz
et al. (1991).

The values of c?estimated for growth traits, the common permanent environmental effects
of littermates, are high, varying from .31 to .50 but decrease as age increases, implying that
the litter influence is progressively smaller as the time between the target age and weaning
is longer. Small estimates of c2for IW10 or IW11 reinforce those traits as selection criteria.
The estimated values of h?, m? and h? for slaughter traits varied from low to moderate.
Selection would not be effective if the selection criterion is VISWT or DRESS%, but
approximately equal relative genetic progress could be obtained if selection is based on
IWSL or CWT. As carcass weight is not easy to obtain under slaughterhouse conditions and
as both r and c?values are similar for IWSL and CWT, IWSL seems to be the best trait to
select for among slaughter traits. In places where the rabbit skin is important for fur and
can make a substantial contribution to the total value, selection for SKINWT can be
moderately effective. The values observed for h? for slaughter traits are similar to those
obtained by Lukefahr et al. (1992).

The values of ¢ representing the relative contribution of litter effects to the total
phenotypic variance in slaughter traits, are similar to those observed for IW10 and IW11,
except for HEADWT and DRESS%. Litter effects explain about 30% of the total variance
and have to be considered in a breeding program as an important source of variation.
Further studies using multivariate mixed models under an animal model to estimate the
genetic covariances can modify this scenario. The selection criteria should be chosen based
not only on values of h2 m% h?, r and c? but also on the genetic correlations with other
important traits and especially on the relative economic values of the traits.

The genetic trends for direct animal effects, as means of estimated breeding values by year
of birth of rabbit for LSB, LSBA, LS21 and LSW are shown in FIGURE 1, for LWTB,
LWT21 and LWTW in FIGURE 2 and for IW10, IW11 and IWSL in FIGURE 3. Only
those trends are shown because those traits are th¢ most important. The genetic trends for
maternal effects could be obtained by this method.

The trends for litter sizes (FIGURE 1) were similar and positive for LSB, LSBA, LS21 and
LSW. Litter sizes increased from .15 to .30 rabbits from the foundation of the herd to 1990.
That trend could be improved if litter size is the selection criterion. The genetic gain
observed showed that genetic progress is possible in any of the measured litter sizes, despite
the low heritabilities. ' :

The trends observed for litter weights (FIGURE 2) are positive, but the plot indicates that
a plateau may soon be reached.

The genetic gain observed in IW10, the selection criteria from 1988 to 1990, was positive
and about 10 g (about .5% of the average). The same was true for IW11, but although the
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same trend was shown for IWSL, the trend from 1988 to 1991 in this trait was slightly
down. The average estimates of breeding values were not regressed on year because the
variation in changes from year to year is important not only to evaluate migration that has
occurred, but also to monitor effects such as changes in management or disease outbreaks.
The methodology used was useful for not only estimating genetic parameters, but in
evaluating the breeding program.

CONCLUSIONS

1)The genetic parameters estimated for htter sizes show those traits had low heritability with
the largest responses to selection expected in 1521, followed by LSW.
2)MORTB21, MORTBW and GESTL had very low heritabilities and negative estimates of
correlation between direct and maternal genetic effects.
3)Heritabilities were small for LWTB and LWT21 and moderate for LWTW, but LWTW
had a large negative correlation between direct and maternal genetic effects.
4)The values of c?were small for almost all reproductive traits, meaning that the effect of
dam is not a main cause of variation, accounting for less than 10% of the phenotypic
variation.
5)The genetic parameters estimated indicate largest expected responses to selection for
IW10 or IW11, among the growth traits of rabbits.
6)Litter effects can explain from 30 to 50% of the phenotypic variation for growth traits.
Those effects are progressively less important as age at measurement increases.
7)Multivariate mixed model estimation of covariances in the future, under an animal model
are needed to account for correlated responses and to define the best selection criteria.
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TABLE 1. Selection differentials for individual weight at 10 weeks (IW10), in
grams, of Californian (CAL) and New Zealand White (NZW) rabbits
selected from 1988 to 1990.

CAL NZW TOTAL
SEX N IW1I0 SD N IwW1I0 SD N IW10 SD

males 16 4390 141 19 4291 134 35 4336 134
females 39 2421 088 49 2343 092 88 2377 091

TABLE 2. Effects considered as fixed for reproductive and growth traits of rabbits raised
in a subtropical area of Brasil.

TRAIT SEX BREED YS PAR Fdoe Flit Frab LSW AGEw AGEs

Reproductive Traits

LSB, LSBA, STILL,

LS21, MORTB21,

GESTL, LWTB

and LW21 X

LSW, MORTBW

and LWTW X X X X X X

Growth traits

IWW, IWS, IW6,

W7, IW8, TW9,

IW1l0and IW11 X X X X X X

Slaughter traits
all * X X X X X X X

YS= year x season; PAR = parity of doe; Fdoe= inbreeding of doe (linear and quadratic
effects); Flit= inbreeding of litter (linear and quadratic effects); Frab= inbreeding of rabbit
(linear and quadratic effects); LSW= litter size at weaning (linear and quadratic effects);
AGEw= age at weaning (linear effects); AGEs= age at slaughter (linear effects). -
LS = litter size; LWT = litter weight; B=birth; BA = birth alive; 21 = 21 days of age; W=
weaning; STILL = number of stillbirths; MORTB21= mortality from birth to 21 days of
age; MORTBW= mortality from birth to weaning; GESTL= gestation length; IW=
individual weight; 5,6,.....11= age in weeks; _

(*)- IWSL = individual weight at slaughter; CWT = carcass weight; VISWT = viscera weight;
HEADWT = head weight; SKINWT = skin weight; DRESS%= dressing percentage.
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TABLE 3. Estimates of genetic and environmental parameters under an animal moc
reproductive and growth traits of rabbits raised in a subtropical area of Brasil.
TRAIT h? m? h? r c?
Reproductive Traits
LSB 054 .020 045 -384 049
LSBA 063 035 060 -297 036
STILL 176 112 043 -.898 .007
LSs21 056 .007 089 1.000 .088
LSW .139 .008 .101 -.820 070
MORTB21 023 .017 D02 -1.000 090
MORTBW 002 .010 D01 -1.000 .099
GESTL 056 033 016 -871 063
LWTB 043 .004 051 295 089
LwT21 .001 048 035 999 175
LWTW ‘ .199 .000 197 -975 015
Growth traits
IwWw 007 .091 .089 980 496
WS .003 055 051 1.000 480
IW6 ' 007 050 .060 1.000 416
w7 .013 .087 108 1.000 380
W8 043 .168 026 -790 374
w9 024 067 117 1.000 365
IW10 .049 0456 .143 1.000 307
IW11 082 033 177 999 314
Slaughter traits
IWSL 042 .039 121 999 343
CWT 021 072 114 997 310
VISWT 007 037 026 040 316
HEADWT 159 .008 .166 064 229
SKINWT .081 011 .130 - 993 383
DRESS% 002 076 .026 -779 175

h2= heritability for direct genetic effects; m?= heritability for maternal genetic ef
h?= total heritability; r= correlation betwe¢n animal effects; c’= perm:
environmental effects for reproductive traits (dbe x parity) or common perm:
environmental effect for growth and slaughter traits (litter effects). LS = litter
LWT = litter weight; B =birth; BA = birth alive; 21j= 21 days of age; W= weaning; S
= number of stillbirths; MORTB21 = mortality from birth to 21 days of age; MORT]
mortality from birth to weaning; GESTL = gestation length; IW = individual weight
.11= age in weeks; SL= at slaughter; CWT = carcass weight; VISWT = viscera w
HEADWT= head weight; SKINWT = skin weight; DRESS% = dressing percentag
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FIGURE 1. Genetic trend of LSB, LSBA,
LS21 and LSW of Californian and New
Zealand White rabbits in subtropics+*
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FIGURE 2. Genetic trends of LWTB, LWT21
and LWTW of Californian and New Zealand
White rabbits raised in subtropics*
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FIGURE 3. Genetic trends of IW10, IW11
and IWSL of Californian and New Zealand
White rabbits raised in subtropics*

individual weight (g)

50

40

30

20

10

0

-10 k l [ 1 | | L
80 81 82 83 84 85 86 87

Year of birth of rabbit
(*)-1W=srabbit weight, 10, 11 = age in

weeks, SL = at slaughter
Estimated by animal model

88 89 90

— IW10
e W1




