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Abstract - The combined effects of embryo recovery, embryo cryopreservation and embryo trans-
fer techniques on growth and reproductive characters of rabbits were studied. The animals coming from
cryopreserved embryos were penalized for individual average daily gain during the fattening period
in 1.72 g/d (P < 0.05) when they were compared to animals born after natural matings and pregnan-
cies. The difference disappeared when we analysed the same character in the progeny. The litter
size class effects were linear for weaning and slaughter weight and non-linear for daily gain, pointing
out the independence of this character with respect to maternal effects. There were no differences for
litter size or kindling interval between the animals. Growth characters were affected by the season
effects (706.8 versus 654.3 g in weaning weight and 1 940.6 versus 1 875.1 g in slaughter weight; spring
versus summer, P < 0.05). Also, the reproductive characters had the lower value for litter size in
summer and the higher kindling interval (52.3 versus 45.4 days; summer versus spring, P < 0.05). It
is concluded that the experiments using cryopreserved animals should work with the progeny of
those animals instead of with themselves, especially for growth characters, in order to avoid the
possible negative effects observed. &copy; Elsevier / Inra
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Résumé &mdash; Effets des techniques de cryoconservation d’embryons sur les caractères de crois-
sance et de reproduction du lapin. Les effets des techniques de collecte, de cryoconservation et de
transfert d’embryons sur les caractères de croissance et de reproduction du lapin on été étudiés.
Comparés à des animaux conçus et nés de façon naturelle, les animaux issus d’embryons cryoconservés
sont pénalisés sur le gain moyen quotidien de 1,72 g-j-1 (p < 0,05) pendant l’engraissement. Cette dif-
férence disparaît lorsqu’elle est analysée sur les descendants des animaux issus d’embryons cryo-
conservés. Les effets de la classe des tailles de portée étaient linéaires pour les poids au sevrage et à

* Correspondence and reprints
Tel.: (34) 96 387 74 30; fax: (34) 96 387 74 39.



l’abattage ; ils étaient non linéaires pour le gain moyen quotidien, mettant en évidence l’indépendance
de ce caractère par rapport aux effets maternels. Il n’y avait pas de différences entre les animaux
pour la taille de la portée ou l’intervalle entre les mises bas. Les caractères de croissance étaient
affectés par les effets de la saison (706,8 versus 654,3 g pour le poids au sevrage et 1 940,6 versus
1 875, g g pour le poids à l’abattage ; printemps versus été, p < 0,05). La taille de la poilée était la plus
faible en été et l’intervalle entre mises bas était le plus élevé en été (52,3 versus 45,4 j ; été versus prin-
temps, p < 0,05). Il est conclu que les expériences utilisant des animaux issus d’embryons cryocon-
servés doivent être réalisées sur les descendants de ces animaux et non sur ces animaux eux-mêmes,
tout spécialement pour les caractères de croissance, afin d’éviter les éventuels effets négatifs obser-
vés dans cette étude. &copy; Elsevier / Inra
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1. INTRODUCTION

The development of cell and molecular
biology together with new reproductive tech-
niques are becoming quite common in ani-
mal production [26]. Today, the application
of molecular genetics is very limited in rab-
bit production [15]. However, reproductive
techniques such as artificial insemination
and embryo cryopreservation are well devel-
oped in rabbits [17, 24]. There are different
methods of embryo cryopreservation with
similar results at birth, but with different
technical efforts, vitrification being the eas-
iest method at present [13]. ].

The main applications of embryo cryo-
preservation are the conservation of genetic
resources [ 12, 19], the establishment of con-
trol populations in the experiments of esti-
mation of genetic responses to selection [ 19]
or to avoid health, time and housing prob-
lems in several experiments such as the
foundation of new lines [4]. However, there
are no experiments in the literature related
with the effects of these techniques on the
characters of interest in rabbit production,
but these effects are important in experi-
ments that assess genetic response. The
objective of this paper is to evaluate the
effects of embryo recovery, cryopreserva-
tion and transferring techniques on growth
and reproductive characters of rabbits.

2. MATERIALS AND METHODS

Three groups of rabbits were compared on
growth and reproductive characters and on
growth characters of their progeny. All the ani-
mals came from the fourteenth generation of line
V, a maternal rabbit line selected on a number
of young weaned at the experimental farm of the
Universidad Polit6cnica de Valencia [5]. The
control group consisted of rabbits born and raised

by their dams after a natural mating and preg-
nancy. The other two groups came from deliv-
eries of females that became pregnant by trans-
ferring pooled frozen or vitrified embryos. A
description of embryo recovery, cryopreserva-
tion and transferring techniques used are described
by Vicente and Garcfa-Xim6nez [22, 23, 25]. The
does of the control group were mated on Fridays,
delivered mainly on Tuesday and the weaning
was always on Tuesday. Thus the age at weaning
for this group was highly concentrated around
28 days. In the other two groups, the induction of
the ovulation of the recipient does was on
Wednesday, the transfer on Fridays and the
majority of does delivered on Sundays. The
weaning was also on Tuesday and consequently,
in these groups the more frequent age at weaning
was 30 days.

Rabbits were born and kept at the experi-
mental farm of the UPV until the end of their

fattening period. Then the females were moved
to a commercial farm 30 km far from the Uni-

versity to control their reproductive performance
and the growth characters of the progeny. Ani-
mals were fed ad libitum during the fattening
period with a commercial pelleted feed (16 ’Yo
crude protein, I5.5 % crude fibre and 3.4 % ether
extract). The females were managed under natural
mating twice a week (Monday and Friday) with



a rebreeding interval of 12 days. The parities
took place mainly on Thursday and Monday and
the weanings on Wednesday. So the modes of
age at weaning were 27 or 30 days, respectively.
The females were also fed ad libitum with a com-
mercial pelleted feed (17.5 % crude protein, 14.5 %
crude fibre and 3.4 % ether extract).

Growth characters were individual weaning
weight (at 28 days of age, in grams), individual
weight at the end of the fattening period (at
63 days of age, in grams) and individual aver-
age daily gain during the fattening period (in
grams per day) and were analysed both in the
three groups of animals and in their offspring.
Growth characters were analysed with the fol-
lowing mixed linear model:

where Yïklm is the trait to analyse; m is the gen-
eral mea!; T is the fixed effect of type of animal
(control, frozen or vitrified); S. is the fixed effect
of season in which the animal vas born (spring or
summer); Lk is the fixed effect of litter size in
which the animal was born (< 5, 6, 7, ...,
> 13 number born alive); d, random effect of the
doe supporting the pregnancy and the lactation (it
has been assumed that the doe effects were non-

correlated); and eg!,,!!, is the residual.
Growth characters of the progeny were ana-

lysed with the following mixed linear model :

where Y¡jklmno is the trait to analyse; m is the
general mean; ); is the fixed effect of type of the
doe (control, frozen or vitrified); RE. is the fixed
effect of reproductive state of the doe (nulli-
parous and primiparous or multiparous lactating
and non lactating doe at conception); YSk is the
fixed effect of year-season of birth; LS, is the
fixed effect of litter size in which an animal was
born (< 4, 5, 6, ..., > 11 number born alive); AWm m

is the fixed effect of age at weaning (27 or
30 days); d., random effect of the doe (it has been
assumed that the doe effects were uncorrelated);
10 is the random effect of the litter in which an
animal was born; and eijklmnop is the residual.

The reproductive characters studied were
number of total born, number of born alive, num-
ber weaned, number at the end of the fattening
period and kindling interval. They were ana-
lysed with the following mixed lineal model:

where Yijklinno is the trait to analyse; m is the gen-
eral mean; T is the fixed effect of type of animal
(control, frozen or vitrified); TP. is the fixed
effect of type of parity (Monday or Thursday);
REk is the fixed effect of reproductive state of
the doe (nulliparous and primiparous or multi-
parous lactating and non lactating doe at con-
ception); YSI is the fixed effect of year-season of

birth; dm random effect of the doe (it has been
assumed that the doe effects were uncorrelated);
In is the random effect of the litter in which the
doe was born; and e¡jklmno is the residual.

The statistical methods used were restricted
maximum likelihood [20] to estimate variance
components, using a derivative free algorithm
[10] software package (VCE) [1 I]. Fixedeffects
and their contrasts were obtained by generalized
least squares [18], using the variance compo-
nents estimated.

3. RESULTS AND DISCUSSION

3.1. Growth characters

Number of data and a brief summary
statistics of growth characters are given in
table I. Table II shows the variance com-



ponents of doe and error effects estimated by
REML. The doe intraclass correlations and
their standard errors are also reported. We
must note the higher intraclass correlation

for weaning weight, agreeing with the well
known fact that this trait has more impor-
tant maternal effects [6] than postweaning
daily gain and slaughter weight. The sea-
son effects are shown in table III. They con-
firm the depressing effect of temperature
on the weight of animals [3, 8, 21]. Table
IV reports on the litter size class effects. The
linearity of these effects for weaning and
slaughter weight is remarkable, the similar-
ity of them for these two traits and the irrel-
evance and non-linearity of litter size class
effects for daily gain. This result, again, is
indicative of the independence of daily gain
with respect to maternal effects.

There were no significant differences
between animals coming from frozen or vit-



rified embryos on any character studied
(table V). However, the contrasts between
these two groups and the control group show
that animals coming from cryopreserved
embryos have a higher weaning weight
(70.3 g) and a reduced growth during the
fattening period (1.72 g/d). The differences
in weaning weight can be completely
explained by the age of rabbits at weaning.
The young of the control group were weaned
at an average age of 28 days, the other two
at 30 days. The individual average daily
gain at this age is around 34-37 g/d [7] and
consequently the expected difference is 70 g.
Very important is the difference in individ-
ual average daily gain during the fattening g
period (1.72 g/d). This result means that
when comparing naturally reproduced ani-
mals with animals coming from frozen or
vitrified embryos it will be necessary to add
a correction factor (1.72 g/d) to the daily
gain data of the latter. An alternative could
be to compare not directly animals of the
groups but their progeny, if the absence of
effects in those animals is confirmed. This

approach will have some advantages as to

diminish the number of frozen or vitrified

embryos required in some experiments but
has the inconvenience of taking more time.

3.2. Growth characters of the progeny

Growth characters of the offspring were
measured in a commercial farm on more
than 1000 young rabbits (table VI) in order
to check if the differences observed in the

parents disappear in their progeny. The vari-
ance components for random effects in the
model are shown in table VII. It is remark-
able the fact that doe and litter effects take
account of 40 to 50 % of the total variance
of growth characters. For daily gain, litter
effects are more important than it was
expected, probably due to the fact that the
experiment was done on a commercial farm.
When these characters are studied in an

experimental farm, as in the analysis of
growth characters or in Estany et al. [6],
maternal and litter effects are less impor-
tant in determining daily gain. The results
concerning the fixed effects are presented



in table VIII. Year-season effects do not
show a clear pattern but hot seasons like
summer and autumn seem to penalize
growth characters, as pointed before. The
results concerning the physiological state

of the doe at mating do not show any clear
result, probably due to the fact that the num-
ber of data for non-lactating does was very
small. On the contrary, litter size class seems
to affect weaning weight and weight at the
end of the fattening period. Individual aver-
age daily gain, as in the preceding experi-
ment, seems not to be affected by this effect.
The age at weaning was also significant for
weaning weight and weight at the end of
the fattening period, but not for daily gain.

The main result concerns the effect of

cryopreservation on growth characters of
the progeny (table 1!. It can be seen how
the differences in individual average daily
gain during the fattening period that emerged
when comparing control group and cryo-
preserved groups do not appear when
analysing the same character on the off-



spring. The same can be said for the weight
at the end of the fattening period. However,
the results for weaning weight show how
the animals coming from frozen parents
have higher weaning weight than animals
from vitrified or control parents. This result
was not expected and there can be given no
explanation for it. The animals coming from
cryopreserved parents have more similarities
between them than with the offspring of the
control group, because their parents have
been recovered, cryopreserved and trans-
ferred at embryo stages. This implies that
the differences between the progeny of the

three groups are expected to appear between
the control and the other two groups, but
not in the way they have been found. It
should also be said that the importance of
the difference found is quite low (around
45 g, less than 10 % of the values for the

character).

3.3. Reproductive characters

Reproductive characters of cryopreserved
and control animals were analysed in a com-
mercial farm during 4 seasons. The values
for litter size are lower than the ones
obtained for line V in other experiments [2,
21], probably due to the lower technical
level of the commercial farm when com-

pared with the experimental farm (table X).
Variance components of random effects of
the model are presented in table XI. The
zero values of doe and litter components for

kindling interval are remarkable, implying
zero values of repeatability. Similar results
have been obtained by Baselga et al. [1] I
when analysing characters related with kin-
dling interval. For litter size traits, the
repeatabilities are around 0.12-0.17, in
accordance with the values found in the lit-
erature [ 14]. However, phenotypic variances



are higher than the ones obtained by G6mez
[9] in the same line but in the UPV experi-
mental farm.

Year-season and reproductive state of the
doe effects are presented in table XII. With
respect to year-season the lower values for
litter size in summer, and the higher kin-
dling interval in that season are remarkable.
The values for autumn are also lower than
the ones for winter and spring, probably due
to the fact that the animals are still affected

by the higher temperatures suffered during
summer. The least square means for the

physiological state of the doe do not show
statistical differences in any character stud-
ied.

There are no statistical differences for
litter size or kindling interval between the
three groups of animals studied (table Xllj).
However, some differences are quite impor-
tant between the groups, with values around
0.8 pups between control and vitrified

groups for litter size. The non-stable mana-

gement conditions during the experiment in
the commercial farm could be the reason
for the higher phenotypic variances in the
characters and of the high standard errors
obtained. Despite this, it should be noted
that the differences between vitrified and
frozen animals are superior than the ones
between frozen and control group, which is
in accordance with the random nature of the
differences between groups. Also, it is
remarkable that the differences in litter size
between the groups are the consequence of
the differences observed in total born, as
they do not change when litter size is mea-
sured at different ages of pups.



4. CONCLUSIONS

The results obtained concerning the
effects of recovery, cryopreservation and
transferring techniques on growth and repro-
ductive characters of rabbits and on growth
characters of their progeny suggest that it
should be recommended to work with the

offspring of the animals cryopreserved in
order to avoid the use of correction factors,
specially with growth characters. Season
effects affect growth characters, litter size
and kindling interval, the worst values being
in summer. The linearity of litter size class
effects for weaning and slaughter weights
is significant. However, some results obtained
in the commercial farm should be taken with
care because they seem to be influenced by
the unstable conditions in that farm.
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