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Abstract: A divergent selection for litter size residual variability has been carried out in rabbits during
12 generations. Litter size residual variability was estimated as phenotypic variance of litter size
within females after correcting for the year-season and the parity-lactation status effects. Stress causes
an increase in core body temperature. Infrared thermography (IRT) has been shown to be a useful
technique for identifying changes in body temperature emissivity. The aim of this work is to study
the correlated response to selection for litter size residual variability in body temperature emissivity
at natural mating. Natural mating can be considered a stressful stimulus for does. Temperature
was measured in the eyeball by IRT before mating (basal temperature) and after 5 min, 30 min, and
60 min in does of the lines selected to decrease and to increase litter size residual variability (i.e., the
Low and the High lines). Both lines showed similar basal temperature. Eyeball temperature was
increased slightly in the Low line from basal state to 5 min after stressful stimulus (from 35.69 ◦C
to 36.32 ◦C), and this increase remained up to 60 min after stress (36.55 ◦C). The High line showed
a higher temperature than the Low line at 30 min (+0.96 ◦C, p = 0.99). At 60 min, temperature was
similar between lines. The evolution of temperature was different between lines: the High line
reached the peak of temperature later than the Low line (at 30 min vs. 5 min), and its peak was higher
compared to the Low line (36.95 ◦C vs. 36.32 ◦C). In conclusion, the does selected for reducing litter
size variability showed a lower increase in temperature after a stressful stimulus, therefore showing
lower stress and consequently better welfare.

Keywords: fertility; lactation; rabbit; selection; stress; temperature; thermography

1. Introduction

Livestock industry and consumer are increasingly concerned on farm animal welfare.
Animal welfare is directly related to animal’s stress and healthy. Stress has commonly been
measured not only by cortisol levels in blood but also as cortisol metabolites in feces, hair,
and urine [1]. Neutrophil-lymphocyte ratio has been employed as a stress measurement as
well [2], because the duration of stress affects leucocyte populations [3]. However, a major
issue for animal welfare is that these techniques involve invasive procedures which may
themselves cause a stress response and therefore affect the measurement of interest [4].

Infrared thermography (IRT) is an accepted technique for measuring body heat
losses [5]. This technique has been used to find differences in body temperature emissivity
in eyes, ears and nose in rabbits stressed due to environmental challenges [6]. IRT tech-
nique has the advantage of being fast, non-invasive and requiring minimal handling of
the animals [4]. A higher body temperature in rabbits has been related to a higher level
of cortisol metabolites in feces and therefore to higher stress [6,7]. The monitoring of the
body surface temperature variations in animals can be used to assess the onset of estrus,
the inflammatory processes, the adaptability to heat, and the tolerance to stress [8].

A divergent selection experiment for litter size residual variance has been performed
successfully in rabbits. The High line and the Low lines diverged around 5% from the
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original mean per generation [9]. Litter size residual variance has directly related to
environmental sensitivity, i.e., with coping of animals to environmental challenges [10]. In
this regard, the Low line presented a better behavior against stress and diseases, and in
consequence culling rate was lower in the Low line than in the High line [11]. Moreover,
the Low line showed better body condition and lower fat mobilization at situations of
high-energy demand [12]. Therefore, selection for reducing litter size residual variance
could be a useful tool to improve welfare in dams. The aim of this work is to study the
correlated response to selection for litter size residual variability in the development of
body temperature emissivity.

2. Materials and Methods
2.1. Ethics Statement

All experimental procedures were approved by the Miguel Hernández University
of Elche Research Ethics Committee, according to Council Directives 98/58/EC and
2010/63/EU (reference number 2017/VSC/PEA/00212).

2.2. Experimental Animals

A divergent selection experiment was carried out for litter size variability over
twelve generations (High and Low line). The selection was based on the phenotypic
variation of the litter size within the female, after correcting the litter size for both the
year-season and the parity-lactation status. All the animals were bred in individual cages
(37.5 cm × 33 cm × 90 cm) indoor at the farm of the Miguel Hernández University (Spain).
The does were mated the first time at 18 weeks of age and later at 10 days after delivery.
The non-receptive does were mated again the following week. Fertile natural matings
were considered those that ended in parturition. The pregnancy diagnosis was made by
abdominal palpation 12 days after natural mating, and the kits were weaned at 28 days
of age.

An experiment was performed to analyze the progress in body temperature of does in
the first hour after natural mating. Each doe was moved to a male cage for natural mating.
After copulation, the doe was returned to her cage. Handling, grouping, and mating are
considered stressful stimuli [13–15]. The body temperature emissivity was measured by
IRT of the eyeball. All IRTs were performed on the does’ cages.

A total of 21 does of the Low line and 22 does of the High line were used to measure the
eyeball temperature emissivity before the second natural mating, and at 5, 30, and 60 min
later. The temperature recorded before the second natural mating was considered the
basal temperature. The experiment was carried out in two sessions with an environmental
temperature of 20 ◦C and 24 ◦C.

Another experiment was performed to study the effect of environment, lactation status
and fertility in basal temperature and in range between the basal temperature and 60 min
after natural mating with the same procedures of the first experiment. The temperature
emitted by the eyeball was measured in 56 does of the Low line and 37 does of the High
line. The experiment was carried out in 11 sessions that were grouped according to the
environmental temperature (Table 1).

Table 1. Distribution of thermographic sessions according to environmental temperature.

Environment 1 Environment 2

Number of sessions 4 7
Number of does 46 47

Mean temperature (◦C) 12.5 18.1
Standard deviation (◦C) 0.95 1.51

All temperature emissivity images were taken at 0.7 m of the doe with a ®FLIR SC660
thermal imaging camera and processed with ®ThermaCAM Researcher Pro 2.10 software
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to obtain the temperature record (Figure 1). Two thermographs of each rabbit were taken
at each moment, and the maximum temperature recorded in each pair was averaged.
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Figure 1. Thermographic image of a rabbit photographed with the ®FLIR SC660 thermal
imaging camera.

2.3. Traits

The following traits were analyzed: temperature just before the second mating (basal
temperature), temperature 5, 30, and 60 min after mating, temperature range, and indi-
vidual weight at mating. Temperature range was defined as the difference between basal
temperature and 60 min after mating.

2.4. Statistical Analysis

The model for analyzing the progress in temperature in the first hour after stressful
stimulus included the effects of environmental temperature (two levels: session 1 with
environmental temperature of 20 ◦C and session 2 with environmental temperature of
24 ◦C) and line-moment (eight levels; low line before mating, low line at 5 min, low line at
30 min, low line at 60 min, high line before mating, high line at 5 min, high line at 30 min,
and high line at 60 min), the random effect of female, and female weight as covariate.

The model for analyzing the effect of environment, lactating status, and fertility
included the effects of environmental temperature (two levels, see Table 1), lactation status
(two levels: lactating and non-lactating does), fertile mating (two levels; fertile and non-
fertile), line (two levels; the Low line and the High line), and female weight as covariate.

All analyses were performed using Bayesian methodology [9]. Bounded uniform
priors were used for all effects with the exception of the female effect, which was considered
normally distributed with mean 0 and variance Iσ2

f , where I is a unity matrix and σ2
f is

the variance of the female effect. Female and residual effects were considered to be
independent. Residuals were a priori normally distributed with mean 0 and variance
Iσ2

e . The priors for the variances were also bounded uniform. Features of the marginal
posterior distributions for all unknowns were estimated using Gibbs sampling. The Rabbit
program developed by the Institute for Animal Science and Technology (Valencia, Spain)
was used for all procedures. A chain of 60,000 samples was used, with a burn-in period
of 10,000. Only one out of every 10 samples was saved for inferences. Convergence was
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tested using the Z criterion of Geweke and Monte Carlo sampling errors were computed
using time-series procedures.

3. Results
3.1. Correlated Response to Selection in Temperature Emissivity

Figure 2 shows that the Low and the High lines displayed similar eyeball temperature
at baseline moment. The Low line increased slightly eyeball temperature at 5 min after
stressful stimulus (from 35.69 ◦C to 36.32 ◦C), and this increase remained up to 60 min
after stress (36.55 ◦C). The High line showed higher temperature than the Low line at
30 min (+0.96 ◦C, p = 0.99). At 60 min, temperature was similar between lines. The
evolution of temperature was different between lines, since the High line reached the peak
of temperature later than the Low line (at 30 min vs. 5 min), and its peak was higher
compared to the Low line (36.95 ◦C vs. 36.32 ◦C).
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Figure 2. Evolution of eyeball temperature to basal time, 5 min, 30 min, and 60 min after stressful stimulus in the Low and
the High line. Different letters mean differences with p greater than 0.90. Bars indicate highest posterior density region
at 95%.

3.2. Effect of Season and Lactating Status of Does in Eyeball Temperature

Table 2 shows the features of marginal posterior distributions of the difference between
Environment 1 and Environment 2 for basal eyeball temperature and temperature range.
Does showed lower basal temperature emissivity in Environment 1 (−1.09 ◦C, p = 1) than
in Environment 2. No evidence of difference in temperature variation was found between
environments (p = 0.79).

Table 2. Effect of Environments on basal temperature and temperature range between basal and 60 min.

Time (n = 93) Environment 1 Environment 2 DEnv1-Env2 HPD95% p

Basal 32.19 33.28 −1.09 −1.78, −0.39 1
Basal-60 min 2.01 2.32 −0.31 −1.07, 0.44 0.79

n: number of data. DEnv1-Env2: differences in eyeball temperature between Environments [1 and 2]. HPD95%:
highest posterior density region at 95%. p: probability of the difference being >0 when DEnv1-Env2 > 0 or being <0
when DEnv1-Env2 < 0.
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Table 3 shows the features of marginal posterior distributions of the difference between
lactating and non-lactating does for basal eyeball temperature and between basal eyeball
temperature and 60 min after the stressful stimulus of mating. Non-lactating does had
higher basal temperature than lactating ones (+0.60 ◦C, p = 0.97). It should be noted that
non-lactating does showed lower temperature variation between basal eyeball temperature
and 60 min after stressful stimulus than lactating does (−0.55 ◦C, p = 0.92).

Table 3. Effect of lactation on basal temperature and temperature range between basal and 60 min.

Time (n = 93) Non-Lactating (◦C) Lactating (◦C) Dnl-l HPD95% p

Basal 33.21 32.61 0.60 −0.01, 1.27 0.97
Basal-60 min 1.82 2.37 −0.55 −1.30, 0.25 0.92

n: number of data. Dnl-l: differences in eyeball temperature between non-lactating and lactating does. HPD95%:
highest posterior density region at 95%. p: probability of the difference being >0 when Dnl-l > 0 or being <0 when
Dnl-l < 0.

Not enough evidence of differences between fertile and non-fertile natural matings in
basal eyeball temperature or temperature variation was found (Table 4).

Table 4. Effect of fertility on basal temperature and temperature range between basal and 60 min.

Temperature (n = 93) Fertile (◦C) Non-Fertile (◦C) Df-nf HPD95% p

Basal 33.99 32.85 0.12 −0.49, 0.78 0.64
Basal-60 min 1.91 2.28 −0.37 −1.12, 0.39 0.83

n: number of data. Df-nf: differences in eyeball temperature between fertile and non-fertile does. HPD95%: highest
posterior density region at 95%. p: probability of the difference being >0 when Df-nf > 0 or being <0 when Df-nf < 0.

4. Discussion
4.1. Correlated Response to Selection in Temperature Emissivity

Different approaches have been developed to improve the ability of animals to cope
with environmental perturbations without decreasing their production. Litter size uni-
formity is directly related to environmental sensitivity. Therefore, selection for litter size
residual variance has been shown to be a suitable methodology for obtaining more resilient
animals. Beloumi [10] and Argente [11] found that the Low line had a major immunity, a
better behavior of inflammatory markers, and a superior reaction against infections, which
would be related to a better response of this line to stressful conditions. In a previous study,
García [12] found that the Low line made more efficient use of energy reserves than the
High line in stages of high demand such as delivery and lactation. This would suggest a
better response to stress from the Low line with respect to the High line. In this study, the
lines showed a different pattern in the evolution of eyeball temperature after a stressful
stimulus. The temperature increased by 3.2% in the High line, while the increment was
almost half in the low line (1.8%). A higher temperature emissivity is related to a greater
effect of stress [6,7]). Thus, our study would provide new evidence of the lower stress
sensitivity of the Low line.

As far as we know, this is the first time that the evolution of eyeball temperature after
a stressful stimulus has been studied in rabbits. Both lines had a higher eye temperature
60 min after mating than at basal time. Maintaining a high temperature after a stressful
stimulus depends on the species. Thus, in sport horses, it has been shown that the tempera-
ture emissivity measured in the eye is higher from 5 min after a competition and even at
3 h than in its basal state [16,17]. In rats, it has been seen that the eye temperature returned
to basal level 14 min after the stressful stimulus [18].

4.2. Effect of Season and Lactating Status of Does in Eyeball Temperature

The environment temperature is very important for rabbit health because rabbits
cannot effectively sweat, and panting is not efficient for cooling [19]. Higher basal eye
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temperature emissivity in Environment 2 (average temperature of 18.1 ◦C) than Environ-
ment 1 (average temperature of 12.1 ◦C) was found. Does reacted with higher emissivity of
body temperature to keep their homeostasis against the environment with high tempera-
ture [6,7,20].

Lactation is considered a stressful period to does. Our results showed that basal
eyeball temperature and the increment in temperature from mating to 60 min later were
greater in lactating does than in non-lactating ones. This agrees with higher cortisol levels
in lactating does than non-lactating does reported by Argente et al. [21].

Similar basal temperature and temperature range was found in fertile and non-fertile
mating. Ovulation in rabbit does is inducted by coitum, and ova are released between
10 and 12 h after mating [22]. Therefore, our findings show that basal temperature and
temperature variations at 10–12 h before ovulation would have no effect in the fertilization
of ova.

5. Conclusions

Selection for litter size residual variance showed a correlated response in does’ body
temperature. The does selected for reducing litter size variability showed a lower increase
in temperature after a stressful stimulus, which would suggest a better welfare of these
females. This study should be considered preliminary and it will be necessary to conduct
additional studies to confirm these results.
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