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El Conejo

El conejo se tiene en todas las casas pal gasto, porque es mu buen apafio y no se vende, a no
ser un compromiso mu grande con algun vecino o un familiar. Antes se les daba solo hierba;
pero ahora se les pone también pienso y grano y rasca, una planta bravia. Los gitanos se
ganaban la vida con la rasca, la cortaban y hacian canastos, unas cestas estupendas, y de
cafia también las hacian; pero esas grandes pa la fruta eran de rasca. La rasca se coge en
haces y se lleva a la casa y se le va echando a los conejos, que van dejando solo el corazon, la

cascara de los tallejos es lo mas vélido pal conejo.

La coneja cria todos los meses, antes tenia tres conejos en cada uno (camada), pero ahora
tienen hasta ocho y nueve en cada cria, es que han cogio ellos (los conejos) un control que les
da resultado. Hay que tener macho bueno y echarselo a la coneja a su tiempo y quitarselo
también, porque ellas crian solas; poco después de tener las crias se le quitan y se ponen
juntas con las de las otras conejas y a toas se le vuelve a meter el patron (el macho) pa que

crien otra vez.

La mujer va por hierba todas las mafianas, o a por alfalfa al huerto de la familia, si esté cerca
del pueblo; la alfalfa se pone a secar al sol sobre unas tablas y se les echa orea y es mu buena
pa que se la coman. Por el verano, con la calor, no se les puede echar por las mafianas, porque
se mueren, ademas escasea la hierba de los alrededores y luego los huertos estan ocupaos, asi
que los hombres, cuando venimos del campo, traemos un haz de hierba o de rasca, si hemos

tenio lugar de arrecogerlo y, si no, se les da un poco de pienso o grano.

Navarro Alcala-Zamora.
Tratadillo de Agricultura Popular
Consejeria de Agricultura, Ganaderia, Pesca y Desarrollo Sostenible.

Junta de Andalucia.






“...ningun animal es mas dificil de domesticar que el gazapo del conejo silvestre;

y casi ningun animal es mas docil que el gazapo del conejo doméstico™

Charles Darwin.






AGRADECIMIENTOS

Llevar a cabo este trabajo ha supuesto no solo un gran esfuerzo, también un motivo de
satisfaccion y sentimiento constante de apoyo de las personas que me han rodeado durante

estos afos.

En primer lugar quiero dar mi agradecimiento sincero a mis directores de Tesis, Mercedes
Valera Cérdoba, Pedro Gonzélez Redondo y a Maria José Sanchez Guerrero. Me ha permitido
conocer a unas personas con unos grandes valores personales y profesionales. Gracias por
vuestra paciencia, la disponibilidad en cualquier momento, por vuestro estimulo. Ha sido una
suerte teneos como directores. Sin vuestros conocimientos y apoyo hubiera sido dificil andar
este camino. Muchas gracias a los tres por la oportunidad que me habéis dado, ha sido una
verdadera suerte contad con vosotros. Sois fuente de sabiduria, esfuerzo y amabilidad.

A mi familia, un sentido agradecimiento. A mis padres, por haber confiado en mi siempre, no
solo en esta etapa, sino en todas las que me han llevado hasta aqui, lo que ha supuesto siempre
una motivacion para hacer todo aquello que me he propuesto. Siempre he tenido el aliento de
ellos. Aunque en estos Ultimos afios mi madre no ha estado a mi vera, si la ha sentido muy
Cerca, transmitiéndome el &nimo y carifio que le caracterizaba. A mi mujer y a mis hijos,
motivos de mi gran felicidad. A Isabel por haberme apoyado y estimulado en las fases de crisis
para que llevara a buen puerto este proyecto. A Andrés, Isabel y Cayetana que a pesar de no
entender muy bien por qué y para qué dedicaba tantas horas al estudio y la lectura, estaban ahi
diciendo “papa esta con la Tesis”. Les tengo que agradecer que si supieran respetar que en esos
momentos no les dedicara el tiempo a ellos y si a los conejos. Espero que esas “ausencias” sean
una motivacién para su vida personal y académica. A mis hermanos, Curri, Maripili y Alfonso,

que son un gran apoyo.

A mis amigos y compaferos de trabajo, especialmente a Rafa, Pablo, Pilar, Juan Javier y
Ricardo que han vivido de cerca la preparacion de esta Tesis, por estar ahi, por vuestro apoyo y
carifo. A mi entrafiable amigo Sebastidn Guzman Guzman, compafiero de muchas batallas y
horas dedicadas a nuestra comun pasion, el perro Ratonero Bodeguero Andaluz, siempre le

estaré agradecido por su confianza y amistad sincera.



No puedo terminar sin hacer un reconocimiento a la pieza basica de esta Tesis, el conejo.
Animal que ha supuesto una importante fuente alimento durante toda la historia de nuestra
querida tierra, no solo para las personas, sino para otras especies que hacen que la

biodiversidad de Espafia sea tan rica. Es méas que merecido que nuestro pais se denomine Tierra

de Conejos, su animal insignia.



INDICE







Indice de Contenidos

LISTADO DE ABREVIATURAS UTILIZADAS ..ot 17
RS UV = TR 21
ABSTRACT ..ottt ettt ettt ettt ettt et ettt e st en sttt et n et en e 21
INTRODUGCCION ...ttt ettt 31
(@] =8| = 1Y/ 1RO 41
CAPTTULOS ..ottt ettt ettt ettt sttt en ettt en e 45
1. CAPITULO 1. EVALUACION DEL ESTRES AGUDO EN CONEJOS DE
ENGORDE REACCIONANDO A LA MANIPULACION .......cccoooveieiieeceee 45
2. CAPITULO 2. INFLUENCIA DEL ESTRES Y PARAMETROS
AMBIENTALES EN EL RENDIMIENTO DE CONEJOS DE ENGORDE......... 62

3. CAPITULO 3. RELACION ENTRE LA TEMPERATURA RECTAL Y LA
TEMPERATURA DE VARIAS REGIONES DEL CUERPO MEDIDA POR

TERMOGRAFIA INFRARROJA EN CONEJOS DE ENGORDE .........ccceuvveee., 79
DISCUSION GENERAL ...ttt ettt sttt an s 97
(070 N[ I U 1] 0] ] =57 113
REFERENCIAS BIBLIOGRAFICAS........coooieeeeeteee ettt 117
MERITOS RELACIONADOS CON LATESIS ..ottt 117

1. PUBLICACIONES EN REVISTAS JCR ...co.vviiiiieeeeeee e, 135
2. PUBLICACIONES EN REVISTAS DE DIVULGACION .......cccoovvveeiieecene, 136
3. LIBROS COMPLETOS.....cooieitieeieieeeeeeete ettt sian s 138
4. CONGRESOS INTERNACIONALES .....cocviiiieeeeeeeeee st 139
5. CONGRESOS NACIONALES ......ocoiiiiieceet ettt 140

6. CURSOS IMPARTIDOS ...ttt 141






LISTADO DE ABREVIATURAS UTILIZADAS

ADG: Ganancia media diaria

DFI: Ingesta diaria de pienso

DIF: Diferencia de temperatura tomada por termografia infrarroja en el oido interno de los
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ETOLOGIAY BIENESTARANIMAL EN LA ESPECIE CUNICOLA

RESUMEN

La temperatura corporal de los animales es un indicador fisiolégico que permite valorar su
estado de salud y el nivel de estrés. Los conejos a menudo experimentan estrés cuando
perciben ciertos estimulos, como la manipulacion realizada por el hombre en las granjas
cunicolas. La respuesta fisioldgica de los conejos al estrés esta asociada con la eficiencia de la
alimentacion, siendo los animales con menor capacidad de reaccion al estrés los que muestran
el mayor rendimiento. La temperatura corporal ha sido medida tradicionalmente via rectal
mediante termdmetro convencional, existiendo actualmente alternativas como la termografia
infrarroja. Para la realizacion de la presente Tesis Doctoral, se establecieron tres estudios sobre
conejos fenotipicamente similares a la raza autoctona Antiguo Pardo Espafiol durante un
periodo de engorde de 38 dias.

En el primero de los estudios se evalu6 el estrés agudo midiendo, mediante termografia
infrarroja (IRT) en las estaciones calida (primavera) y fria (invierno), la temperatura del ojo
(ETT), del oido externo (OETT), del oido interno (IETT) y de la nariz (NTT) en 40 conejos
durante la fase de engorde. Las medidas se realizaron dos veces por semana y dos veces al dia,
antes y después de que un manipulador sostuviera a los conejos con los brazos durante un
minuto. También se registraron la temperatura ambiente y la humedad relativa, evaludndose su
influencia en la temperatura corporal. Para las cuatro partes anatomicas, en donde se tomd la
temperatura infrarroja, se calculo la variacion de la temperatura entre el conejo manipulado y
no manipulado. También se estimd la diferencia entre la temperatura de cada region anatomica
del conejo no manipulado y la temperatura ambiente.

La variacion de temperatura entre los conejos manipulados y no manipulados oscilé entre
0,25+0,04 °C para ETT y 3,09+0,22 °C para OETT en la estacion calida (primavera) y de
-0,41+0,18 °C para NTT a 2,09+0,18 °C para OETT en la estacion fria (invierno). El dia del
transcurso del periodo de engorde influyé en todos los rangos de temperatura durante las
estaciones céalida (primavera) y fria (invierno), a excepcién del IETT en el invierno. En
primavera, a diferencia del invierno, la variacion de temperatura al final del periodo de
engorde, entre conejos manipulados y no manipulados, fue menor que al destete (-0,04 a 1,94
°C vs 0,54 a 552 °C). Las temperaturas en conejos no manipulados se correlacionaron
positivamente y de forma significativa (p<0,05, excepto en nariz) con la temperatura ambiente.

En el segundo estudio se evalud, durante dos épocas del afio (primavera e invierno), el impacto,
sobre los parametros de rendimiento en 39 conejos de engorde, del estrés por calor (indice
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temperatura-humedad; THI) y del estrés del conejo debido a la manipulacion. Este estrés fue
evaluado mediante la diferencia de temperatura tomada por termografia infrarroja en el oido
interno, antes y después de ser manipulados (DIF). Para ello, se establecid una escala en
funcion del valor DIF: nivel 1 (no estresado): DIF<0 °C; nivel 2 (levemente estresado): 0
°C<DIF<5 °C; nivel 3 (estresado): 5 °C <DIF<10 °C y nivel 4 (muy estresado): DIF>10 °C.

Los rendimientos productivos obtenidos en los conejos fueron bajos, al tratarse de una raza

rastica no mejorada. La ingesta diaria de pienso (DFI) fue de 77,80+1,34 g/d, la ganancia
media diaria (ADG) fue de 25,80+0,46 g/d, el peso corporal total (TBW) fue de 1383,38+40,42
0, la ingesta total de pienso (TFI) fue de 2956,57+94,85 g, la ganancia total de peso (TWG) fue
de 940,18+30,91 g vy el indice de conversion alimenticia (FCR) fue de 3,18+0,06. Los animales
fueron mas productivos en la estacion fria, ya que los valores obtenidos para la DFI
(80,30+2,63 g/d temporada fria vs 76,21+1,42 g/d temporada célida), la ADG (27,39+0,83 g/d
vs 24.79+0.52 g/d), el TBW (1445,39+61,36 g vs 1335,49+52,66 g), la TFI (3027,35+50,31 g
vs 2901,87+119,90 g) y la TWG (961,72+17,79 g vs 924,94+35,60 g) fueron mayores, mientras
que el FCR fue mayor en la estacion célida (3,08+0,09 vs 3,24+0,07). EI THI influyo
significativamente en la ADG y DFI. Los conejos con niveles més altos de estrés mostraron
valores mas altos de ADG, DFI y FCR. Cuanto mayor era el estrés debido al manejo, menos
eficientes eran los animales. El FCR aumento al incrementarse el THI.

En el tercer estudio se buscaron alternativas a la tradicional medicion de la temperatura rectal
(RT) que es usada habitualmente en el examen clinico de los conejos. En estos examenes
clinicos la temperatura se suele registrar con un termometro digital introducido por via rectal,
siendo un procedimiento invasivo que podria producir estrés por manipulacion. Para buscar
alternativas que no perturben el bienestar del conejo, se evalué la temperatura corporal,
mediante el uso de una camara de IRT, dos veces por semana en las mismas cuatro areas de la
anatomia del conejo utilizadas en los dos estudios anteriores: ETT, OETT, IETT y NTT. Se
establecieron 3 lotes de engorde en funcion del periodo del afio en que se realizaba: abril-mayo,
junio-julio y enero-febrero. Y ademaés se controlaron, para cada uno de los lotes, los factores
madre de la que proceden los conejos (8 conejas madres), semana del periodo de engorde (4 a5
semanas) y el tamafio del grupo de conejos de engorde, en funcion del nimero de conejos
alojados en cada jaula (individuales con un solo conejo por jaula, grupos pequefios que
contenian de 2 a 4 conejos por jaula y grupos grandes que contenian de 5 a 7 conejos por

jaula). EI nimero total de conejos controlados fue de 48.
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Los resultados mostraron unos valores medios de 38,48+0,02 °C para RT, de 37,31%0,05 °C
para ETT, de 29,09+0,26 °C para OETT, de 30,53%0,25 °C para IETT y de 33,29+0,11 °C para
NTT. Se observaron correlaciones positivas moderadas y estadisticamente significativas
(p<0,001) entre la RT y las cuatro temperaturas medidas con IRT (IETT, OETT, ETT y NTT),

tanto en general (0,39 a 0,49) como intraclase (0,36 a 0,39) corregidas por los factores lote,
tamafo del grupo, semana de engorde y madre. Las medidas termograficas que mostraron
mayor correlacion con la RT fueron OETT (0,49), IETT (0,47) y NTT (0,47). También se
estudiaron los efectos que podrian influir en las variables de temperatura evaluadas por IRT y
RT dentro de cada lote (semana del periodo de engorde, tamafio del grupo y madre de los
conejos). Se encontraron diferencias significativas (p <0,001) entre semanas de engorde
(tendencia positiva que evidencid un incremento de la temperatura de los conejos a medida que
avanzaba el periodo de engorde). También se observd una tendencia hacia temperaturas mas
altas a medida que aumentaba el tamafio del grupo, observandose solo diferencias
estadisticamente significativas (p<0,05) para las variables IETT y OETT en un lote de engorde
(lote 1), con los animales del grupo pequefio mostrando los valores de temperatura mas altos
para ambas variables en comparacion con los del grupo grande. El efecto coneja madre no
mostrd diferencias estadisticamente significativas dentro de los lotes.

En conclusion, la IRT es una herramienta eficaz para evaluar la temperatura corporal de los
conejos de engorde, correlaciondndose positivamente con la RT y evitando el estrés de
manipulacion que ocasiona la RT. La medicion de la temperatura corporal con una camara de
IRT es una alternativa Util para evaluar el estrés agudo en conejos manipulados, siendo el IETT
y el ETT las partes del cuerpo del conejo mas adecuadas para su medicion. Los cambios en el
bienestar animal causados por la reactividad de los conejos a factores climaticos y el estrés por
manipulacion afectan la productividad animal, evidenciandose que cuanto mayor era el estrés
debido al manejo, menos eficientes eran los animales. EI FCR aument6 de forma paralela al

incremento del THI.

PALABRAS CLAVE

Conejo, estrés, Oryctolagus cuniculus, periodo de engorde, rendimiento productivo,

temperatura corporal, termografia infrarroja, termorregulacion.
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ABSTRACT

The body temperature of animals is a physiological indicator of their health status and stress
level. Rabbits often experience stress when they perceive certain stimuli, such as handling by
humans on rabbit farms. The physiological response of rabbits to stress is associated with feed
efficiency, with those rabbits with the lowest stress responsiveness showing the highest
performance. Body temperature has traditionally been measured rectally by conventional
thermometer, but nowadays there are alternatives such as infrared thermography. For this
Doctoral Thesis, three studies were carried out on rabbits phenotypically similar to the native
breed Antiguo Pardo Espafiol (Spanish Common rabbit) during a fattening period of 38 days.

In the first study, acute stress was assessed by measuring eye (ETT), outer ear (OETT), inner
ear (IETT) and nose (NTT) temperature in 40 rabbits during the fattening phase using infrared
thermography (IRT) in the warm (spring) and cold (winter) seasons. Measurements were taken
twice a week and twice a day, before and after a handler held the rabbits in his arms for one
minute. Ambient temperature and relative humidity were also recorded and their influence on
body temperature was assessed. For the four anatomical parts, where the infrared temperature
was taken, the temperature variation between the handled and unhandled rabbit was calculated.
The difference between the temperature of each anatomical region of the unmanipulated rabbit
and the ambient temperature was also estimated.

Temperature variation between handled and unhandled rabbits ranged from 0.25+0.04 °C for
ETT to 3.09+0.22 °C for OETT in the warm season (spring) and from -0.41+0.18 °C for NTT
to 2.09£0.18 °C for OETT in the cold season (winter). The day of the fattening period
influenced all temperature ranges during the warm (spring) and cold (winter) seasons, with the
exception of IETT in the winter. In spring, in contrast to winter, the variation in temperature at
the end of the fattening period, between handled and non-manipulated rabbits, was smaller than
at weaning (-0.04 to 1.94 °C vs 0.54 to 5.52 °C). Temperatures in unmanipulated rabbits
correlated positively and significantly (p<0.05, except for nose) with ambient temperature.

In the second study, the impact of heat stress (temperature-humidity index; THI) and rabbit
stress due to handling, assessed by the difference in temperature taken by infrared
thermography in the inner ear before and after handling (DIF), on performance parameters in
39 fattening rabbits was evaluated during two periods of the year (spring and winter). For this

purpose, a scale was established according to the DIF value: level 1 (not stressed): DIF<0 °C;
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level 2 (slightly stressed): 0 °C<DIF<5 °C; level 3 (stressed): 5 °C <DIF<10 °C and level 4
(highly stressed): DIF>10 °C.

The productive performances obtained in the rabbits were low, being a non-improved hardy
breed. Daily feed intake (DFI) was 77.80+1.34 g/d, average daily gain (ADG) was 25.80+0.46
0/d, total body weight (TBW) was 1383.38+40.42 g, total feed intake (TFI) was 2956.57+94.85
g, total weight gain (TWG) was 940.18+30.91 g and the feed conversion ratio (FCR) was
3.18+0.06. The animals were more productive in the cool season, as the values obtained for
DFI (80.30£2.63 g/d cool season vs 76.21+1.42 g/d warm season), ADG (27.39+0.83 g/d vs
24.79+0. 52 g/d), TBW (1445.39+61.36 g vs 1335.49+52.66 g), TFI (3027.35+50.31 g vs
2901.87+119.90 g) and TWG (961.72+17.79 g vs 924.94+35.60 g) were higher, while FCR
was higher in the warm season (3.08+0.09 vs 3.24+0.07). THI significantly influenced ADG
and DFI. Rabbits with higher levels of stress showed higher values of ADG, DFI and FCR. The
higher the stress due to management, the less efficient the animals were. FCR increased with
increasing THI.

In the third study, alternatives to the traditional rectal temperature (RT) measurement
commonly used in the clinical examination of rabbits were sought. In these clinical
examinations, the temperature is usually recorded with a digital thermometer introduced
rectally, which is an invasive procedure that could cause stress due to manipulation. In order to
look for alternatives that do not disturb the welfare of the rabbit, body temperature was
assessed, using an IRT camera, twice a week in the same four areas of the rabbit anatomy used
in the two previous studies: ETT, OETT, IETT and NTT. Three fattening batches were
established according to the time of year: April-May, June-July and January-February. In
addition, for each of the batches, the mother from which rabbits originate (8 doe rabbits), the
week of the fattening period (4 to 5 weeks) and the size of the group of fattening rabbits
according to the number of rabbits housed in each cage (individual rabbits with only one rabbit
per cage, small groups containing 2 to 4 rabbits per cage and large groups containing 5 to 7
rabbits per cage) were also controlled. The total number of rabbits monitored was 48.

The results showed mean values of 38.48+0.02 °C for RT, 37.31+0.05 °C for ETT, 29.09+0.26
°C for OETT, 30.53+0.25 °C for IETT and 33.29£0.11 °C for NTT. Moderate and statistically
significant (p<0.001) positive correlations were observed between RT and the four
temperatures measured with IRT (IETT, OETT, ETT and NTT), both overall (0.39 to 0.49) and

intraclass (0.36 to 0.39), according to batch, group size, fattening week and doe.
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The thermographic measures that showed the highest correlation with RT were OETT (0.49),
IETT (0.47) and NTT (0.47). The effects that could influence the temperature variables
assessed by IRT and RT within each batch (week of fattening period, group size and mother of
rabbits) were also studied. Significant differences (p<0.001) were found between weeks of
fattening (positive trend showing an increase in temperature of the rabbits as the fattening
period progressed). A trend towards higher temperatures was observed as group size increased,
with only statistically significant differences (p<0.05) observed for IETT and OETT variables
in one fattening batch (batch 1), with animals in the small group showing the highest
temperature values for both variables compared to those in the large group. The mother rabbit
effect did not show statistically significant differences within batches.

In conclusion, IRT is an effective tool to assess body temperature in fattening rabbits,
correlating positively with RT and avoiding the handling stress caused by RT. Measuring body
temperature with an IRT camera is a useful alternative to assess acute stress in handled rabbits,
with the IETT and ETT being the most suitable body parts for measurement. Changes in
animal welfare caused by the rabbits' reactivity to climatic factors and handling stress affect
animal productivity. The higher the stress due to handling, the less efficient the animals were.

The FCR increased in parallel with the increase in THI.

KEY WORDS

Body temperature, fattening period, infrared thermography, Oryctolagus cuniculus, production

efficiency, rabbit, stress, thermoregulation.
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INTRODUCCION

Los conejos son animales originarios de la Peninsula Ibérica donde surgieron a mediados del
Pleistoceno (Ferrand, 2008), teniendo actualmente una distribucion por numerosos
territorios del mundo y estando adaptados a distintos ecosistemas (Thompson y King,
1994). El término “Espafia” derivado de la palabra Hispania, procede de la latinizacion de I-
Sapham-Im o tierra de conejos que dieron los fenicios (Rougerot, 1981). La domesticacion del
conejo se produjo durante la Edad Media, en los monasterios del sur de Francia (Clutton-
Brock, 1999), siendo la Unica especie de mamiferos que se ha domesticado en zonas distintas a
Asia y América (Clutton-Brock, 1999; Diamond, 2002; Bruford et al., 2003), extendiéndose
posteriormente hacia Africa, Australia, Nueva Zelanda y América del Sur y numerosas islas,

entre ellas las Canarias y Azores (Flux y Fullagar, 1992; Flux, 1994).

Aungue algunas razas de conejos se mantienen como mascotas y otras se explotan con diversos
fines (piel, pelo, etc.), el principal uso productivo de la especie es para la produccion de carne,
ya que ésta posee unas cualidades nutritivas saludables (Samkol y Lukefahr, 2008; Para et al.,
2015), incluyendo bajo contenido de grasa, alto contenido de proteinas, alta digestibilidad y
bajo contenido de sales minerales, como sodio y potasio (Dalle-Zotte, 2002; Combes, 2004).
Ademas de las cualidades nutricionales de su carne, los conejos tienen un alto potencial
reproductivo, ya que alcanzan la madurez sexual rapidamente, tienen un periodo de gestacion
corto y una tasa de crecimiento rapida. Por tanto, tienen un gran potencial como fuente de

proteina animal, principalmente para los paises en desarrollo (Para et al., 2015).

A nivel mundial, con respecto a la produccion animal, los conejos constituyen la cuarta especie
animal con mas censo y la segunda en la Union Europea, con casi 160 millones de animales
sacrificados por afio para la produccién de carne segun el censo de 2019 (FAOSTAT, 2022).
Mas de tres cuartas partes de la produccion de conejos se encuentran en paises mediterraneos
como Italia, Espafia y Francia (FAOSTAT, 2022), que suponen alrededor del 85% de la
produccion cunicola de toda la Union Europea (MAPA, 2022a). EI consumo de carne de conejo
forma parte de la cultura gastrondmica de estos paises mediterraneos (Petracci y Cavani, 2013)

y se encuentra tradicionalmente vinculada a determinadas zonas de Espafia.
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La produccién de conejos ha estado muy vinculada con el mundo rural, siendo muchas
explotaciones de propiedad familiar (Roca, 2009) o empresas cunicolas pequefias-medianas.
Este tipo de ganaderia ha contribuido a la incorporacion de la mujer al trabajo, siendo un gran
numero de mujeres titulares de este tipo de explotaciones ganaderas en Espafia (Langreo y
Benito, 2010). Sin embargo, en los ultimos afios ha tenido una evolucion hacia la
profesionalizacion del sector, disminuyendo la produccion de autoconsumo y de

abastecimiento cercano a la propia explotacion (MAPA, 2022a).

En Espafia han desaparecido préacticamente todas las razas autoctonas de conejos, como la
Andaluza, Moruna y el Lebrel Espafiol (Lépez y Sierra, 1998). Otras como el Conejo Comun o
Conejo del Pais (Lopez y Sierra, 1998), el Conill Eivissenc (Payeras, 2009) o el Gigante de
Espafia (Sierra y Lopez, 1990) se encuentran en peligro de extincion, siendo sustituidas por
cruces con razas extranjeras y estirpes y lineas derivadas de ellas. Enfermedades como la
mixomatosis y la neumonia hemorrégica virica también han contribuido a su desaparicion o la
reduccion drastica de sus censos (Vega, 2008). ElI Conejo Comaun, oficialmente reconocido
como Antiguo Pardo Espafiol, tuvo una gran difusion por todo el pais hasta el segundo tercio
del siglo XX que, con el desarrollo de la cunicultura intensiva, su uso quedo relegado a la cria
rural y familiar (Gonzalez-Redondo, 2016). Esta deriva ha contribuido a que no estuviera
incluido en el Catalogo de Razas de Ganado de Espafia hasta el afio 2016, momento en el que
la Comision Nacional de Coordinacion para la conservacion, mejora y fomento de razas
ganaderas, informo favorablemente sobre su incorporacion en el citado Catalogo, en el punto 1
de Razas Autdctonas, del apartado b) y catalogada como “en peligro de extincion” en el
namero 8° de otras especies (MAPA, 2016). Es una raza muy utilizada en la modalidad de
cunicultura urbana de traspatio, en explotaciones de autoconsumo. Este tipo de ganaderos
prefieren un morfotipo rustico, de capa parda y formato mediano como es el caso del Antiguo
Pardo Espafiol (Gonzélez-Redondo, 2014). Al igual que el resto de las razas autdctonas, su
gran virtud es la enorme adaptacion al medio y su resistencia a las enfermedades, aunque tiene
el handicap de que puede estresarse con facilidad (Sierra 'y Lopez, 1991). Actualmente su censo
poblacional es bajo, manteniéndose en explotaciones familiares del sureste espafiol, en Galicia,
Asturias y algunas localidades de Aragén y Castilla y Leon (MAPA, 2022b). Esta raza, de
produccidn cérnica, tiene un crecimiento algo mas lento que las otras razas cunicolas
integradas en nuestro pais, aunque por su rusticidad podria ser de las que mejor se adecuen al
sistema de produccion ecoldgica. Ademas, el color pardo de su capa se asocia facilmente al
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caracter rustico y campero propio de este tipo de producciones ecoldgicas. A la edad minima
establecida por la normativa de produccion ecoldgica para el sacrificio (90 dias), se obtienen

canales del tamafio que el mercado de nuestro pais demanda (Gonzalez-Redondo, 2016).

Los sistemas actuales de cria intensiva de conejos, al igual que en otras especies productivas,
dependen en gran medida de la manipulacion realizada por el hombre, ya que las personas son
las encargadas de la alimentacion, del control del fotoperiodo, del manejo reproductivo, etc.
Ademas, una de las mayores desventajas de estas producciones es que los conejos siguen
percibiendo a los humanos como depredadores y estan predispuestos a asociar su presencia con
estimulos negativos, lo que suele constituir un factor de estrés y miedo (Trocino y Xiccato,
2006), ya que son animales de presa por naturaleza (Benato et al., 2019). Cabe afiadir que la
timidez es uno de los principales atributos de los conejos, siendo animales esquivos e
independientes (Trocino y Xiccato, 2006), lo que hace més dificil percibir su miedo o estrés
agudo. Todo esto se contrapone a las caracteristicas preferenciales que se seleccionan a la hora
de domesticar animales, como la docilidad y el no tener miedo a las personas (Parsons, 1988).
Estas caracteristicas comportamentales propias de los conejos pueden ser debidas a que fueron
domesticados mucho mas tarde que otras especies (Morton, 2002) y los efectos de la
domesticacion en ellos no son tan marcados, conservandose alin muchas caracteristicas de sus
ancestros salvajes, como cavar madrigueras y hacer nidos (Stodart y Myers, 1964; EFSA,
2005). También, hay que destacar que, aunque pueden ser animales tranquilos y ddciles,
tienden a ser asustadizos (Ward, 2006). Para intentar adaptar estas caracteristicas propias de los
conejos a los sistemas productivos, un trato adecuado por parte de los criadores puede ayudar a
disminuir el miedo y contribuir a su bienestar (Csatadi et al., 2005). EI manejo correcto tiene
efectos extremadamente positivos en esta especie, especialmente si comienza poco después del
nacimiento (Zucca et al., 2012), ya que el periodo critico para la socializacion ocurre cuando
los gazapos abren los ojos por primera vez en el nido, alrededor de los 10 dias de edad (Schoen
y Wynn, 1998).

El estrés es un fendmeno de adaptacion en la respuesta de un animal a los cambios que se
producen en su entorno (Veissier y Boissy, 2007) e implica la respuesta del organismo a un
estimulo que desencadena la activacion del eje hipotalamo-hipofisis-adrenocortical (HPA) y
del sistema simpético-adrenomedular (Mostl y Palme, 2002). Diferentes estudios han

demostrado que esto ocurre activando una serie de cambios de comportamiento, principalmente
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fisiologicos y de escape (Temple et al., 2014). Estas alteraciones fisioldgicas son respuestas
répidas que garantizan la supervivencia de los animales (Wingfield et al., 1997). A corto plazo,
una respuesta a un estimulo estresante se desencadena por la activacion del sistema nervioso
simpatico, que libera catecolaminas (norepinefrina y epinefrina) de la médula suprarrenal
(Cunningham, 1999). Segun Axelrod y Reisine (1984), la actividad motora y las contracciones
del corazdn y el bazo aumentan en esta fase, liberando mas glébulos rojos. Se producen ajustes
vasomotores y dilatacion de la pupila, aumenta la coagulacion sanguinea y los linfocitos se
neutralizan para reparar el dafio tisular, mientras que la energia aumenta mediante la glucolisis
y la lipolisis (Axelrod y Reisine, 1984). Mas a largo plazo, a traves del HPA, actlan la
hormona liberadora de corticotropina, la hormona adrenocorticotrdpica y los corticosteroides
(en conejos, principalmente corticosterona y cortisol) (Kataoka et al., 2014).

Los animales pueden tener diferentes respuestas conductuales a la manipulacion; esto es lo que
se llama temperamento (Burrow y Corbet, 2000). Los animales pueden estresarse mas
facilmente si son mas excitables (Richardson y Herd, 2004). Ademas, la capacidad de cada
animal para hacer frente a situaciones estresantes y adversas es diferente (Monclus, et al.,
2006; Broom, 2011). Los cambios fisiologicos provocados por el estrés pueden tener efectos
adversos sobre el rendimiento productivo de los conejos, afectando parametros como el
consumo de alimento, el incremento del peso corporal, la conversion alimenticia y la calidad de
la carne obtenida (Kowalska et al.,, 2011). La eficiencia alimenticia estd asociada al
temperamento y a la respuesta de los animales al estrés, siendo los animales con menor
capacidad de reaccion al estrés los mas efectivos (Cafe et al., 2011). Estos efectos adversos
inciden en la viabilidad de la produccion comercial de carne de conejo, ya que la alimentacion
de una explotacion cunicola representa aproximadamente el 45% del coste total y en el caso
concreto de los gazapos durante el engorde en torno al 26% del coste total (Cartuche et al.,
2014).

Las condiciones ambientales, especialmente la temperatura y la humedad relativa, también

afectan tanto al estado fisioldgico como a la productividad de los animales (Ogunjimi et al.,

2008). Los conejos son particularmente sensibles al calor, ya que tienen pocas glandulas

sudoriparas y les resulta dificil reducir el calor corporal (Finzi et al., 2000; Marai et al., 2002).

El conejo se adapta bien a una zona termoneutra, comprendida entre 18 y 21 °C, en la que no

hace ningun esfuerzo por subir o bajar su temperatura (Fayez et al., 1994; Zeferino et al., 2011)
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y en la que no sufre ningln estrés por intentar mantener su temperatura corporal ni necesita
ninguna energia extra para regularlo, en detrimento de los indices de produccion (Bianca,
1976). Sin embargo, el estrés por calor en los conejos tiene una influencia negativa en la
produccion (Pla et al., 1994), siendo las altas temperaturas el factor principal que afecta la

produccidn de conejos en las regiones con un clima calido (Asemota et al., 2017).

El estrés se puede estimar a traves de biomarcadores y cambios en la temperatura corporal y
estos se pueden analizar utilizando diferentes técnicas, como mediante el analisis de los
parametros bioquimicos en la sangre (Mdstl y Palme, 2002) y en las excretas (Mon der Ohe y
Servheen, 2002) o mediante cambios en la temperatura corporal central (Chen y White, 2006).
Los cambios en la temperatura de la superficie corporal, como consecuencia del estrés tanto
agudo como cronico, pueden detectarse correctamente usando la temperatura rectal (Marai et
al., 2002), pero esta metodologia, ademas del tiempo que requiere para su medicién, es
invasiva y podria afectar negativamente el bienestar de los animales (Chung et al., 2010;
Vicente-Pérez et al., 2019). A pesar de ello, la medicion de la temperatura corporal, usando
termometro convencional, es una préactica usual en las visitas clinicas a las granjas (caso de los
conejos de produccion) y en las clinicas veterinarias (caso de los conejos de compafiia). Para
solucionar estos inconvenientes se esta estudiando el uso de la cAmara de termografia infrarroja
(IRT) para la medicién de la temperatura (Nakayama et al., 2005; Stewart et al., 2005; Unruh et
al., 2017). La energia electromagnética se mide mediante una camara de infrarrojos y detecta
las diferentes frecuencias de onda emitidas por cada valor de temperatura (Stewart et al., 2005).
Se obtiene una imagen conocida como fotografia termogréfica, que representa la temperatura
de la superficie estudiada. Cada regién del animal que es captada por la caAmara emite una
radiacion infrarroja diferente, que es interpretada como un color acorde a una banda de
distintas tonalidades, asociadas a las variaciones de la temperatura. Las imagenes son
posteriormente analizadas con ayuda de softwares especificos, obteniéndose las temperaturas
superficiales de cada una de las partes anatomicas del animal que son objeto de estudio.

La principal fortaleza de la IRT es que es un método no invasivo y sin contacto que puede
medir la temperatura de la superficie de los animales (McCafferty, 2013). Se ha utilizado con
éxito en rumiantes (Stewart et al., 2005), porcinos (Weschenfelder et al., 2013), perros (Travain
et al., 2015), caballos (Sanchez et al., 2016; Bartolomé et al., 2021) y burros (Silva et al.,

2015). En conejos, el uso de la termografia infrarroja se ha usado en distintos trabajos. Asi,
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Ludwig et al. (2006 y 2007) monitorizaron la temperatura de los conejos en una situacion de
estrés cronico, Vadlejch et al. (2010) estudiaron los cambios de temperatura en conejos con
parasitosis, Rafel et al. (2012) evaluaron el estrés térmico mediante la comparacion de la
evolucion de las temperaturas de diferentes zonas del cuerpo, De Lima et al. (2013) evaluaron
las diferencias de la temperatura corporal superficial cuando se somete a los animales a dos
temperaturas ambientales diferentes fuera de la zona de confort, Silva et al. (2014) han
estudiado la temperatura de los gazapos en los nidos con diferentes materiales y Silva et al.
(2015) estimaron la relacion de la temperatura con el peso vivo de los conejos durante el
periodo de engorde. Sin embargo, no hay trabajos que hayan investigado el uso de la
termografia en situaciones de estrés agudo debido al manejo y la correlacion que existe entre la
temperatura corporal de los conejos medida mediante termografia infrarroja y la temperatura
rectal medida con un termometro convencional, por lo que se ha considerado interesante

acometer la presente investigacion.

Esta Tesis Doctoral se estructura en tres capitulos, conectados entre si, que abordan distintos
aspectos de la evaluacion del estrés, sus repercusiones sobre la productividad y la medicion de
la temperatura corporal en conejos de engorde, de una estirpe fenotipicamente similar a la raza
autoctona Antiguo Pardo Espafiol. Cada uno de estos capitulos esta integrado por un articulo
cientifico que presenta los resultados obtenidos durante el desarrollo de esta Tesis.

En el primer capitulo se evalta el estrés agudo mediante la medicion de la IRT durante dos
estaciones, una célida (primavera) y otra fria (invierno), en cuatro zonas corporales del conejo
de engorde, antes y después de la manipulacion por la persona que actud de controlador: el ojo
(ETT), el oido externo (OETT), el oido interno (IETT) y la nariz (NTT). Este capitulo esta

integrado por el siguiente trabajo:

Jaén-Téllez JA, Sanchez-Guerrero MJ, Lépez-Campos JI, Valera M, Gonzalez-

Redondo P. 2020. Acute stress assessment using infrared thermography in fattening
rabbits reacting to handling under winter and summer conditions. Span. J. Agric. Res.,
18: e0502. https://doi.org/10.5424/sjar/2020182-15706

En el segundo capitulo se evalta el impacto del estrés por calor (indice temperatura-humedad,
THI) o por manipulacion (inmovilizacién humana), evaluado mediante termografia infrarroja,
36
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sobre los parametros de rendimiento de engorde. Este capitulo esta integrado por el siguiente
trabajo:

Jaén-Téllez JA, Sanchez-Guerrero MJ, Valera M, Gonzalez-Redondo P. 2021.

Influence of stress assessed through infrared thermography and environmental

parameters on the performance of fattening rabbits. Animals, 11: 1747.
https://doi.org/10.3390/ani11061747

En el tercer capitulo se evalua la relacion entre la temperatura tomada con cdmara de IRT en las
mismas cuatro partes diferentes de la anatomia en conejos de engorde (ETT, OETT, IETT y
NTT), con la temperatura rectal medida utilizando un termometro convencional, con el fin de
validarla como alternativa de uso. También se ha determinado la influencia de diferentes
efectos ambientales (madre, semana de engorde y tamafio del grupo) dentro de tres lotes de
engorde en funcion del periodo del afio en que se realizaba: abril-mayo, junio-julio y enero-

febrero. Este capitulo esta integrado por el siguiente trabajo:

Jaén-Téllez JA, Bartolomé E, Sanchez-Guerrero MJ, Valera M, Gonzalez-Redondo P.

2021. Relationship between rectal temperature measured with a conventional
thermometer and the temperature of several body regions measured by infrared
thermography in fattening rabbits. Influence of different environmental factors. World
Rabbit Sci., 29: 263-273. https://doi.org/10.4995/wrs.2021.15556
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OBJETIVOS

El objetivo general de esta Tesis Doctoral es la evaluacion de la temperatura corporal del
conejo mediante termografia infrarroja frente a la temperatura rectal y como método de
medicion del estrés agudo. Asi mismo, se analiza como el estrés agudo por manipulacion o por
cambios ambientales (la temperatura y la humedad relativa) afecta a la productividad de los

conejos de engorde.

Este objetivo general se articula en tres objetivos especificos, que coinciden con los tres
capitulos en los que se ha estructurado la presente Tesis Doctoral:

1. Estimar los niveles de estrés en conejos de engorde en dos estaciones meteorologicas
(primavera e invierno), a través de la diferencia de la temperatura corporal medida por
termografia infrarroja en cuatro areas del cuerpo (0jo, oido interno, oido externo y

nariz), antes y después de ser manipulados por una persona (Capitulo 1).

2. Determinar, durante la fase de engorde y en dos estaciones climaticas (primavera e
invierno), el efecto del estrés por calor y del estrés por manipulacién, obteniendo con
una camara de termografia infrarroja variaciones de temperatura a nivel del oido interno
de los conejos, sobre los parametros de rendimiento (ingesta diaria de pienso, ganancia

media diaria e indice de conversion alimenticia) (Capitulo 2).

3. Evaluar, como alternativa de uso para disminuir el estrés por manipulacion, la relacion
existente entre la temperatura tomada con camara de termografia infrarroja, en cuatro
partes diferentes de la anatomia de los conejos de engorde (ojo, oido externo, oido
interno y nariz), con la temperatura rectal medida utilizando un termdmetro
convencional y determinar la influencia de diferentes efectos ambientales (madre,
semana de engorde y tamafio del grupo) sobre las distintas temperaturas en tres lotes de
conejos, en funcion del periodo del afio en que se realizaba el cebo: abril-mayo, junio-

julio y enero-febrero (Capitulo 3).
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CAPITULOS

1. CAPITULO 1. EVALUACION DEL ESTRES AGUDO EN CONEJOS DE
ENGORDE REACCIONANDO A LA MANIPULACION

El primer capitulo de la Tesis Doctoral estd constituido por el siguiente articulo cientifico:

Titulo en inglés: Acute stress assessment using infrared thermography in fattening

rabbits reacting to handling under winter and summer conditions
Titulo en espafiol: Evaluacion del estrés agudo mediante termografia infrarroja en
conejos de engorde que reaccionan a la manipulacién en condiciones de invierno y de

verano

Autores: Jaén-Téllez JA, Sanchez-Guerrero MJ, LoOpez-Campos JI, Valera M,

Gonzalez-Redondo P

Afiliacion: Departamento de Agronomia, Universidad de Sevilla, Ctra. Utrera km 1,
41013 Sevilla, Espafa

Revista: Spanish Journal of Agricultural Research, 2020, 18: e0502.
https://doi.org/10.5424/sjar/2020182-15706

Indice de impacto: 1,238

Categoria y cuartil: Agriculture, Multidisciplinary. Q3
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Resumen

El primer capitulo de la presente Tesis Doctoral aborda el estudio de los niveles de estrés en
conejos de engorde mediante la temperatura medida por termografia infrarroja (IRT) en cuatro
partes distintas del cuerpo: el ojo (ETT), el oido externo (OETT), el oido interno (OITT) y la
nariz (NTT). La evaluacion se realiz6 durante dos estaciones del afio (primavera e invierno) y

en dos situaciones, antes y despues de ser manipulados por una persona.

Para realizar este estudio, se han usado 40 conejos domésticos destetados, fenotipicamente
similares a la raza autoctona recientemente reconocida Antiguo Pardo Espafiol, antes y después
de la manipulacién. Se registraron las temperaturas termogréaficas corporales (ETT, OETT,
IETT y NTT) durante un periodo de engorde de 38 dias, dos veces por semana y dos veces al
dia (antes y después de que un mismo operario sostuviera a los conejos en sus brazos durante
un minuto). También se registraron la temperatura ambiente y la humedad relativa y se evaluo
su influencia sobre la temperatura corporal medida con camara infrarroja. Se calculo las
diferencias entre la temperatura ambiental y las temperaturas del conejo antes y después de la

manipulacion.

Los conejos mostraron una temperatura infrarroja media que oscilé desde 16,22+0,13 °C para
la OETT en conejos no manipulados durante la estacion fria (enero-febrero) hasta 38,08+0,04
°C para la ETT en conejos manipulados durante la estacion célida (abril-mayo). Asimismo, la
variacion de temperatura entre los conejos manipulados y no manipulados fluctué entre
0,25%0,04 °C para ETT a 3,09+0,22 °C para OETT en la temporada calida y entre -0,41+0,18
°C para NTT a 2,09+0,18 °C para OETT en la estacion fria. El transcurso del periodo de
engorde influyd en todas las temperaturas, tanto en la estacion fria como en la célida, a
excepcion de la IETT en la estacion fria. Al final del periodo de engorde durante la estacion
calida, a diferencia de la fria, la variacion de temperatura, entre conejos manipulados y no
manipulados, fue menor que al comienzo del periodo de cebo (-0,04 a 1,94 °C vs 0,54 a 5,52
°C, respectivamente). Las temperaturas en conejos no manipulados se correlacionaron

positivamente y de forma significativa (p<0,05, excepto en nariz) con la temperatura ambiente.
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En conclusidn, se ha visto que la medicion de la temperatura corporal con cdmara de IRT es
una herramienta Gtil para evaluar el estrés agudo en conejos manipulados, siendo el oido

interno (IETT) y el ojo (ETT) las partes del cuerpo mas adecuadas para medirlo.
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Abstract

Aim of study: This study assesses acute stress by measuring, through infrared thermography in summer and winter, the temperature of
the eye, outer ear, inner ear and nose in 40 fattening rabbits before and after handling.

Area of study: Seville (Spain).

Material and methods: Body thermographic temperatures were recorded during a 38-day fattening period twice weekly and twice a day,
before and after the handler held the rabbits in their arms for one minute. Ambient temperature and relative humidity were also recorded,
and their influence on body temperatures was assessed. For each anatomical part, the variation of the temperature between the handled
and undisturbed rabbit, and the differential temperature between the anatomical part in the undisturbed rabbit and the ambient temperature
were calculated.

Main results: The variation in temperatures between handled and undisturbed rabbits ranged from 0.2540.041 °C for eye to 3.09+0.221 °C
for outer ear in summer and -0.41+0.182 °C for nose to 2.09+0.178 °C for outer ear in winter. The day of the fattening period influenced all
the temperature traits during summer and winter, except for the inner ear in winter. In summer, unlike winter, the temperature variation at
the end of fattening period between handled and undisturbed rabbits was lower than at weaning (-0.04 to 1.94 °C vs. 0.54 to 5.52 °C, respec-
tively). The temperatures in undisturbed rabbits were correlated with ambient temperature.

Research highlights: Measuring body temperature with infrared thermography is a useful tool to evaluate acute stress in handled rabbits,
with the inner ear and eye the most reliable body parts for measuring it.

Additional key words: temperature; welfare; thermoregulation.
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Introduction

Worldwide, rabbits make up the fourth most common
form of animal production, and they are the second com-
monest species in the European Union, with nearly 160
million animals slaughtered per year for meat production
in 2017. More than three quarters of all rabbit farms are
found in Mediterranean countries such as Italy, Spain and
France (FAOSTAT, 2019).

Current systems of intensive rabbit breeding, as in
other species, are highly dependent on humans, sin-
ce they must feed them and control their photoperiod,

reproduction, etc. Moreover, one of the biggest breeding
handicaps is that rabbits continue to perceive humans as
predators, and are predisposed to associate their presence
with negative stimuli, which constitutes a factor of stress
and fear (Trocino & Xiccato, 2006), since they are prey
animals by nature (Benato et al., 2019). Shyness is one of
the main attributes of rabbits; they are elusive and inde-
pendent (Trocino & Xiccato, 2006), which makes it har-
der for us to perceive their fear or acute stress.

Stress is an adaptive phenomenon in an animal’s
response to the changes that occur in its environment
(Veissier & Boissy, 2007) and it involves the organism’s
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response to a stimulus which triggers activation of the
hypothalamic—pituitary—adrenocortical axis (HPA) and
sympatho-adrenomedullary system (Mdstl & Palme,
2002). Different studies have shown that this occurs by
activating a series of behavioral changes, mainly phy-
siological and escape behavior (Temple et al., 2014). On
farms, rabbits are subjected daily to pressure when hand-
led, which causes them stress (Xu, 1996), and this stress
could lead to lower immune competence and higher sus-
ceptibility to disease (Glaser & Kiecolt-Glaser, 2005).

A reduction in rabbits’ fear of humans can be achie-
ved by accustoming rabbits to human contact. This fun-
damentally happens when socialization takes place, at
around 10-20 days of life, although it can even be carried
out from birth (Zucca et al., 2012). The habituation pro-
cess caused by a routine repeated over time stimulates the
HPA less, and subsequent reactions are milder (Grissom
& Bhatnagar, 2009). Stress mechanisms can be compared
to the physiological mechanism of exercise; the more tra-
ining, the better the results and the lower the stress (Tem-
ple et al., 2014).

Among the physiological changes caused by fear, whe-
re the hypothalamus plays a key integrating role in the
endocrine and nervous system (Minton, 1994), there is the
release of several hormones. The most important of these
are catecholamines (especially adrenaline and noradrena-
line), corticotropin-releasing hormone, adrenocorticotro-
pic hormone and corticosteroids (in rabbits, mainly cor-
ticosterone and cortisol) released as a consequence of the
alteration of internal homeostasis, which produce, among
other effects, an increase in body temperature (Kataoka et
al., 2014) as a consequence of peripheral and abdominal
vasoconstriction. These physiological alterations are ra-
pid responses which guarantee the survival of the animals
(Wingfield et al., 1997).

In countries highly specialized in rabbit meat produc-
tion, such as those in Mediterranean countries in Western
Europe, rabbits are raised in cages under controlled envi-
ronment housing systems (Lebas et al., 1997). Here, the
correct regulation of temperature and humidity are key
aspects to avoid the animals suffering thermal stress. The
optimum temperature in rabbit farms is between 15-19 and
21-22 °C for the fattening phase (Ferré & Rosell, 2000;
Coureaud et al., 2015), and 16-20 °C for the does, with a
relative humidity of 55-60% (Ferré & Rosell, 2000).

Infrared thermography is the recording of the radiation
emitted by a body surface using an infrared camera. It is
a non-invasive, quick technique used to assess physiolo-
gical states and in cases of pathologies linked to tempe-
rature changes, and its use has been confirmed in many
domestic and wild species (Travain et al., 2015; Sanchez
et al.,2016). It is used to evaluate and monitor the tempe-
rature of rabbits in nests with different materials (Silva et
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al., 2014) and to estimate live weight in fattening rabbits
(Silva et al., 2015), among other applications. Although
works have been published on human influence in the
handling of kits (Bilkd & Altbacker, 2000; Csata-
di et al., 2005) and mature rabbits (Podberscek et al.,
1991), no studies on stress have described the hand-
ling of fattening rabbits without previous human
manipulation during lactation.

The objective of this work was therefore to evaluate
the levels of stress in fattening rabbits, measured by ther-
mography temperature in four body parts (eye, inner ear,
outer ear and nose) in two situations, before and after be-
ing handling by humans in two meteorological seasons
(winter and summer).

Material and methods
Animals and husbandry

We used common Spanish agouti-coated domestic
meat-oriented rabbits belonging to a strain kept at the
Teaching Farm at the Higher Technical School of Agri-
cultural Engineering of the University of Seville (Spain).
The genetic characterization (Emam et al., 2016a,b) and
productive performance (Gonzalez-Redondo, 2016) of
this nucleus have been previously described. Overall, the
rabbits were phenotypically similar to the recently recog-
nized autochthonous rustic breed “Antiguo Pardo Espa-
nol” (Canon, 2015).

The rabbits were individually housed in polyvalent
wire-mesh cages measuring 90 X 40 x 30 cm (length,
width and height), located in a conventional closed fa-
cility with natural ventilation (geographic coordinates:
37°21'36.3" N and 5° 56' 23.9" W; 11 m a.s.l.). The ani-
mals were subjected to a natural photoperiod.

The rabbits were fed a commercially-produced balan-
ced diet (15.0% crude protein and 15.5% crude fiber) and
water ad libitum.

The rabbits were not subjected to any socialization be-
fore the experiment, and were only exposed once a day to
the person who filled the feeders and supervised the expe-
rimental stock. This was the same person that performed
the trial in the experimental period.

Collecting the temperature data

A total of 40 weaning rabbits, with an age of 28 days
old, were analyzed during a 38-day fattening period in two
different seasons: summer (April 14" to May 22", 2015;
n = 23 rabbits) and winter (January 19" to February 23,
2016; n =17 rabbits). An average of 24 records per rabbit
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was taken, amounting to a total of 456 records. The stress
levels of the animals were assessed with eye, outer ear, in-
ner ear and nose temperature measurements. Temperature
samples were collected twice a week (each day will be ca-
lled “record collection day”) and twice each day: the first
was taken at 11:00 h when the animal was undisturbed
(U) in its own cage from the previous day and the second
was taken with the rabbit was held in arms (H), ten minu-
tes after the first temperature was taken. The rabbits were
held in arms for about one minute. Temperature images of
the undisturbed rabbits were taken with the cages open,
without touching the animals and at a distance of 100 cm
from their bodies. The whole procedure for the entire ex-
perimental stock took about 2% hours each day and was
always carried out by the same person. The temperature
images were taken with a FLIR 17 camera, following the
instructions given by Bartolomé et al. (2013). To cali-
brate the camera results, room temperature and relative
humidity were recorded with a digital thermos-hygro-
meter (Extech® 44550) every time an infrared body tem-
perature sample was taken, so each infrared temperature
had a corresponding humidity and room temperature.

The experiment was carried out in accordance with the
Spanish legislation (RD 53/2013; BOE, 2013) and the Di-
rective 2010/63/EU on the protection of animals used for
scientific purposes (OJ, 2010).

Room and infrared temperatures

In order to evaluate the environmental conditions and
it relationship with the infrared temperature the following
data were recorded:

— TEMP, U: Room temperature (°C) taken at the precise
moment when the infrared temperatures were taken in un-
disturbed rabbits.

— TEMP, H: Room temperature (°C) taken at the preci-
se moment when the infrared temperatures were taken in
handled rabbits.

— RH, U: Relative humidity (%) taken at the precise
moment when the infrared temperatures were taken in
undisturbed rabbits.

— RH, H: Relative humidity (%) taken at the precise mo-
ment when the infrared temperatures were taken in hand-
led rabbits.

— Eye, U: Infrared eye temperature (°C) with the rabbit
undisturbed.

— Eye, H: Infrared eye temperature (°C) with the rabbit
handled.

— Inner ear, U: Infrared inner ear temperature (°C) with
the rabbit undisturbed.

— Inner ear, H: Infrared inner ear temperature (°C) with
the rabbit handled.
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— Outer ear, U: Infrared outer ear temperature (°C) with
the rabbit undisturbed.

— Outer ear, H: Infrared outer ear temperature (°C) with
the rabbit handled.

— Nose, U: Infrared nose temperature (°C) with the rabbit
undisturbed.

— Nose, H: Infrared nose temperature (°C) with the rabbit
handled.

— Eye VAR =Eye, H - Eye, U.

— Inner ear VAR = Inner ear, H - Inner ear, U.

— Outer ear VAR = Outer ear, H - Outer ear, U.

— Nose VAR = Nose, H - Nose, U.

— DIF Eye-TEMP = Eye, U — TEMP, U.

— DIF Inner ear-TEMP = Inner ear, U - TEMP, U.

— DIF Outer ear-TEMP = Outer ear, U - TEMP, U.

— DIF Nose-TEMP = Nose, U - TEMP, U.

Statistical analyses

The descriptive statistics for each trait are shown in
Tables 1 and 2. The evolution of the differential tempe-
ratures (°C) for eye, inner ear, outer ear and nose during
summer and winter are represented in Fig. 1. A General
Linear Model was used to study the potential risk factors
(sex, day and each rabbit for each season; winter and sum-
mer) that could most influence body temperature during
the experimental periods in U and H rabbits (Table 3).
This was followed by a Duncan post-hoc test to study the
differences between the first and the last days studied and
between the same day in summer and winter (Table 4).
Finally, to study the correlation between all the traits stu-
died in summer and in winter in undisturbed and handled
rabbits, Pearson correlations were carried out (Table 5).
All the procedures were analyzed using the Statistica 8.0
package for Windows.

Results
Temperature data

The rabbits showed a mean ranging from
29.10+0.384 °C for outer ear temperature to 37.83+0.048
°C for eye temperature and from 32.19+0.305 °C for outer
ear temperature to 38.084+0.039 °C for eye temperature in
undisturbed and handled rabbits, respectively, in summer
(Table 2). In winter, the mean temperature ranged from
16.22+0.129°C for outer ear temperature to 36.85+0.060 °C
for eye temperature and from 18.30+0.219 °C for outer
ear temperature to 37.27+0.045 °C for eye temperature in
undisturbed and handled rabbits, respectively. For the va-
riation in temperatures between handled and undisturbed
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Table 1. Number (n), mean, minimum (Min), maximum (Max) and standard deviation (s.d.) of environmental tem-
perature (°C) and relative humidity (%) during the experimental periods (summer 2015 and winter 2016) recorded
when the rabbits were handled (H) and undisturbed (U).

Summer Winter
(n=269) (n=187)
Meanss.e. Min Max s.d. Mean+s.e Min Max s.d.
Temperature, U (°C) 24.14+0.332 16.50  31.78 5.44  14.09+0.107 10.70 17.90 1.47
Temperature, H (°C) 25.02+0.212  20.20  32.10 3.47  14.40+0.093 1130 16.70 1.27
Relative humidity, U (%)  54.20+0.863 25.00  80.00 14.15 69.31+0.781 42.00 84.00 10.68
Relative humidity, H (%)  49.17+0.766  27.60  73.00  12.57 69.50+0.788 42.00 84.00 10.77

Table 2. Number (n), mean, minimum (Min), maximum (Max) and standard deviation (s.d.) of the body tempe-
ratures (°C) registered during the experimental periods (summer 2015 and winter 2016) in undisturbed (U) and

handled (H) rabbits.
Summer Winter
(n=269) (n=187)

Means.e. Min Max s.d. Meanzts.e Min Max s.d.
Eye, U 37.83+0.048  33.33  40.03 0.79  36.85£0.060 33.40 38.37 0.82
Eye, H 38.08+0.039  34.60  39.57 0.64 37.27+£0.045 35.70 39.75 0.61
Inner ear, U 30.58+0.350  20.95  40.55 574  17.50+0.148 13.73 2795 2.03
Inner ear, H 32.85+0.320  22.00  39.35 525 18.78+0.226  14.00 34.50 3.09
Outer ear, U 29.10+0.384  19.75  40.50 630 16.22+0.129 1290 25.75 1.76
Outer ear, H 32.19+0.305 22.25  39.00 500 18.30+0.219 1395 3240 3.00
Nose, U 33.71+0.199  3.10 39.15 327 31.74+0.162 2245 36.50 2.21
Nose, H 34.72+0.113  29.20  38.45 1.85  31.33+0.154 23.10 36.75 2.11
Eye VAR 0.25+0.041 -2.00 4.57 0.67  0.42+0.053  -1.23  2.65 0.73
Inner ear VAR 2.2740.227  -9.05 16.30 3.73 1.2840.194 -10.40 17.60  2.65
Outer ear VAR 3.09+0.221 -8.40 15.55 3.63 2.09+0.178  -6.85 1475 244
Nose VAR 1.01+0.159  -4.10 29.65 260 -0.41£0.182 -920 725 249
DIF Eye-TEMP 13.69+0.313  4.05 20.86 514  22.76+0.110 1745 26.87 1.51
DIF Inner ear-TEMP 6.43+0.336  -4.50 19.70 5.51 3.4240.124  -0.50 1295 1.69
DIF Outer ear-TEMP 4.96+0.355  -5.95 17.05 582  2.13+0.102 -1.20 10.75 1.40
DIF Nose-TEMP 9.89+0.114  -0.40 19.10 187  17.66+0.193  7.55 2425 2.64

VAR: temperature in handled rabbits — temperature in undisturbed rabbits. TEMP: room temperature for undis-
turbed rabbits. DIF Eye-TEMP = Eye, U — TEMP, U. DIF Inner ear-TEMP = Inner ear, U — TEMP, U. DIF Outer
ear-TEMP = Outer ear, U — TEMP, U. DIF Nose-TEMP = Nose, U — TEMP, U.
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Figure 1. Evolution of the variation in temperatures (°C) between Infrared Temperature in handled rabbits and in undisturbed
rabbits for eye, inner ear, outer ear and nose during summer and winter (12 days of sampling per season).

rabbits, the mean values ranged from 0.25+0.041 °C for
eye temperature to 3.09+0.221 °C for outer ear temperatu-
re in summer and -0.41+0.182 °C for nose temperature to
2.09+0.178 °C for outer ear temperature in winter. Finally,
in the case of the differential temperatures between the
undisturbed rabbits and the room temperature, the mean
values ranged from and 13.69+0.313 °C for eye tempera-
ture to 4.96+0.355 °C for ear outer temperature in summer
and from 22.76+£0.110 °C for eye temperature to
2.13+0.102 °C for ear outer temperature in winter.

Environmental effects

The environmental effects that could most influence
temperature were studied (Table 3). The day of the fatte-
ning period produced statistically significant differences
for all the temperature traits collected during the summer
and winter (except inner ear in winter). The individual
rabbit was only significant for nine and three traits in
summer and winter, respectively. Sex was not statistically
significant in all the traits in both seasons, except for the
variation in temperature between handled and undisturbed
rabbits for the eye in winter.
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Evolution of the temperatures

During the summer, for all the temperature traits, there
were significant differences between the first day experi-
ment at weaning (undisturbed and handled animals) and
the last day of the fattening period (Table 4). At the end of
the fattening period, all the values for variations in tem-
perature were lower than at weaning. In winter, this only
happened in the nose temperature variations, but there
was no significant difference between the first and last day
of the fattening period. The rabbit’s temperature in all the
traits studied during the summer was always higher than
in winter. All the temperature variations between hand-
led and undisturbed rabbits had a negative trend during
summer (Fig. 1), in spite of the rise in room temperature.
This did not happen in the same way in winter with the
exception of the inner ear temperature trait.

Correlations between temperatures
The eight traits studied and their differentials correla-

ted to a medium-high degree (Table 5). In summer, the
highest correlation was found between inner ear and outer
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Table 3. General Lineal Model analysis of the environmental effects that could influence body temperature (°C) most
during the experimental periods (summer 2015 and winter 2016) in undisturbed (U) and handled (H) rabbits.

Summer Winter
Sex Day of ;ilfi(f:ittening Rabbit Sex Day of ;ilfi(f:lttening Rabbit

Eye, U n.s. HAK ¥EX s, Ak *

Eye, H n.s. HAK * n.s. *AK n.s.
Inner ear, U n.s. Hkok Hkok n.s. Hkok n.s.
Inner ear, H n.s. *xk ok n.s. ko n.s.
Outer ear, U n.s. HHk xRk n.s. HHk n.s.
Outer ear, H n.s. Hkk Hkk n.s. wkk n.s.
Nose, U n.s. Hkok Hkok n.s. Hkok n.s.
Nose, H n.s. HHk * n.s. ol n.s.
Eye VAR n.s. Ak n.s. * ok o
Inner ear VAR n.s. ok n.s. n.s. n.s. n.s.
Outer ear VAR n.s. okl n.s. n.s. wkx n.s.
Nose VAR n.s. oo * n.s. o n.s.
DIF Eye-TEMP n.s. ol n.s. n.s. oAk n.s.
DIF Inner ear-TEMP n.s. wokx n.s. n.s. wokx n.s.
DIF Outer ear-TEMP n.s. Hokx n.s. n.s. wokx n.s.
DIF Nose-TEMP n.s. HkE n.s. n.s. wkE **

*: p<0.05, **: p<0.01, ***: p<0.001, n.s.: not significant. VAR: temperature in handled rabbits — temperature in
undisturbed rabbits. TEMP: room temperature for undisturbed rabbits. DIF Eye-TEMP = Eye, U — TEMP, U. DIF
Inner ear-TEMP = Inner ear, U — TEMP, U. DIF Outer ear-TEMP = Outer ear, U — TEMP, U. DIF Nose-TEMP =
Nose, U—-TEMP, U.

Table 4. Duncan post-hoc least squared means analysis of the environmental risk factor in temperature traits
studied (°C, mean) during the experimental periods (summer 2015 and winter 2016) in undisturbed and

handled rabbits.
Weaning End of the fattening period
Undisturbed Handled Variation  Undisturbed Handled Variation
Summer (n = 269)
Eye 37.25® 37.80 «® 0.54° 38.11%® 38.16 %8 0.522
Inner ear 26.30 29.81% 3.51°%® 35.28 1B 36.33 1B 1.06*°
Outer ear 24.48 @B 30.01 5.52%8 33.82%8 35.76 %8 1.94¢
Nose 31.66 34.73 «8 3.07 % 35388 35.75% -0.04 2
Winter (n = 187)
Eye 36.83 %4 37.05 4 0.21 37.35% 37.58 A 0.23
Inner ear 16.80 * 17.67 0.864 20.53 %4 22.65% 2.11
Outer ear 14.69 16.91 2214 18.50 °A 22.37°% 3.87
Nose 29.86 A 30.48 a4 0.614 33320 32.950 -0.37

Different superscript upper-case letters show significant differences (p<0.05) in the same experiment day between
summer and winter. Different superscript lower-case letters show significant differences (p<0.05) within the same
season between the weaning and the end of the fattening period. Variation: temperature in handled rabbits - tem-
perature in undisturbed rabbits.
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ear temperature (r = 0.97) and the lowest between eye
temperature in undisturbed rabbits and outer ear and nose
temperature taken in handled animals (r = 0.53); 27.51%
of the Pearson correlations in summer were higher than
0.59, 29.11% were between 0.59 and 0.40 and 52.38%
were lower than 0.40. In winter, the Pearson correlations
were lower, ranging from 0.07 (eye temperature in undis-
turbed rabbits and inner ear temperature in handled ani-
mals) to 0.95 (eye temperature in undisturbed and hand-
led rabbits). 13.68% of the Pearson correlations in winter
were higher than 0.59, 12.11% were between 0.59 and
0.40 and 74.21% were lower than 0.40.

Discussion

When the animal is faced with an alarm, acute stress is
activated, which is characterized as a short response over
time (Dickens & Romero, 2013). Body temperature also
increases, which is particularly problematic in species
with deficient heat tolerance, such as rabbits. This increa-
se in temperature occurs when the sympathetic autonomic
nervous system is stimulated, releasing the neurotransmi-
tters adrenaline and noradrenaline (catecholamines) in the
adrenergic synapses, in order to obtain energy to face the
emergency (Duval et al., 2010). In the case of the rabbit,
between 1 and 2 seconds after a stressful effect begins
(Manteca, 1998) a primitive escape reaction occurs, relea-
sing catecholamines (Kuchel, 1991) into the bloodstream,
which makes the body temperature rise for a short time,
since its function is to favor hepatic glycogenesis (Greco
& Stabenfeldt, 1997). It is a short-term response, since
catecholamines have a half-life of just a few minutes in
the blood (Peaston & Weinkove, 2004). This circumstan-
ce allows the animals to deal with the fear situation effec-
tively (Lattin & Romero, 2014). Infrared thermography
can detect this acute response to stress, replacing tradi-
tional systems of measuring plasma catecholamines as
responses of the autonomic nervous system to assess the
animals’ welfare (Stewart et al., 2005).

The increase in temperature through stress has been
evaluated by using infrared thermography in different
anatomical parts in various studies, in the eye in horses
(Valera et al., 2012), in cows (Stewart et al., 2007), and in
dogs (Travain et al., 2015), as well as in the skin of pigs
(Warriss et al., 2006). Olivas & Villagra (2013) showed
that rectal temperature can also be used to assess fear or
acute stress in rabbits. The results of the present study
show an increase in infrared temperature (measured in
eye, inner ear and outer ear both in winter and summer)
between the initial state without previous handling and
after handling the animal and holding it. These anatomical
parts are therefore key points of interest for measuring
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stress in this species, since stress can lead to hyperther-
mia. Higher temperatures induced by stress occurred in
the eye, inner ear and outer ear. In the same context, De
Lima et al. (2013), in a study on heat stress in rabbits,
found that the highest temperatures were detected by in-
frared thermography in the eye, followed by inner ear,
outer ear and nose.

The greatest temperature variations between the initial
conditions without handling and after handling occurred
in the measurements of the inner ear, so this point of
interest should be the reference for assessing stress in
rabbits by temperature measured with thermography, as
stated in Ludwig et al. (2007). In the case of the nose,
different infrared temperature data were obtained in win-
ter and summer. This could be due to the humidity in the
nose, which can differ according to the room temperatu-
re in the different seasons. This humidity can therefore
alter the real value of the infrared temperature measured
(Luzi et al., 2007).

Contrary to our findings in this work, the studies ca-
rried out by Ludwig er al. (2007) on measuring stress
by thermography in rabbits show that there is a decrease
in the temperature of the eye and outer ear following a
stressful event, and that corticosterone also increases in
the bloodstream. This occurs by activation of the hypotha-
lamic-pituitary-adrenal axis, which occurs 2-10 minutes
post stress (Nelson, 2000). However, this does not ha-
ppen, or only happens slightly, in the first phase of stress
(alarm), in which the stimulation of the autonomic ner-
vous system occurs (Nelson, 2000). When there is a short,
albeit stressful handling, the rabbits’ reaction is very in-
tense, producing an increase in corticosterone from 60 se-
conds after the start of handling (Gascon & Verde, 1987).

The degree of hyperthermia induced by stress recorded
by us in the eye was not significantly affected by room
temperature, as verified in Long et al. (1990). This also
happened with the variation in humidity, although in this
case, the difference was greater in winter. However, in the
inner and outer ear, the room temperature was correlated
with the increase in the infrared temperature variation be-
tween measurements taken before and after handling. The
difference in the temperature values for each anatomical
point studied is due to their different vascularization and
to the influence of the ambient temperature. The outer
ears, like the nose, are used by rabbits to dissipate heat
(Fayez et al., 1994). To regulate heat better, rabbits have
larger ears in warmer geographic areas (Ferreira et al.,
2015). Rabbits with larger ears have lower respiratory ra-
tes with high ambient temperatures (Zeferino et al., 2011).
In the present trial, the maximum temperature induced by
stress occurred in the eye, with 39.57 °C in summer and
39.75 °C in the outer ear in winter; as a result, hyperther-
mia by induction of stress was not pathological for the
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Table 5. Pearson correlation among all the traits studied (temperature in °C and relative humidity in %) in summer 2015 (abo-
ve the diagonal) and in winter 2016 (below the diagonal) in undisturbed (U) and handled (H) rabbits.

Eye,U Eye,H Inner Inner Outer QOuter Nose,U Nose,H Eye VAR Inner
ear, U ear, H ear, U ear, H ear VAR

Eye, U 0.58* 0.61* 0.49* 0.62* 0.53* 0.58* 0.53* -0.63* -0.26*
Eye, H 0.95* 0.62* 0.68* 0.63* 0.68* 0.58* 0.71%* 0.27* 0.00
Inner ear, U 0.36* 0.58* 0.77* 0.97* 0.80* 0.64* 0.69* -0.13%* -0.45%
Inner ear, H 0.07 0.11 0.53* 0.79* 0.95* 0.59 0.66* 0.08 0.22%
Outer ear, U 0.35% 0.58* 0.88* 0.52%* 0.82* 0.66* 0.71%* -0.13* -0.38*
Outer ear, H 0.52* 0.24* 0.24* 0.23* 0.29* 0.60* 0.68* 0.02 0.10
Nose, U 0.37* 0.15* 0.26* 0.13 0.30* 0.23* 0.61* -0.13* -0.15%
Nose, H 0.35* 0.17* 0.31* 0.15 0.36* 0.44* 0.34* 0.06 -0.14*
Eye VAR -0.69* 0.07 -0.20* 0.12 -0.15% 0.26* -0.22% -0.03 0.31*
Inner ear VAR -0.20%* 0.67* -0.15% 0.76* -0.07 0.08 -0.04 -0.06 0.29*
Outer ear VAR -0.11 0.81* 0.07 0.80* -0.01 0.09 -0.04 -0.05 0.20* 0.87*
Nose VAR -0.04 0.01 0.03 0.01 0.04 0.16* -0.60* 0.55* 0.18* -0.01
DIF Eye-TEMP 0.24* 0.34* 0.70* 0.31* 0.50%* 0.08 0.30* 0.06 -0.20%* -0.17*
DIF Inner ear-TEMP 0.20* 0.31* 0.51* 0.26* 0.59* 0.11 0.37* 0.08 -0.13 -0.08
DIF Outer ear-TEMP 0.19* -0.10 -0.10 -0.09 -0.10 0.06 0.83* 0.08 -0.16* -0.03
DIF Nose-TEMP 0.32% -0.33* -0.36%  -0.32*%  -0.43%* 0.05 0.19* -0.16* -0.32% -0.10
TEMP, U 0.23* 0.40* 0.57* 0.37* 0.64* 0.24* 0.01 0.36* -0.05 -0.01
RH,U 0.05 0.34* 0.50* 0.28* 0.61%* 0.12 0.18* 0.33* 0.04 -0.06
TEMP, H 0.30* 0.44%* 0.63* 0.40* 0.72% 0.31* 0.10 0.38* -0.08 -0.02
RH, H 0.09 0.35* 0.52* 0.30* 0.63* 0.15* 0.15* 0.35* 0.03 -0.05

VAR: temperature in handled rabbits — temperature in undisturbed rabbits. TEMP: room temperature. RH: relative humidity.
DIF Eye-TEMP = Eye, U — TEMP, U. DIF Inner ear-TEMP = Inner ear, U — TEMP, U. DIF Outer ear-TEMP = Outer ear,
U — TEMP, U. DIF Nose-TEMP = Nose, U — TEMP, U. *: p<0.05

rabbits tested, as shown in Ardiaca et al. (2010). Above
that temperature, cell membranes begin to be destroyed
by denaturing proteins (Bowler & Manning, 1994).

The state of fear or stress in the animals in this trial
could be due to the fact that they were not manipulated
early, as indicated in Price (2002), but rather directly after
weaning. In fact, handling during lactation reduces rab-
bits’ fear of humans (Bilké & Altbacker, 2000). Csatadi et
al. (2005) also show that early handling in rabbit offspring
significantly reduces the stress caused by human presen-
ce. Olivas & Villagra (2013) reported that manipulation
per se does not cause hyperthermia, but that it is caused by
the stressors of the study. Cabezas et al. (2007) confirmed
that in captivity, wild rabbits show fear episodes and flight
reactions due to human presence and handling.

The temperature of the undisturbed rabbit’s anatomical
parts tested was correlated with the room temperature, as
found by Cervera & Fernandez-Carmona (1998), but not
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with the relative humidity. The room temperature where
the animals are kept is a key condition for the regulation
of a rabbit’s internal temperature (Sanmiguel & Diaz,
2011). In summer, there was a decrease in the tempera-
ture difference of the monitored anatomical parts during
the fattening period, between the first and last days of the
experiment; it could therefore be said that there was a pro-
cess of gradual adjustment to human handling, which did
not happen in winter. The greater differences between the
temperature of the handled and unhandled rabbits occu-
rring in summer at the beginning of the fattening period
versus the smaller differences at the end could be due to
the thermal stress suffered by the rabbits in warm environ-
ments, as their age and body weight increase throughout
the fattening time. In other words, the animals in the first
stages of fattening do not suffer heat stress and, conse-
quently, the differences between the temperature when
they are handled and the initial unhandled temperature are
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Table 5. Continued

Outer Nose DIF DIF DIF DIF TEMP, RH,U TEMP, RH,H
ear VAR Eye- Inner  Outer Nose- U H
VAR TEMP ear- ear- TEMP
TEMP TEMP

Eye, U -0.34* -0.35% 0.20* 0.25* -0.10 -0.32% 0.45* -0.54% 0.67* -0.51*
Eye, H -0.17* -0.23* 0.27* 0.33* -0.03 -0.32* 0.38* -0.55% 0.69* -0.56*
Inner ear, U -0.58* -0.31%* 0.53* 0.57* -0.14%* -0.45% 0.52* -0.76* 0.81* -0.70*
Inner ear, H -0.07 -0.27* 0.48%* 0.55* 0.03 -0.27* 0.33* -0.67* 0.77* -0.69*
Outer ear, U -0.61* -0.32% 0.50* 0.60* -0.13* -0.45% 0.52* -0.78%* 0.83* -0.71*
Outer ear, H -0.04 -0.27* 0.48* 0.55* 0.01 -0.30* 0.36* -0.73* 0.82* -0.74*
Nose, U -0.31* -0.82%* 0.31%* 0.38* 0.25* -0.29* 0.36* -0.55% 0.62* -0.50*
Nose, H -0.30* -0.05 0.34* 0.41%* -0.03 -0.33* 0.39* -0.70%* 0.75* -0.69*
Eye VAR 0.25%* 0.20* 0.02 0.02 0.09 0.08 -0.16* 0.11 -0.13* 0.07
Inner ear VAR 0.80* 0.10 -0.14%* -0.10 0.25* 0.31* -0.33%* 0.23* -0.16* 0.10
Outer ear VAR 0.18* -0.20%  -0.28%* 0.23* 0.38* -041%* 0.34* -0.31%* 0.21*
Nose VAR -0.01 -0.15*%  -0.18*%  -0.34* 0.13* -0.17* 0.19* -0.24%* 0.13*
DIF Eye-TEMP 0.05 -0.22% 0.96* 0.66* 0.51%* -045%  -0.37* 0.37* -0.41*
DIF Inner ear-TEMP -0.05 -0.26* 0.83* 0.62* 0.44* -0.38*%  -0.44* 0.45* -0.47*
DIF Outer ear-TEMP -0.05 -0.67* 0.36* 0.45* 0.85%* -0.81* 0.10 -0.11 0.02
DIF Nose-TEMP -0.09 -0.31%* 0.31 0.35* 0.64* -0.99* 0.37* -0.40* 0.26*
TEMP, U 0.03 0.30%* -0.19*  -0.25%  -0.55% -0.85* -0.43%* 0.47* -0.32%*
RH, U -0.03 0.12 0.14 0.21* -0.15% -0.49* 0.53* -0.89%* 0.95*
TEMP, H 0.02 0.24* -0.08 -0.11 -0.45% -0.77* 0.96* 0.62* -0.92*
RH, H -0.02 0.16* 0.08 0.13 -0.23% -0.57* 0.64* 0.99* 0.70*

VAR: temperature in handled rabbits — temperature in undisturbed rabbits. TEMP: room temperature. RH: relative humidity.
DIF Eye-TEMP = Eye, U — TEMP, U. DIF Inner ear-TEMP = Inner ear, U — TEMP, U. DIF Outer ear-TEMP = Outer ear,
U — TEMP, U. DIF Nose-TEMP = Nose, U — TEMP, U. *: p<0.05

relatively large. However, in the final stage of fattening,
heat stress is produced in the rabbits and, consequently,
the initial temperature is higher, with a naturally smaller
difference between the temperature of the handled animal
and the initial temperature. This fact has been observed
in rabbits (Daader et al., 2018) and in other species (So-
leimani et al., 2008; Collier et al., 2019): as the animals
are older and gain weight, they become more sensitive
to thermal stress, and their body temperature rises. As a
consequence, for rabbit production, this implies that on
farms, it is heat stress that needs to be controlled more
strictly as the fattening period progresses, and that hand-
ling does not increase thermal stress in rabbits.

The room temperature in which the animals are kept
is the key factor in the rabbits’ ability to regulate their
temperature (Cervera & Fernandez-Carmona, 1998), and
they thermoregulate more efficiently in lower temperatu-
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res (Lebas et al., 1997). Starting at 24 °C, weaned rabbits
during the fattening period begin to have breathing pro-
blems, with fatigue, increased heart rate, lack of appetite
and decreased basal metabolism (Samoggia, 1987). Al-
though our room temperatures were slightly higher, none
of these effects were observed in the current trial, perhaps
due to this breed’s adaptation to the warm Spanish climate
(Cafién, 2015) and due to the rabbits’ phenotypic plastici-
ty (Dalmau et al., 2015).

Energy is required for the flight reaction, which justi-
fies the increase in temperature (Duval et al., 2010), and
this need is greater in winter than in summer (Samoggia,
1987). The animals’ ability to generate energy for flight
after handling, demonstrated through variations in body
temperature, was much greater in winter than in summer.
Before the response to stress, the lower metabolic activity
in summer (Okab et al., 2008) and the greater need for
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energy for winter flight would account for this difference
in body temperature we observed between the first day
(weaning) and the last day (end of the fattening period)
in each of the seasons. The difference in temperature due
to stress induction is due to the fact that individuals in the
populations differ naturally in their physiological respon-
ses and, therefore, each animal’s capacity to cope with
stressful and adverse situations is different (Monclus et
al., 2006; Cabezas et al., 2007; Broom, 2011).

Taking into account the large number of infrared tem-
perature measurements recorded (456), it is safe to con-
clude that eye temperature is a good reference point to
record body temperature in fattening rabbits by infrared
thermography, since the range of temperature values
recorded was the narrowest of all those taken, between
33.33 and 40.03 °C. However, no studies have correlated
rectal temperature with eye temperature by thermography
in rabbits, and further trials would therefore be needed to
confirm this conclusion.

The highest temperature ranges in undisturbed rabbits
occurred in the outer ear measurements, as reported by
Gonzalez et al. (1971) and Zeferino et al. (2011), since
this external body part is involved in heat transfer to the
room, and is affected by both vasoconstriction and vaso-
dilatation, depending on a lower or higher room tempera-
ture, respectively (Cervera & Fernandez-Carmona, 1998).

The range of differences between the infrared tempe-
rature averages for the outer ear and room temperature in
undisturbed rabbits, considering both summer and win-
ter, was 3.5, compared to 4.5 °C found by Gonzalez et
al. (1971). However, if only infrared temperature values
in summer are considered, the difference is 5.0 °C in our
trial against 3.8 °C in Gonzalez et al. (1971) and 2.9 °C
in Yamasaki-Maza et al. (2017). These differences may
be due to factors such as differences in rabbit breeds and
the tools used to measure temperature (Gonzalez et al.,
1971). Yamasaki-Maza et al. (2017) used a clinical, di-
gital non-contact infrared thermometer with temperature
range of 32-43 °C (+0.3 °C accuracy) on New Zealand,
Chinchilla and Azteca rabbits, while Gonzalez et al.
(1971) used copper-constantan thermocouples attached
with plastic discs to small shaved areas of skin behind the
ears of New Zealand White rabbits.

There were no differences between sexes in tempera-
ture values in handled and undisturbed rabbits. The fact
that these differences did not occur is due to the fact that
during the study, the rabbits had not yet reached puberty
(Lebas et al., 1997) being between 28 and 66 days old,
with a fattening period of 38 days. Monclus et al. (2006)
detected differences between sexes when rabbits were
subjected to stress due to differences in the metabolism
of glucocorticoids between males and females. Touma
et al. (2003) also showed that there were differences in
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corticosterone metabolism between male and female rats.
Another reason why there were no differences in tempera-
tures between males and females after handling could be
the fact that the stress that occurred was acute, caused by
a short reaction, and influenced by an increase in catecho-
lamines instead of glucocorticoids.

In conclusion, rabbits that have not been handled by
humans during the lactation period do not become accus-
tomed to handling in the fattening phase and stress occurs,
as evidenced by the body temperature variations. Infrared
thermography is a good technique for assessing by tem-
perature records the acute stress of fattening rabbits as a
result of handling, and the inner ear and the eye are the
most reliable points to measure it.
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Resumen

El segundo capitulo de la presente Tesis Doctoral aborda el efecto de los niveles de estrés por
calor, evaluado mediante el indice de temperatura-humedad (THI) y el efecto del estrés de
manipulacion, registrado mediante cambios de termografia infrarroja en el oido interno de
conejos criados para la produccion de carne, sobre los parametros de rendimiento, durante las

estaciones fria (enero-febrero) y calida (abril-mayo).

Los conejos a menudo experimentan estrés cuando perciben ciertos estimulos, como la
manipulacion. La eficiencia alimenticia esta asociada a la respuesta fisioldgica de los animales
al estres y al temperamento, siendo los animales con menor capacidad de reaccion al estrés los

que muestran el mayor rendimiento.

Para la realizacion de este estudio se usaron 39 conejos durante un periodo de engorde de 38
dias, en dos épocas del afio: una temporada fria (del 9 de enero al 23 de febrero) y una
temporada calida (del 14 de abril al 22 de mayo). El estrés de los conejos debido a la
manipulacion se evalué mediante la diferencia de temperatura (DIF) tomada por termografia
infrarroja en el oido interno de los animales, antes y después de ser manipulados, utilizando la

siguiente escala:

nivel 1 (no estresado): DIF <0 °C

nivel 2 (levemente estresado): 0 °C < DIF <5 °C

nivel 3 (estresado): 5 °C <DIF <10 °C

nivel 4 (muy estresado): DIF > 10 °C.

Las temperaturas termogréaficas se registraron en dos dias (lunes y jueves) durante cada una de
las semanas del periodo de engorde. En cada dia de muestreo, la temperatura se midid en la
jaula con el animal sin manipular y se realiz6 una segunda medicion a los 10 minutos,

manipulandose por la misma persona, sujetandolo en brazos durante 60 segundos.

En general, los rendimientos productivos fueron bajos, al tratarse de una raza rastica no

mejorada. Los animales fueron méas productivos en la estacion fria, ya que los valores
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obtenidos para la ingesta diaria de pienso (DFI, 80,30+2,63 g/d estacién fria vs 76,21+1,42 g/d
estacion calida), la ganancia media diaria (ADG, 27,39+0,83 g/d estacion fria vs 24,79+0,52
g/d estacion calida), el peso corporal total (TBW, 1445,39+61,36 g estacion fria vs
1335,49+52,66 g estacion calida), la ingesta total de pienso (TFI, 3027,35+50,31 g estacion fria
vs 2901,87+119,90 g estacion célida) y la ganancia total de peso (TWG, 961,72+17,79 ¢
estacion fria vs 924,94+35,60 g estacion calida) fueron mayores, mientras que el indice de
conversion alimentaria (FCR) fue mayor en la estacion célida (3,08+0,09 estacion fria vs
3,24+0,07 estacion célida). EI THI influyé significativamente en la ADG y DFI. Los conejos
con niveles mas altos de estrés mostraron valores mas altos de ADG, DFI y FCR, siendo menos

eficientes en términos productivos.
Se concluye que los cambios en el bienestar animal causados por la reactividad individual de

los conejos a un efecto estresante como el manejo y a los factores climaticos afectan a la

productividad durante el engorde.
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Simple Summary: The aim of this study was to evaluate the impact of stress due to heat (temperature-
humidity index; THI) or handling (human restraining), assessed using infrared thermography, on
the performance parameters of rabbits of a Spanish Common breed. Thirty-nine rabbits weaned
at the age of 28 days were analyzed during a 38-d fattening period at two times of the year: a cold
period and a warm period. The rabbits’ stress due to handling was assessed by the temperature
difference taken by infrared thermography in the inner ear of the animals, before and after being
handled. In general, the productive results were low, since it was an unimproved rustic breed. The
animals were more productive in the cold season as the values obtained for daily feed intake (DFI),
average daily gain (ADG), total body weight (TBW), total feed intake (TFI) and total weight gain
(TWG) were higher then, while the feed conversion ratio (FCR) was higher in the warm season. The
greater the stress due to handling, the less efficient the animals were. It was therefore concluded that
changes in animal welfare caused by the rabbits’ reactivity to both climatic and individual factors
affect animal productivity.

Abstract: Rabbits often experience stress when they perceive certain stimuli, such as handling. The
physiological response of animals to stress and temperament is associated with feeding efficiency,
with those with the least capacity to react to stress showing the highest performance. The aim of
this study was to evaluate the impact of stress due to heat (temperature-humidity index; THI) or
handling, assessed using infrared thermography, on the performance parameters of rabbits of a
Spanish Common breed. Thirty-nine rabbits were analyzed during a 38-d fattening period at two
times of the year: a cold period and a warm period. The rabbits’ stress due to handling was assessed
by the temperature difference taken in the inner ear, before and after being handled. The animals
were more productive in the cold season. Temperature-humidity index significantly influenced
average daily gain (ADG) and daily feed intake (DFI). Rabbits with higher levels of stress showed
higher ADG, DFI and feed conversion ratio (FCR) values. The greater the stress due to handling,
the less efficient the animals were. FCR increased with higher THI. It was concluded that changes
in animal welfare caused by the rabbits’ reactivity to both climatic and individual factors affect
animal productivity.

Keywords: animal welfare; fattening performance; infrared thermography; rabbit; stress; tempera-
ture discipline

1. Introduction

Docility and not being afraid of people are among the preferential characteristics
selected when domesticating animals [1]. Rabbits, however, were domesticated much later
than other species [2] and the effects of domestication on them are not so marked: in fact,
they conserve many characteristics of their wild ancestors, such as digging burrows and
making nests [3,4]. Another of these is that domestication has failed to eradicate their fear
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of humans, who are perceived as a potential predator [5]. Nevertheless, proper treatment
by breeders can decrease the animals’ fear and contribute to their welfare [6]. Animals
often experience stress when they perceive certain stimuli, such as handling by breeders,
and it is possible to differentiate between acute and chronic stress [7]. Correct handling
has extremely positive effects in this species, especially if it starts soon after birth [8], since
the critical period for socialization occurs when the kits first open their eyes in the nest, at
around 10 days of age [9].

In addition, the environmental conditions, especially temperature and relative humid-
ity, affect both the physiological state and the productivity of animals [10]. Rabbits are
particularly sensitive to heat, as they have few sweat glands and find it hard to reduce their
body heat [11,12]. The rabbit has a thermoneutral zone between 18 and 21 °C, in which it
makes no effort to raise or reduce its temperature [13,14] and in which it neither suffers
any stress from trying to maintain its body temperature nor requires any extra energy to
regulate it to the detriment of production indexes [15]. However, heat stress in rabbits
does have a negative influence on production [16], with high temperatures the main factor
affecting rabbit production in regions with a warm climate [17]. In this case, a parallel path-
way to that of stress management is used, whereby the hypothalamus receives information
about the environment and coordinates its responses through nerves and hormones.

Physiological changes occur in order to cope with this stimulus [18]. In the short
term, a stressful stimulus response is triggered by activation of the sympathetic nervous
system, which releases catecholamines (norepinephrine and epinephrine) from the adrenal
medulla [19]. According to Axelrod and Reisine [20], motor activity and heart and spleen
contractions increase in this phase, releasing more red blood cells. Vasomotor adjustments
and dilation of the pupil occur, blood clotting increases and lymphocytes are neutralized to
repair tissue damage, while energy is increased through glycolysis and lipolysis [20].

Animals may have different behavioral responses to handling; this is what is called
temperament [21]. Animals can be more easily stressed if they are more excitable [22].
Furthermore, the ability of each animal to cope with stressful and adverse situations is
different [23-25]. Physiological changes caused by stress can have adverse effects on
rabbits” productive performance, affecting parameters such as feed consumption, increased
body weight, feed conversion and the quality of the meat obtained [26]. The physiological
response of animals to stress and temperament are associated with feeding efficiency, with
those animals with the least capacity to react to stress being the most effective [27]. These
adverse effects have a bearing on the viability of commercial production of rabbit meat,
since the fattening period accounts for at least 40% of the animal’s lifetime on the farm [28]
and a large part of farm production costs (around 40%) is spent on feeding during the
fattening period [29,30].

Stress can be estimated through biomarkers and changes in body temperature, and
these can be analyzed using different techniques, such as by analyzing the biochemical
parameters in the blood [31] and in excreta [32], or by infrared thermography [33,34].
Changes in body surface temperature as a consequence of both acute and chronic stress can
be detected by infrared thermography [35,36]. Electromagnetic energy is measured using
an infrared camera, and detects the different wave frequencies emitted by each temperature
value [35]. Its main strength is that it is a non-invasive and non-contact method which
can measure the surface temperature of animals [37]. It has been used successfully in
ruminants [35], pigs [38], dogs [39], horses [40] and rabbits [33,41].

As has been shown, handling and environmental conditions (temperature and hu-
midity) can be two of the most common stressors in current rabbit production systems.
No record has been found of any studies describing how heat stress (measured with a
temperature-humidity index) and stress caused by handling (animals measured with in-
frared thermography) in the post-weaning phase can influence the performance parameters
of rabbits. For this reason, the main aim of this work was to evaluate the effect of the levels
of heat stress, assessed through the temperature-humidity index (THI) and handling stress,
evaluated by using infrared thermography. Infrared thermography was measured in the
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inner ear of rabbits reared for meat production, on the performance parameters of the
fattening period, during the cold and warm seasons.

2. Materials and Methods
2.1. Animals and Husbandry

Common Spanish agouti-coated domestic meat-oriented rabbits belonging to a strain
kept at the Higher Technical School of Agricultural Engineering Teaching Farm of the
University of Seville (Spain) were used. The genetic characterization [42] and productive
performance [43] of this nucleus has been previously described. Overall, the rabbits were
phenotypically similar to the recently recognized autochthonous breed “Antiguo Pardo
Espafiol” (Spanish Common Rabbit) [44].

During the experimental periods, the rabbits were individually housed in polyvalent
wire-mesh cages measuring 90 x 40 x 30 cm? (length, width and height, respectively),
located in a conventional closed facility with natural ventilation (geographic coordinates:
37° 21’ 36.3” N and 5° 56’ 23.9” W; 11 m a.s.l.). The animals were subjected to a natural
photoperiod. The trial was carried out in accordance with the Spanish legislation [45] and
Directive 2010/63/EU on the protection of animals used for scientific purposes [46]. The
experimental protocol was approved (Ref. 25583347 /2015) by the Escuela Internacional de
Doctorado (International Doctorate School) of the University of Seville (Spain).

The rabbits were fed a pelleted commercial balanced diet (15.0% crude protein and
15.5% crude fiber) ad libitum as their only feed. Water was supplied ad libitum.

2.2. Collecting the Temperature Data

A total of 39 weaned rabbits, with an age of 28 days old, were used during a 38-
d fattening period in two different seasons: spring (warm season; 14 April to 22 May
2015; mean minimum temperature = 12.5 °C, mean maximum temperature = 24.6 °C;
12 days of data collection; n = 17 rabbits (12 males and 5 females)) and winter (cold season;
9 January to 23 February 2016; mean minimum temperature= 7.1 °C, mean maximum
temperature = 18.1 °C;11 days of data collection; n = 22 rabbits (8 males and 14 females)).
The animals’ stress levels were assessed with inner ear temperature measurements, fol-
lowing previous research by Jaén-Téllez et al. [33] which showed that the inner ear is the
most suitable region to assess stress in rabbits, and that this correlates closely with eye
temperature. Temperature samples were collected twice a week (Monday and Thursday)
and twice each day: first, at 11:00 h when the animal had been undisturbed (U) in its
own cage since the previous sampling day, and second, about ten minutes after handling
the rabbit (held in the keeper’s arms) for about sixty seconds (H), always by the same
person. The rabbits were restrained by the thorax and the hindquarters following the
recommendations given by Chapel et al. [47]. Six pictures temperature image were taken
for each rabbit twice a week. Three pictures were taken with the rabbit undisturbed in its
own cage before the rabbit had been handled (U) and three when handling the rabbit (H).
For each category of temperature (U or H), the mean between the three measurements was
calculated. The whole procedure for the entire experimental stock took about 2 h 30 min on
each sampling day. The temperature images were taken with a FLIR i7 camera, following
the indications by Bartolomé et al. [48], adapted for recording inner ear temperatures in
rabbits by Jaén-Telléz et al. [33]. The FLIR i7 has a precision of + 2 °C o £ 2% and an
accuracy of 0.10 °C. In order to calibrate the camera results, the environmental temperature
and relative humidity were recorded with a digital thermo-hygrometer (Extech® 44550,
Waltham, MA, USA) every time an infrared temperature sample was taken, so that each
infrared temperature had a corresponding humidity and room temperature reading.

2.3. Environmental and Infrared Temperatures

In order to evaluate the environmental conditions and their relationship with the
infrared temperature, the following data were recorded:
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Temperature, U (°C) = environmental temperature taken just at the moment when the
infrared temperatures were taken in undisturbed rabbits inside the cage.

Relative humidity, U (%) = Relative humidity taken just at the moment when the
infrared temperatures were taken in undisturbed rabbits

Inner ear DIF = Infrared inner ear temperature in the handled rabbit (H)—Infrared
inner ear temperature in the undisturbed rabbit inside the cage (U).

2.4. Collecting the Productive Data and Calculating Fattening Performance

The 39 weaned rabbits were weighed on the sampling days after the temperature
samples were collected. The weight gain by each rabbit and the weight of the feed was
recorded twice each day on sample collection: once before being filled (weight of the feed
remaining in the feeder) and second, when the feed was added, always after the pictures
had been taken. With these measurements, the following productive traits were calculated:

Daily feed intake (DFI, g/d), calculated as:

o  DFI = Feed weight differential (g) between two data collection dates/Days elapsed
between those two data collection dates.

Average Daily Gain (ADG, g/d), calculated as:

e ADG = Live weight differential (g) between two data collection dates/Days elapsed
between those two data collection dates.

The Feed Conversion Ratio (FCR) was calculated over two consecutive data collection
days as:

e FCR = feed intake (g)/weight gain (g).

Total body weight (TBW), total weight gain (TWG) and total feed intake (TFI) during
the entire fattening period were also calculated.

2.5. Temperature-Humidity Index

The temperature-humidity index (THI), an indicator of thermal comfort level for
animals in a housing system, was calculated according to Marai et al. [49], and given as:

THI =t — ((0.31 — 0.31 x RH) x (t — 14.4)) 1)
where: t = temperature (°C) and RH = relative humidity percentage/100.

2.6. Statistical Analyses

The descriptive statistics (number, mean, minimum, maximum and standard error
(SE)) for each trait: TBW, TWG, TFI, ADG, DFI, FCR and THI are shown in Table 1.

A General Linear Model of repeated measures was performed, considering each
weaning rabbit (n = 39) as the experimental unit (Table 2). Daily feed intake, ADG and FCR
were analyzed using the MIXED procedure [50] for repeated measures [51], assuming a
composite symmetric (CS) covariance structure for animal effects, and including the fixed
effects of sex, season, stress level and the effect of THI as a covariate. Stress levels were
defined depending on the Inner ear DIF of the weaned rabbit at that sampling moment,
following previous research by Jaén-Téllez et al. [33] which showed that the inner ear is the
most suitable region to assess stress in rabbits. According to the temperature distribution,
we defined four stress levels, graded in five-degree intervals that ensured sufficient sample
size per interval: Level 1 (not stressed; n = 17): Inner ear DIF < 0 °C; Level 2 (slightly
stressed; n = 208): 0 °C < Inner ear DIF < 5 °C; Level 3 (stressed; n = 114): 5 °C < Inner ear
DIF <10 °C and Level 4 (very stressed; n = 56): Inner ear DIF > 10 °C. Each environmental
effect was analyzed one-by-one using one-factor analyses (Table 2). This was followed by a
Tukey-Kramer post-hoc test to study the categorical effects (Table 3).
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Table 1. Descriptive statistics of fattening performance of rabbits, in the warm and cold seasons.

Variables N Mean + SE Minimum Maximum  C.V. (%)
TBW (g) 39 1383.38 £ 40.42 577.30 1746.00 18.25
TWG (g) 39 940.18 £ 30.91 350.50 1276.10 30.90
Both TFI (g) 39 2956.57 £+ 94.85 1390.70 3771.80 19.72
seasons  ADG(g/d) 39 25.80 =+ 0.46 1.70 58.70 35.24
DFI (g/d) 39 77.80 4 1.34 9.40 163.70 34.32
FCR 39 3.18 £0.06 0.55 6.66 34.55
THI 39 19.41 £ 0.26 11.34 30.29 26.42
TBW (g) 22 1335.49 £ 52.66 577.30 1721.10 18.50
TWG (g) 22 924.94 + 35.60 352.80 1106.10 18.05
Warm TFI (g) 22 2901.87 4+ 119.90 1390.70 3754.10 19.38
season ADG (g/d) 22 24.79 £ 0.52 2.83 58.70 32.66
DFI (g/d) 22 76.21 +1.42 9.40 121.70 29.03
FCR 22 3.24 +£0.07 0.55 6.50 33.95
THI 22 2295+ 0.20 17.19 30.29 13.60
TBW (g) 17 1445.39 £ 61.36 809.30 1746.00 17.50
TWG (g) 17 961.72 £17.79 350.50 1276.10 23.50
Cold TFI (g) 17 3027.35 £+ 50.31 1499.00 3771.80 21.12
season  ADG(g/d) 17 27.39 + 0.83 1.70 49.57 37.61
DFI (g/d) 17 80.30 + 2.63 13.13 163.70 40.56
FCR 17 3.08 £ 0.09 1.19 6.66 35.45
THI 17 13.81 4 0.09 11.34 15.35 7.71

TBW: Total body weight. TWG: Total weight gain. TFI: Total feed intake. DFI: Daily feed intake, ADG: Average
daily gain, FCR: Feed conversion ratio, THI: Temperature-humidity index.

Table 2. General lineal model of repeated measures of analyzed traits related to the behavior of fattening rabbits.

Factors Degrees of Freedom DI ADG FCR
F-Test p-Value F-Test p-Value F-Test p-Value
Sex 1 0.22 0.639 0.02 0.897 0.00 0.952
Stress level 3 16.38 <0.001 4.69 0.003 4.05 0.008
THI 1 7.67 0.039 12.05 0.018 5.81 0.061
Season 1 7.25 0.007 0.17 0.676 15.89 <0.001
Sex*Stress level 3 0.72 0.538 2.12 0.097 0.68 0.565
Sex*Season 1 0.17 0.678 0.76 0.385 3.29 0.071
Season*Stress level 2 0.33 0.721 0.49 0.615 0.00 0.952

DFI: Daily feed intake, ADG: Average daily gain, FCR: Feed conversion ratio, THI: Temperature-humidity index. A p-value lower than 0.05

is statistically significant.

Finally, in order to predict ADG, DFI and FCR based on stress levels and THI, a
quadratic regression analysis was performed (Figure 1).

The quadratic equation with the coefficient of determination (R?), the root mean
squared error (RMSE) and the p value of the analysis were provided for each parameter.
Effects were considered as significant when p < 0.05. Statistical analyses were performed
using the Statistica v.12.0 (Statistica software, v.12.0. Statsoft, Inc. 1984-2014, Palo Alto, CA,
USA) and SAS [50] package.
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DFI=180.3062-6.5989x-9.6231y-0.0055x2+0.4188xy+0.1836y?

R2=0,0733"
2= ok
Rﬁsé’;éﬁﬁim RMSE=77.5969
p<0.001

Table 3. Tukey-Kramer post-hoc least squared means test analysis of the significant environmental

effects on Daily feed intake (DFI), Average daily gain (ADG) and Feed conversion ratio (FCR) in
fattening rabbits.

Season
Warm season Cold season
DFI (g/d) 76.812 80.37 P
ADG (g/d) 24.96 2 27.392
FCR 3.29°P 3222
Week of Fattening Period
1 2 3 4 5 6
DFI (g/d) 52.002 60.93 2 78.68 P 90.98 be 94.09 © 103.75 be
ADG (g/d)  25.88ab 23.89 2 27.752b 26.96 2P 23.652 30.77°
FCR 2.342 2.88 ab 3.12bc 3.54 ¢4 4184 3.48 bed
Stress Level
1 2 3 4
DFI (g/d) 44712 75.21b 81.06b 90.41¢
ADG (g/d) 22452 26.22 2P 24252 29.14 b
FCR 2532 3.162 3.59P 3.24 b

Level 1 (not stressed, 19 records): Inner ear DIF < 0 °C; Level 2 (slightly stressed, 243 records): 0 °C < Inner
ear DIF < 5 °C; Level 3 (stressed, 134 records): 5 °C < Inner ear DIF < 10 °C and Level 4 (very stressed,
60 records): Inner ear DIF > 10 °C DFI: Daily feed intake, ADG: Average daily gain, FCR: Feed conversion ratio,

THI: Temperature-humidity index. Different superscript letters (%) indicate significant differences between
the values.

ADG-= 29.621-1.1651x-0.2005y-0.0281x2+0.0559xy+0.0219y2 FCR= 7.1718-0.091x-0.4642y-0.0047x2+0.009xy+0.0117y2

R2=0.1689+**
RMSE=1.0153
p<0.001

4
Q
a
22 3
20
18
16 2 =
14 =5
12 1 78
10 £
4]
¢ £
4
p . > 200 5 &
o . <180 6
-2 [ <140 <55
2 [1<100 s
B <60 <35 -
<20 <25 o =
<15 S

Figure 1. Quadratic regression analysis between stress level (x axis), THI (y axis) and DFI, ADG and FCR (z axis). The
quadratic equation that predicts the DFI, ADG and FCR values is shown at the top of each figure, while the adjustment
parameters of the R-square (R2) model, mean square error (RMSE) and p-value, are shown on the top right-hand side of
each figure. DFI: Daily feed intake, ADG: Average daily gain, FCR: Feed conversion ratio, THI: Temperature-humidity

index. ***p < 0.001.

3. Results

The fattening performance of the experimental stock is shown in Table 1. FCR showed
a mean value of 3.18 £ 0.06 which ranged from 3.08 = 0.09 for the cold season to 3.24 + 0.07
for the warm season. In contrast, TWG, TBW, ADG and TFI showed higher values in the
cold season than the warm season (increases of 36.8 g, 110 g, 2.6 g/d and 125 g, respectively)
(Table 1). In the warm season, all the variables except THI had a lower coefficient of
variation, and the rabbits gained less weight (TWG) and ate less feed (TFI). The changes in
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THI between summer and winter were high, with the minimum THI in the warm season
(17.19) higher than the maximum value in the cold season (15.35).

The environmental effects that could most influence the fattening performance were
studied (Table 2). Sex was not a significant effect in any trait. The stress levels produced
statistically significant differences for all the productive traits collected (p < 0.05). The
season (warm or cold) had a statistically significant effect on DFI and FCR (p = 0.007 and
p <0.001), and THI had a significant effect on ADG (p = 0.018) and DFI (p < 0.039).

The results of the Tukey post hoc are shown in Table 3. The cold season was a
significantly better season for DFI and FCR. The week of the fattening period significantly
affected the three productive traits studied, increasing their values almost every week. The
stress levels significantly affected the three productive traits studied. The rabbits with the
lowest stress levels had lower values for the three productive traits studied.

The parameters depend on the season, warm or cold, with a DFI of 76.81 g/d in
summer and 80.37 g/d in winter, which leads to a higher feed consumption in the cold
season, and an ADG of 24.96 g/d in summer and 27.39 g/d in winter, which increases the
rabbits” weight in the cold season. The FCR is 3.29 in summer and 3.22 in winter, which
therefore makes it a better indicator in the cold season.

Depending on the level of stress, there are also changes in the productive parameters.
The DFl is 44.71 g/d in non-stressed animals, but as high as 90.41 g/d in highly-stressed
animals, producing a higher feed consumption the more stressed the rabbits are. The ADG
ranges from 22.45 g/d in non-stressed animals to 29.14 g/d in highly-stressed animals,
which results in a greater weight increase in rabbits with higher stress levels. FCR increases
with the stress levels of rabbits, with 2.53 in non-stressed animals and up to 3.24 in highly-
stressed animals.

The evolution of the fattening performance parameters depending on the THI and
stress levels (quadratic regression analysis) is shown in Figure 1. As shown by the equations,
the DFI decreased as THI increased, in contrast to stress levels. ADG was inversely
proportional to THI and directly proportional to stress levels. FCR was directly proportional
to THI and stress levels. Even though the three equations have been significant (p < 0.001),
the best adjustments (R? = 0.17) have been produced with the DIF and FCR variables.

4. Discussion

Daily feed intake, ADG and FCR are among the most essential performance param-
eters when evaluating productive efficiency during fattening on a rabbit farm [28]: they
affect productive efficiency and are influenced by the animals” welfare. Of these, FCR is the
most important parameter from an economic point of view [29,30]. The FCR of the rabbits
in this study was lower than the value obtained by Gonzalez-Redondo [43] for this same
breed (3.46 at 63 days of age) and slightly higher than that obtained by Feki et al. [52] in
selected lines (3).

Average Daily Gain showed a lower mean value than that found by Gonzdlez-
Redondo [43] for this strain (34.0 £ 0.93 g/day) and by Rodellar et al. [53] for Spanish
Common rabbits (31.8 &= 1.77 g/day), and this value is below the normal values in select
lines of young rabbits (38-48 g/d; [52]). The ADG in countries with a consolidated rabbit
industry ranges from 30 to 46 g/day [54-58], and can be as high as 50 g/day on commercial
farms which use highly prolific maternal lines and high-growth paternal lines [59,60].

Daily feed intake showed an average value (77.80 £ 1.34 g/day) lower than that of
selected lines, which usually present values of around 105 g/day [58].

The low ADG and DFI values observed in the animals in this study are due to the
fact that it is an unimproved rustic breed, like the Ibizan rabbit [61], and a breed with
little genetic potential for feed consumption, as indicated by Ponce de Leodn et al. [62]
for the rustic Cuban semi-giant breed, and with low growth potential [63]. According to
Gupta et al. [64], FCR and DFI are influenced by breed, as is ADG [65]. Lebas et al. [66]
showed that the productive performance, under similar environmental and nutritional
conditions, is specific to each breed, due to the genetic differences between them.
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Consistent with Gupta et al. [64], we found a higher DFI in the cold season
(80.30 £ 2.63 g/day) than in the warm season (76.21 £ 1.42 g/day). Similarly, we also
coincided with Sabah and Dalal [67] and Gupta et al. [64], who observed seasonal differ-
ences in FCR, which was higher in the warm season than in the cold season. As in the
works by Ramon et al. [68] and Ondruska et al. [69], ADG decreases as the temperature
increases. Heat conditions have a negative impact on growth, due to a series of effects
that can be explained through heat stress response [70]. Rabbits are highly sensitive to
heat because they have very few sweat glands and these are not distributed throughout
their body; they therefore have great difficulty in eliminating body heat when the ambient
temperature is high and so are prone to stress [71].

The peripheral thermal receptors are triggered to induce the center of appetite in the
hypothalamus to cause a decrease in DFI [72] and ADG, and an increase in FCR [71]. The
high ambient temperature induces rabbits to stabilize their body heat by dissipating their
latent heat, which affects the metabolic balance of water, proteins, energy and minerals,
enzymatic reactions, hormonal secretions and blood metabolites [73]. During heat stress,
animals increase their heat loss through the vaporization of water during respiration [71].
Heat stress not only has negative effects on growth characteristics, but also on reproduction
and reduced resistance to diseases [74]. The temperature-humidity index had a significant
effect on ADG and DFI, showing that THI is an optimal tool to assess the impact of heat
and humidity, which often influence animals” welfare and growth [75].

The sex of the animals had no significant effect on the productive parameters, which
is normal in rabbits which have not reached sexual maturity [76], at which physiological
moment the technical indices in males and females begin to diverge [77].

The handling of the animals during the fattening period had a significant influence on
the productive parameters: with the increase in stress levels, there was a tendency towards
increased DFI, ADG and FCR. Acute stress can induce hyperphagia with increased feed con-
sumption [78], which turns to generate greater body weight [79]. Lopez-Espinoza et al. [80]
have also shown that there is an increase in feed consumption after the exposure to stress
has ended, and in other species such as rats, feed intake acts as a comforter which reduces
the stress response [81]. Nkrumah et al. [82] and Llonch et al. [83] have shown in other
species that the response to handling is associated with temperament, with the most tem-
peramental animals being the least efficient. In our trial, due to the hyperphagia produced
by stress, animals which are more reactive to the effect of handling consume more feed,
thus increasing ADG, but not efficiently, which leads to a higher FCR. From a livestock
point of view, these animals are more temperamental and with a greater capacity to react to
stress. Therefore, they are not of great interest from the point of view of feeding efficiency.

Both during and just after the action of the stressful agent, there is a suppression of feed
intake induced by the action of the hormones, noradrenaline [84] and corticotropin [85],
which allows the animals to carry out a response. Rabbits react with flight, for which energy
is required, thus inhibiting other operations of the metabolism, including the digestive
system [86].

Eating in response to stress is a common means of relief and gratification in ani-
mals [87]. As a result, stress is positively associated with body weight [88]. Acute exposure
to stress produces more important metabolic changes than chronic stress [89]: the increase
in FCR is due to the alteration of animal welfare that negatively affects the animals’ effi-
ciency, making them less productive [90]. Even though one of the main objectives of the
domestication process is to suppress unwanted responses to extreme fear [5], domesticated
animals still shy away from humans [91].

The stress level of the rabbit examined jointly with THI exerts a greater influence on
DFI, ADG and FCR than THI alone. According to Oseni and Poopola [92], the overall
environment could be described as comfortable, since the average THI values in both
seasons were below 23. The increase in FCR with THI and the stress level of each individual
show that the animals are less efficient during fattening as the THI increases and the
reactivity of each animal is higher [74,90].
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5. Conclusions

In conclusion, it has been shown that the performance parameters were altered by
the action of weather conditions and the level of individual reactivity to a stressful effect,
such as handling. As a result, the productive efficiency of the rabbits was higher in the
cold season than in the warm season, when the lowest levels of individual reactivity were
recorded. There were an increase in FCR and a decrease in ADG with increasing THI. With
the increase in the ability to react to stress, there was a tendency to increase in DFI, ADG
and FCR, which implies an overall decrease in the fattening performance. In addition,
humidity, temperature and individual reactivity are suitable indicators which can be used
to improve the rabbits” welfare and production.

The use of rabbits with low reactivity and controlled climatic conditions could benefit
rabbit welfare and productivity. These results could serve as a useful guide for productive
management in fattening rabbits and the use of rustic breeds (which are better acclimatized
to the local weather conditions) to benefit animal welfare in rabbit farming.
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Resumen

El tercer capitulo de la presente Tesis Doctoral evalia la correlacion entre la temperatura
tomada con cdmara de termografia infrarroja (IRT) en cuatro partes diferentes de la anatomia
de conejos de engorde (0jo -ETT-, oido externo -OETT-, oido interno -IETT- y nariz -NTT-) y
la temperatura rectal medida utilizando un termémetro convencional, con el fin de validarla
como una alternativa menos estresante. También determina la influencia de diferentes efectos
ambientales (madre, semana de engorde y tamafio del grupo) dentro cada uno de los tres lotes
analizados en funcidén del periodo del afio en donde se realizé la fase de engorde (abril-mayo,

junio-julio y enero-febrero).

En el examen clinico de los conejos, la temperatura se suele registrar con ayuda de un
termometro digital introducido por via rectal, siendo un procedimiento invasivo que podria
producir estrés por manipulacion. Para la realizacidn del presente estudio se tomaron muestras
de temperatura dos veces por semana, durante la fase de engorde de 38 dias, de 48 conejos de
una estirpe similar a la raza autdctona recientemente reconocida Antiguo Pardo Espafiol. Los
factores evaluados en cada uno de los lotes fueron: coneja madre de los conejos (8 conejas),
semana de engorde (4 a 5 semanas) y tamafio del grupo en funcién del nimero de conejos
alojados en cada jaula (individuales con un solo conejo por jaula, grupos pequefios que
contenian de 2 a 4 conejos por jaula y grupos grandes que contenian de 5 a 7 conejos por

jaula).

Las temperaturas medias que se obtuvieron fueron: RT de 38,48+0,02 °C; ETT de 37,31+0,05
°C; OETT de 29,0940,26 °C; IETT de 30,5340,25 °C y NTT de 33,29+0,11 °C. Se observaron

correlaciones positivas moderadas y estadisticamente significativas (p<0,001) entre RT y las

temperaturas medidas con IRT (IETT, OETT, ETT y NTT), tanto en general (0,39 a 0,49) como
intraclase (0,36 a 0,39), corregidas por los factores lote, tamafio del grupo, semana de engorde
y coneja. Las medidas termogréaficas que mostraron mayor correlacion con RT fueron OETT
(0,49), IETT (0,47) y NTT (0,47).

También se estudiaron los efectos que podrian influir en las variables de temperatura evaluadas

por IRT y RT dentro de cada lote. Encontramos diferencias significativas (p<0,001) para las
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semanas de la fase de cebo, con tendencia a que la temperatura de los conejos aumente a
medida que avanzaba el periodo de engorde. Asi mismo, se observd que a medida que
aumentaba el tamafio del grupo de conejos habia una tendencia a aumentar la temperatura
corporal. Solo se mostraron diferencias estadisticamente significativas (p<0,05) para las
variables IETT y OETT en un solo lote de engorde (lote 1), mostrandose en el grupo pequefio
mayor temperatura de ambas variables con respecto al grupo grande. El efecto coneja madre no

mostro diferencias estadisticamente significativas dentro de los lotes.

En conclusion, la termografia infrarroja aparecié como una alternativa adecuada a la RT para la
evaluacion de la temperatura corporal en conejos de engorde, evitando asi el estrés de
manipulacion, al existir una correlacion positiva entre la IRT y la temperatura rectal evaluada
por termdémetro digital, siendo la IETT el mejor punto de referencia para medir la temperatura

corporal por termografia.
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RELATIONSHIP BETWEEN RECTAL TEMPERATURE MEASURED WITH A CONVENTIONAL
THERMOMETER AND THE TEMPERATURE OF SEVERAL BODY REGIONS MEASURED
BY INFRARED THERMOGRAPHY IN FATTENING RABBITS. INFLUENCE OF DIFFERENT

ENVIRONMENTAL FACTORS

JAEN-TELLEZ J.A.©, BARTOLOME E.©, SANCHEZ-GUERRERO M.J.®, VALERA M.©,
GONZALEZ-REDONDO P.

Departamento de Agronomia, Universidad de Sevilla, Ctra. Utrera km 1, 41013 SgviLLa, Spain.

Abstract: In clinical examination of rabbits, the temperature is usually recorded with a digital thermometer
introduced rectally, an invasive procedure that could cause handling stress. The aim of this study was to assess
body temperature using infrared thermography (IRT) in four areas of the rabbit’s anatomy: eye (ETT), outer ear
(OETT), inner ear (IETT) and nose (NTT), and then validate it as an alternative measure to rectal temperature
(RT) assessed with a conventional thermometer. Temperature samples were taken twice a week from 48
weaned rabbits of Spanish Common Rabbit breed during a 38-d fattening period. The factors considered
were: doe from which the rabbits came (8 does), weeks of fattening period (4 to 5 wk), batch (3 periods of the
year: April-May, June-July and January-February) and group size (cages with 1 to 7 rabbits). On average, the
results were an RT of 38.48+0.02°C; ETT of 37.31+0.05°C; OETT of 29.09+0.26°C; IETT of 30.53+0.25°C,
and NTT of 33.29+0.11 °C (meanzse). Moderate, statistically significant positive correlations (P<0.001) were
observed between RT and temperatures measured with infrared thermography (IETT, OETT, ETT and NTT),
both in general (0.39 to 0.49) and intraclass (0.36 to 0.39), based on the batch, group size, week of fattening
period and doe. The thermographic measurements which showed the highest correlation with RT were OETT
and IETT. We also studied the effects that could influence the temperature variables evaluated by IRT and
RT within each batch: for each week of the fattening period, for the group size and for the doe effect. We
found significant differences (P<0.001) between weeks within the batch, with a tendency for the temperature
of the rabbits to increase as the fattening period progressed. The doe effect (within the batch) did not show,
on the whole, any statistically significant differences within batches. On the other hand, we did observe a
trend towards higher temperatures as the group size increased. In conclusion, infrared thermography is an
effective tool for body temperature assessment and correlates closely with RT, with IETT appearing as the
best reference point for taking body temperature in fattening rabbits. Infrared thermography appeared as a
suitable alternative to RT for body temperature assessment in rabbits, thus avoiding handling stress.

Key Words: rectal temperature, infrared thermography, rabbit, fattening period, group size, season.

INTRODUCTION

The infrared thermography (IRT) technique, using an infrared thermography camera, works by measuring
electromagnetic energy and detecting the different wavelengths emitted by each temperature value (Stewart et al.,
2005). Its main strength is that it is a rapid, non-invasive, non-contact method to measure the animal’s surface
temperature (De Lima et al., 2013; McCafferty, 2013). It allows us to evaluate the physiological states and temperature
changes due to pathologies and to estimate the live weight of the fattening rabbits (Silva et al., 2015a; Travain et al.,
2015; Sanchez et al., 2016). However, it may be conditioned by certain factors such as climate conditions (Knizkova
et al., 2007).
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Rabbits are quiet and docile animals, although they tend to be skittish (Ward, 2006). Their relatively recent
domestication means that they continue to see humans as predators, so they instinctively associate their presence
with negative stimuli, which constitutes a major factor of stress and fear (Trocino and Xiccato, 2006). In this way,
handling rabbits wrongly can have physical (spinal cord or vertebrae fracture or subluxation) and physiological
(hypertension, hyperglycaemia, decreased renal perfusion, intestinal hypomotility) consequences on the animals due
to stress, and can lead to various types of pathologies, such as diarrhoea (Lebas et al., 1997; Meredith, 2006; Malley,
2007), producing weight loss and even death (Lebas et al., 1997).

The rabbit is a homeothermic animal, so it has to keep its body temperature constant in order to carry out its
normal activity and vital processes (Yamasaki-Maza et al., 2017). Body temperature is a physiological parameter
that allows us to measure the animals’ health status (Valera et al., 2012), as most infectious diseases present with
hyperthermia (Zimmerman et al., 2012), as well as the rabbit’s welfare by assessing its stress level, as the higher the
stress, the lower the welfare (Stewart et al., 2005). Stress causes the release of various hormones in rabbits, such
as catecholamines (especially adrenaline and norepinephrine), corticotropin-releasing hormone, adrenocorticotropic
hormone and corticosteroids (in rabbits, mainly corticosterone and cortisol), which cause an increase in body
temperature (Kataoka et al., 2014), among other effects.

There are various devices available to help us measure an animal’s body temperature, both internally and externally
(Flecknell, 2009). The most widely-used technique in rabbits is recording the rectal temperature (RT) (Chen and
White, 2006), which is obtained by inserting a conventional thermometer into the rectum (Chapel et al., 2015).
Other alternative options which have been tested and validated include taking the temperature either in the tympanic
membrane with an infrared thermometer (Hall et al., 2001; Ardiaca et al., 2010) or on the surface of the skin using
IRT (Chacur et al., 2016). In rabbits, different anatomical parts present different temperature values due to different
vascularisation and the influence of environmental temperature (Jaén-Téllez et al., 2020).

Changes in body temperature can be measured correctly using RT (Marai et al., 2002), but this methodology is
invasive and could negatively affect the animal’s welfare, as it takes a long time to measure (Chung et al., 2010;
Vicente-Pérez et al., 2019).

However, no previous recorded studies have compared the rabbit’s body temperature using RT with IRT measurements
taken in different body regions on a routine basis. Therefore, the main aim of this study was to evaluate the temperature
taken with an IRT camera in four different parts of the anatomy in fattening rabbits (eye, outer ear, inner ear and nose),
in order to validate it as an alternative to RT using a conventional thermometer, and to assess the influence of different
environmental effects (doe, week of the fattening period and group size) on this evaluation.

MATERIALS AND METHODS

Animals and husbandry

We analysed a total of 48 rabbits from 8 different does (Figure 1), weaned at 28 d of age, over a fattening period
of 38 d. All the rabbits analysed were from the common Spanish agouti-coated domestic meat-oriented breed,
belonging to a strain kept at the Higher Technical School of Agricultural Engineering Teaching Farm of the University of
Seville (Spain). The genetic characterisation and productive performance of this stock have previously been described
by Emam et al. (2020) and Gonzalez-Redondo (2016), respectively. Overall, the rabbits were phenotypically similar
to the recently recognised autochthonous breed “Antiguo Pardo Espariol” (Spanish Common Rabbit) (Ministerio de
Agricultura, Pesca y Alimentacion, 2019).

During three experimental periods (batches), the rabbits were housed in polyvalent wire-mesh cages measuring
90x40x30 cm (length, width and height, respectively), located in a conventional closed facility with natural (non-
forced) ventilation, with geographic coordinates: 37° 21’ 36.3” N and 5° 56’ 23.9” W; 11 m a.s.l., and the animals
were subjected to a natural photoperiod. The experiment was carried out in accordance with the Royal Decree
53/2013 (Ministerio de la Presidencia, 2013) and the Directive 2010/63/EU on the protection of animals used for
scientific purposes (EU Parliament and Council, 2010).
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Figure 1: Distribution of animals within batches, cages and does.

The rabbits were fed a commercial pelleted balanced diet (15.0% crude protein and 15.5% crude fibre) ad libitum.
Water was supplied ad /ibitum. No antibiotics were added to the water or food.

Temperature recording

Infrared thermography images were taken with a FLIR E60 camera, following the indications by Bartolomé et al.
(2013) and Jaén-Téllez et al. (2020). To calibrate the camera results, the environmental temperature and relative
humidity were recorded with a digital thermo-hygrometer (Extech® 44550) every time an animal was measured, S0
that each infrared temperature had corresponding humidity and temperature values from the room where the trial
took place. Later, these thermographic photos were analysed with Flir Tools+® software, obtaining for the analyses
the maximum temperature (indicated with a red triangle) of a circle traced around the body area evaluated (Figure 2).

Rectal temperature was measured using a conventional clinical thermometer (Thermoval® kids flex), following the
technical indications from Chapel et al. (2015). To do this, the rabbit was held in sternal decubitus, while the tail was
moved to one side and a lubricated thermometer was inserted through the anus into the rectum, 60 s after taking
the rabbit out of the cage. To avoid the possibility of spreading diseases between the animals, the thermometer was
disinfected with alcohol after measuring each rabbit’s temperature.

Experimental procedure

The sample temperatures were collected twice a week (Monday and Thursday), between 11:00 a.m. to 12:00 p.m.,
during the fattening period (38 d). In order to test the influence of different factors on the temperature of the rabbits,
4 different effects were studied: doe (doe 1 to doe 8), batch (batch 1 to batch 3), week of fattening period (week 1 to
week 5) and group size (individual, small group and large group).

The criteria for forming the groups according to “group size” were having individual animals, small groups of rabbits
and large groups of rabbits. Individual groups contained just 1 rabbit, small groups contained 2 to 4 rabbits and large
groups contained 5 or more.

The three seasonal periods or batches of the trial were arranged as follows: batch 1 (Spring: April-May 2019),
batch 2 (Summer: June-July 2019) and batch 3 (Winter: January-February 2020). Batch 1 included 14 animals from
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Outer left ear Inner left ear

Mar

Average 2

Figure 2: Thermographic images of different body regions of the rabbit.

EI1 identifies the circle traced around the measured part of the body of the rabbit; the red triangle indicates the maximum temperature
point within the EI1 circle; the blue triangle indicates the minimum temperature point within the EI1 circle; the rectangle on the upper
left side of the photo indicates the values measured within the EI1 circle (maximum, minimum and average temperature, in °C);
the coloured line along the right side of the photo indicates the temperature colour range of the whole photo, with the minimum
temperature in the bottom blue side and the maximum temperature at the top white side (in °C).

3 different does, which were housed in 5 different cages: 1 small group cage, 1 large group cage and 3 individual
cages. During batch 2, 11 animals were measured, from 3 different does and housed in 5 different cages: 2 small
group cages, 1 large group cage and 2 individual cages. Finally, 23 animals were measured during batch 3, from
5 different does, which were housed in 8 different cages: 2 small group cages, 2 large group cage and 4 individual
cages (Figure 1).

During each sampling session, two infrared thermography photos were taken from 4 different anatomical points on
each rabbit (8 infrared thermography photos per animal and session in total): outer and inner parts of the left ear, left
eye caruncle and whole nose (Figure 2). The photos were always taken in the same order for all the animals, and it
took 30 s approximately per animal in all cases. In addition, a rectal temperature measurement was also taken just
after the infrared thermography photos were obtained. The approximate total time per animal for taking thermographic
photographs and measuring the rectal temperature was 1 min 30 s. After all the samples were obtained, the animal
was put back in its cage and the next rabbit was taken for measuring. Thus, a total of 9 temperature measurements
per animal and session were obtained. Taking into consideration that the samples were taken twice a week for 38 d
(about 8 measuring sessions per fattening period), a total of 72 temperature measurements were obtained per
animal. As this process was repeated each seasonal period, 417 temperature results were obtained in total from
48 different rabbits: 126 in batch 1 (Spring), 88 in batch 2 (Summer) and 203 during batch 3 (Winter).
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Statistical analyses

A previous Shapiro-Wilk test (results not shown) presented a normal distribution of the variables studied. Hence,
parametric statistical analyses were carried out.

First of all, a descriptive statistical analysis (mean, standard error, standard deviation, minimum and maximum) was
performed on the 48 rabbits studied during the fattening period for the five variables analysed: rectal temperature
(RT), eye thermographic temperature (ETT), inner ear thermographic temperature (IETT), outer ear thermographic
temperature (OETT) and nose thermographic temperature (NTT). In addition, an independent t-test by variable was
carried out to search for statistically significant (P<0.05) differences between the rectal (RT) and thermographic (ETT,
IETT, OETT and NTT) variables.

To obtain the phenotypic correlations between the rectal and thermographic variables, direct and intraclass Pearson’s
correlations, according to batch, group size, week of the fattening period and doe, were computed. Scatter plots and
regression analyses between rectal temperature (RT) and thermographic temperatures were also performed, and the
coefficient of determination (R?) and the root-mean-square error (RMSE) for them were calculated.

To test the influence of environmental factors on the rabbits’ temperatures, a univariate General Linear Model (GLM)
analysis was carried out for the five temperatures studied (RT, ETT, IETT, OETT and NTT) according to doe, group
size and week of fattening period, all within each batch. Moreover, to determine any statistically significant (P<0.05)
differences between the levels of the effects for the RT variable, a post-hoc Duncan’s test was carried out.

Statistical analyses were performed using SPSS software for Windows (IBM Corp. IBM SPSS Statistics for Windows;
Version 25.0; IBM Corp: Armonk, NY, USA, 2017).

RESULTS AND DISCUSSION

Measuring body temperature is a key task in the sanitary management of a livestock farm, especially in rabbits, since,
being a prey animal, it tends to hide the symptoms of its state of health (Ardiaca et al., 2010). Both hyperthermia
and hypothermia are sure signs of health problems in animals. Hyperthermia can be caused by infection, stress,
inflammations of non-infectious origin or unfavourable environmental conditions (Fraser, 1988), while hypothermia
can be caused by unfavourable environments, the inability of the hypothalamus to control body temperature due
to intracranial diseases (Fraser, 1988) or by a number of different pathologies, such as coccidiosis (Vadlejch et al.,
2010).

The highest mean temperature in the rabbits was found for RT (38.48+0.02), followed by ETT (37.31+0.05), NTT
(33.29+0.11), IETT (30.53+0.25) and lastly OETT (29.09+0.26) (Table 1). The temperatures taken by IRT were
consistent with those obtained by Jaén-Téllez ef al. (2020) in a similar study in rabbits of the same breed. The
difference in temperature values for each anatomical point studied can be explained by different vascularisation
and by the influence of the ambient temperature (Jaén-Téllez et al., 2020). The average normal body temperature

Table 1: Descriptive statistics (mean, standard error, minimum, maximum, standard deviation) for the 4 thermographic
variables and for rectal temperature. T-test by variable between the 4 thermographic temperature variables analysed
and RT.

Meanzs.e. (°C) Min Max s.d. P-value
RT 38.48+0.02 35.60 39.80 0.50 -
IETT 30.53+0.25 16.00 40.35 5.11 o
OETT 29.09+0.26 18.20 39.10 5.41 b
ETT 37.31+0.05 32.10 39.45 1.10 i
NTT 33.29+0.11 26.15 38.45 217 b

*** P<(0.001; RT: Rectal temperature; ETT: Thermographic temperature from the eye; IETT: Thermographic temperature from the
inner ear; OETT: Thermographic temperature from the external ear; NTT: Thermographic temperature from the nose, s.e.: standard
error; s.d.: standard deviation.
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of the rabbits taken by RT in this study (38.5+0.02 °C) was found to be within the ranges established by various
authors (38.0-40.0 °C according to Harris, 1994; 37.7-39.0 °C according to Ardiaca et al., 2010 and 38.0-38.5°C
according to Fuentes et al., 2010). These temperature variations were due to different conditioning factors, such as
environmental temperature, the rabbits’ breed or the measuring instruments used (Zeferino et al., 2011).

RT was higher than the temperatures measured by IRT in the different body areas analysed (P<0.001). The lowest
temperature range could be observed in RT (35.6 to 39.8 °C), which is an internal temperature, compared to the
temperatures taken with IR, where the narrowest range was that of ETT (32.1 to 39.5 °C), which coincides with the
area with the highest temperature and with the data obtained by Jaén-Téllez et al. (2020).

All the correlations of IRT with RT (Figure 3) were positive, statistically significant (P<0.001) and of medium magnitude.
The values ranged from 0.36 for the intraclass correlation with ETT and NTT to 0.49 for the general correlation with
OETT.

Different authors have stated that RT correlates positively with IRT taken in different parts of the animal’s anatomy.
Vicente-Pérez et al. (2019) observed, in sheep, that RT is positively and moderately correlated with different hair coat
temperatures obtained by IRT. Rydygier et al. (2017), working with buffaloes, concluded that the temperature of the
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Figure 3: Pearson correlations (direct and intraclass according to batch, group size, week of fattening period and doe)
and scatter plots with regression analysis between rectal temperature (RT) and thermographic temperatures.

r: Pearson correlation; R?: Coefficient of determination; RMSE: Root-mean-square error; RT: Rectal temperature; ETT: Thermographic
temperature from the eye; IETT: Thermographic temperature from the inner ear; OETT: Thermographic temperature from the external
ear; NTT: Thermographic temperature from the nose.
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vulvar, nasal and ocular regions obtained by IRT correlated positively with RT. Chung et al. (2010) showed, in piglets,
a linear relationship between RT and IRT taken in the central abdomen, cranial dorsum and perianal regions. Our study
agrees with these authors, and shows the potential suitability of infrared thermography as a technique for measuring
temperature in the same way as a digital thermometer.

In particular, the OETT and IETT variables showed the best correlations with RT, and their complementary use can
therefore be recommended. In this context, De Lima et al. (2013) recommend taking the body temperature in rabbits
using thermography in the eyes and nose due to the difficulty of taking it in the ear. Both the ears and the nose are
used by rabbits to dissipate heat (Fayez et al., 1994), although nose humidity can vary according to the ambient
temperature in the different seasons, which can alter the value of the NTT (Luzi et al., 2007). Jaén-Téllez et al. (2020)
stated that ETT is the reference temperature for recording body temperature with thermography in fattening rabbits,
as itis the anatomical area with the lowest range of variation. However, although the correlation results highlighted ear
measurements ([ETT and OETT) as better measurements to complement the RT measurement, IETT would be a better
reference measure than OETT, as the outer ear is used by rabbits to dissipate heat (Fayez et al., 1994).

Figure 4 shows the effect of the doe, week of fattening period and group size on the different temperature variables
evaluated by IRT and RT, within each batch. For the doe effect, statistically significant differences were only found for
the IETT and OETT variables of batch 1 and 3 and the RT of batch 2. Doe 3 showed statistically higher values (P<0.05)
in batch 1 and batch 2, as did doe 7 (P<0.05) in batch 3. The differences between the does in specific batches and
in certain anatomical parts could be explained by the individual effect of the doe. Quevedo et al. (2003) showed that
the doe influences the productivity in the fattening area (growth and mortality during the fattening period), either by
the number of parturitions the doe has or by the rabbit itself (individual effect).

As regards the batch-week of the fattening period combinations, we observed statistically significant differences
(P<0.001) between weeks for all the batches and for all the variables analysed (IRT and RT). The temperature
increased with the weeks of the fattening period, showing an upward trend as the fattening period progressed.
According to Fraser (1988), young animals tend to have lower temperatures than older animals. This has been
observed not only in rabbits (Fewel et al., 2000, Zeferino et al., 2011; Daader et al., 2018) but also in other species,
such as broilers (Soleimani et al., 2008) or dairy cattle (Collier et al. 2019).

In addition, different authors (Cervera and Fernandez-Carmona, 1998; Jaén-Téllez et al., 2020) noted that the
temperature of the rabbit’s different anatomical parts correlates with the environmental temperature. The environment
has an influence on the surface temperature of the rabbit’s body, because it affects skin temperature and the
heat exchange between the animal and its environment through vasomotor control (Collier et al., 2006; Zeferino
et al, 2011; Arduini et al., 2017). A key factor in the regulation of a rabbit’s internal temperature is therefore the
environmental temperature at which the animals are kept (Sanmiguel and Diaz, 2011).

The animals’ increased body temperature in each of the weeks of the fattening period may correlate with the evolution
of the rising environmental temperature in each of the months of each batch. In order of the batches, the ambient
temperature was higher at the end than at the beginning of each of these periods. The average environmental
temperatures ranged from 21.3°C in April to 38.7°C in May for batch 1; 25.0°C in June to 26.1°C in July for
batch 2, and 12.9°C in January to 18.8 °C in February for batch 3.

For group size within each batch, we only observed statistically significant differences (P<0.05) for the IETT and OETT
variables of batch 1, with the animals in the small group showing the highest temperature values for both variables,
compared to those in the large group. Stauffacher (1986 and 1992) recommended group housing in this species
during the fattening period, as is common practice in industrial rabbit farming, since it increases their social contact
and encourages development of the typical behaviours of the species. It also reduces biting the cage bars (a very
common habit), aids thermoregulation and can help relieve stress (Burn and Shields, 2020).

In our study, in general, no statistically significant differences were found between groups because they were made
up of the ideal number of animals to maximise welfare (less than 8 rabbits per cage) (Combes and Lebas, 2003),
and there were therefore no significant differences in body temperature due to the effect of stress. Young rabbits are
usually reared in groups (Lebas et al., 1997), and a greater level of welfare of the rabbits is achieved when the group
size does not exceed 6 animals (Morisse and Maurice, 1997).

World Rabbit Sci. 29: 263-273

269



100°0>d s * H0'0>d s ‘GO'0>d  JUBDYIUBIS AJ[BINSIEIS JON="S"U :(GO"0>) POUIBLU UIU}IM SUBSW UsBM]a] SaOUSIBIp JUBDLIUBIS Al[BONSIEIS 81BIIpUI SI8NHS| JUSIBHICo-e
“(S18)19] UpIm pajeaIpUl) Sueall Usamiaq SIsAjeur 20y-1sod ueaun( (enjeA-4 Yum paedlpul) az1s dnol pue poriad Buiuaiie) Jo eam ‘aop 0] Bulplodde pue yoleq
UIYHIM UOSLIBAWIOD ‘|8pOJ\| Jeaur [eJauay) aeleAlun ‘Sjuswiainseslu (—=) ainjeladwal [B1081 PUe (—f— 8sou pue —&— afa ‘—&— Jea Jaino ‘—— Jea Jauul) olydelbownsay] ¢ ainbi4

JAEN-TELLEZ et al,

dnoin [ewg

dnoin [ewg dnoip [[ewg
[enpiarpuy dnoin o81e] [enpIArpug dnoxp e8reT [enprAIpuy dnoip a3re
9T 0¢ 0T
8z It . (4
su (43 + e q T
51 0¢ = . 5 €€ ﬂ * e q 9T =
% g ve S 82
- 2 g
i e) e S ve &
R e . su 8¢ o 9¢
8¢ sugE———mF — = Su =
U = 6€ su 8€ 9ZIS
of or or dnoly
SHTA FAPM E£PIM THPM | A ot FARIM EIM DR P 6 CIBM PPM E£YPM TIRM [ RM -
T
070 '93d g0lagh = 5 Y2, e ——
A I z i T o8 o . -
0007 W GITIT=CeM| D — [ gSl - ghi = £PIM . I 61
0707 W 0TGPl = T oM ~ re 0 o8~ T = TR It 107 A2 T19 = £ 24| b
OTOT Tef o Togl = 1 904 — q - GLOT 407 1 - 900 4T = 1PN s 60T ABIN € - AV 67 = T2 | 9T
o ™ a % € g 6107 Y 8752 = 1 P24 20 ez o
9 (st g g g
adl o B wan 1 — v 0g g
Han ot o 2 e st m. 43 8
waw b .9 Q9 ~iq (a3 | » 9¢ @ 5
q e [ : b ve 2
e waw Le S ]
qe e a qe qe 9¢ 4q q g8 9¢ C
g o a2 B E—— g o G pouad
A — e -, N.!\ﬂ“lIIIFIM-I.IlII[H .
@ % ¢ 4 ® - B q q qe ob o Buuane;
34 ¥ T 10 %99\
ga0q L90d 990 $0d t0d 990 ¢ 00 1 s0q " ¢ 20q z90q 190Q oz
0¢
(44
e « 8
o é B €€ q ®
= u |_| pe o 0€ —
wN [¢] s'u - o [}
E iU ] a 2
0€g - €8 * e |%E
0 £ Ww it
€ E 9€ & * e £
(¢ « ‘s o
ve = ) ~
LE o 9]
9¢ c o ~ 1L 9€ —
S .— 8¢ .m.cm = m M su g¢
* 6€ P I CS—__ )
ot qe m q su
w o or 90
€ Yyaleg ¢ Yaleg | yoreg d010v4

263-273

270 | World Rabbit Sci. 29



ASSESSMENT OF BODY TEMPERATURE IN RABBITS

Camacho et al. (2003) observed that the best weight gains are obtained when 7 rabbits are kept together in one
cage in autumn-winter and 5 rabbits per cage in spring-summer. However, they found no differences in the average
fattening weights in densities of below 8 rabbits per cage. On the other hand, when the group size exceeds 4-5 rabbits
per cage, health risks increase and animal welfare is affected (Szendr§ and Dalle Zotte, 2011). Furthermore, in large
groups of rabbits, the haematological parameters are affected (lower erythrocytes, leukocytes and haemoglobin
count, with higher platelet count), although the productive parameters are not, and the animals are therefore more
sensitive to environmental effects. However, having groups of 8 animals from the same litter improves productivity
and does not alter these parameters (Ramon-Moragues et al., 2020).

Measuring body temperature by IRT requires specific equipment and software, which can be relatively expensive
compared to conventional thermometers. Moreover, it involves the necessity to develop a learning curve to relate IR
temperature with rectal temperature. In this context, the IRT technique reveals itself as a useful tool for fast and large-
scale screening searching for early stages of diseases or stress in rabbit farms, where the high number of animals
makes it expensive, in terms of the time required, to check the temperature of each rabbit using a conventional
thermometer.

CONCLUSIONS

IRT is an effective tool for measuring the temperature of different regions of an animal’s body, and these measurements
are related to RT. The inner ear seems to be the best reference point for taking body temperature in fattening rabbits
by IRT (IETT) due to higher correlations found with RT, while OETT measurement appears to be an inefficient way of
representing body temperature, as it is used by rabbits to dissipate heat.
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ETOLOGIAY BIENESTARANIMAL EN LA ESPECIE CUNICOLA

DISCUSION GENERAL

El estrés es una respuesta bioldgica del cuerpo causada por circunstancias extraordinarias
definidas como factores que amenazan su homeostasis natural (Laugero y Moberg, 2000). El
estrés es comun en todos los animales (domésticos o salvajes). La percepcion del organismo
del cambio fisico o ambiental, ya sea negativo (amenazante) o positivo (gratificante), puede
producir cambios fisioldgicos y psicologicos, evaluandose, a ambos niveles, a partir de una
serie de indicadores bioldgicos que se detectan una vez que aparecen (Grandin, 1997). Estos
cambios acaecidos en el organismo se denominan estrés, el cual posee un efecto dual, ya que
no es siempre negativo, pues también es la primera reaccién del organismo ante una situacion
de peligro para escapar de depredadores o de una situacién amenazante, siendo una reaccion

natural que la conocemos como respuesta “lucha/huida” (Bartolomé y Cockram, 2016).

La respuesta animal al estrés implica el gasto de energia para eliminar o reducir el impacto del
mismo, lo cual ocasiona que se incrementen las necesidades de mantenimiento del animal y dé
como resultado una perdida de su nivel productivo. La respuesta bioldgica al estres se divide en
fases aguda y cronica (Collier et al., 2017). La fase aguda dura de horas a unos pocos dias y la
fase cronica de varios dias a semanas. La respuesta aguda es impulsada por reguladores
homeostaticos de los sistemas nervioso y endocrino y la fase crénica por reguladores
homeoréticos del sistema endocrino. Ambas respuestas implican alteraciones en el equilibrio
energético y el metabolismo. En este sentido, cuando un animal se enfrenta a una alarma, se
activa un proceso de estrés de tipo agudo, que se caracteriza por una respuesta corta en el
tiempo (Dickens y Romero, 2013). La temperatura corporal también aumenta, lo que es
problematico en especies con una deficiente tolerancia al calor, como la cunicola (Chiericato et
al., 1992). Este aumento de la temperatura se produce cuando se estimula el sistema nervioso
autbnomo simpatico, liberando los neurotransmisores adrenalina y noradrenalina
(catecolaminas) en las sinapsis adrenérgicas, a fin de obtener energia para hacer frente al
agente estresante (Duval et al., 2010). En el caso del conejo, entre 1 y 2 segundos después de
que comienza un efecto estresante se produce una reaccion de huida (Manteca, 1998),
liberando catecolaminas en el torrente sanguineo (Kuchel, 1991), lo que hace que la
temperatura corporal aumente durante un corto tiempo, ya que su funcion es favorecer la
glicogénesis hepatica (Greco y Stabenfeldt, 1997). Es una respuesta a corto plazo, ya que las

catecolaminas tienen una vida media de solo unos minutos en la sangre (Peaston y Weinkove,
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2004). Esta circunstancia permite a los animales hacer frente a la situacion de miedo de manera
eficaz (Lattin y Romero, 2014).

El estudio del estrés suele llevar asociada la problematica de su medicidn, pues la mayoria de
las técnicas tradicionales utilizadas son invasivas, provocando en si mismas una respuesta al
estrés que puede afectar a su interpretacion. La termografia infrarroja (IRT) puede detectar esta
respuesta aguda al estrés, sustituyendo los sistemas tradicionales de medicion de catecolaminas
plasmaticas como respuestas del sistema nervioso autonomo para evaluar el bienestar de los
animales (Stewart et al., 2005). La termografia infrarroja es un método pasivo, remoto y no
invasivo que mide la temperatura de la superficie, detecta la radiacion infrarroja emitida por un
sujeto y proporciona una representacion grafica de la temperatura corporal en los animales
(Speakman y Ward, 1998; Stewart et al., 2005).

La termografia infrarroja es un método Util para evaluar tanto el estrés agudo como el cronico
ya que existe una estrecha relacion entre el estres y el sistema metabolico. Como hemos visto,
cuando un animal se estresa, el eje hipotalamico-hipofisiario-adrenal se activa y, como
resultado de los aumentos en los niveles de catecolaminas y cortisol, asi como en las respuestas
del flujo sanguineo, se originardn cambios en la produccion y pérdida de calor del animal
(Bouwknecht et al., 2007). La exposicion a factores estresantes, tanto fisiologicos como
psicoldgicos de diferentes intensidades, activa una respuesta defensiva que incluye un aumento
de la frecuencia cardiaca y la temperatura corporal. Este aumento, relativamente breve de la
temperatura corporal central inducido por el estrés, se conoce como hipertermia inducida por
estrés (Bouwknecht et al., 2007). EI aumento de la temperatura debido al estrés se ha evaluado
mediante el uso de la IRT en diferentes partes anatdmicas de distintas especies, en el ojo de los
caballos (Valera et al., 2012; Bartolomé et al., 2021), las vacas (Stewart et al., 2007), los perros
(Travain et al., 2015) y en la piel de los cerdos (Warriss et al., 2006). Olivas y Villagra (2013)
demostraron que la temperatura rectal también puede utilizarse para evaluar el miedo o el

estrés agudo en los conejos.

Los efectos de la manipulacion de los conejos por parte del cuidador, en el manejo diario de
una explotacion cunicola, pueden ser una causa estresante en los conejos y ocasionar pérdidas
productivas mas o menos importantes. Los incrementos de temperatura, debidos a la induccion

de estrés por manipulacion, estan en funcion de la capacidad de cada animal para hacer frente a
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situaciones estresantes y adversas, repercutiendo en su respuesta fisioldgica (Monclus et al.,
2006; Cabezas et al., 2007; Broom, 2011). En el trabajo de Jaén-Téllez et al. (2020), presentado
en el Capitulo 2 de esta Tesis Doctoral, se mostré un aumento de la temperatura infrarroja (en
las zonas de la caruncula del ojo, del oido interno y del oido externo) entre los conejos sin
manipulacion y después de su manipulacion. Estos incrementos de temperatura se han
producido tanto en la estacion fria (meses de enero-febrero) como en la calida (meses de abril-
mayo). En el mismo contexto, De Lima et al. (2013), en un estudio sobre el estrés por calor en
los conejos, encontraron, al igual que en nuestro estudio, que las temperaturas mas altas se
detectaron mediante IRT en el ojo (ETT), oido interno (IETT), oido externo (OETT) y nariz
(NTT). En nuestro trabajo, aunque se hicieron mediciones en la nariz, hubo aumento de
temperatura en la estacion calida y disminucion en la estacion fria. Esta diferencia se debe,
posiblemente, a la humedad de la nariz, que puede variar segun la temperatura ambiente en las
distintas estaciones. Por lo tanto, esta humedad puede alterar el valor real de la IRT medida
(Luzi et al., 2007). Asi que, ojo y oido son las partes anatomicas méas fiables para medir el
estrés en esta especie, utilizando la temperatura termografica como indicador. No obstante, hay
que destacar que las mayores variaciones de temperatura entre las condiciones iniciales sin
manipulacion y después de la manipulacion se produjeron en las mediciones de la IETT (Jaén-
Téllez et al., 2020), por lo que este punto anatémico de interés deberia ser la referencia para
evaluar el estrés en los conejos mediante la temperatura medida con la termografia, como
también atestigua en Ludwig et al. (2007). Contrariamente a los resultados de este trabajo, los
estudios realizados por Ludwig et al. (2007), sobre la medicion del estrés por termografia en
conejos, muestran que hay una disminucion de la ETT y OETT después de un evento estresante
con un aumento de la corticosterona en el torrente sanguineo. Esta diferencia entre estudios se
puede deber, precisamente, a la mayor o menor presencia de corticosterona. En el trabajo de
Jaén-Téllez et al. (2020), al efectuarse la medicion de la temperatura en la fase inicial del
efecto estresante, se produciria un estimulo del sistema nervioso autonomo (Nelson, 2000), con
aumento de las catecolaminas, correlacionada con un aumento de la temperatura, mientras que
la mayor presencia de corticosterona se produce a partir de los 60 segundos después del inicio
de la manipulacion o accion del efecto estresante (Gascon y Verde, 1987), produciéndose desde

ese momento un descenso de la temperatura.

En el conejo, el grado de hipertermia debido al estrés por manejo, registrado a nivel de la

caruncula del ojo, no se vio afectado significativamente por la temperatura ambiente,
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coincidiendo con el trabajo de Long et al. (1990). Asi mismo, en IETT y OETT, la temperatura
ambiente se correlacion6 con el aumento de la variacion de la temperatura infrarroja entre las
mediciones realizadas antes y después de la manipulacion. La diferencia de los valores de
temperatura para cada punto anatomico estudiado se debe a su diferente vascularizacién y a la
influencia de la temperatura ambiente. Cabe destacar que tanto las orejas como la nariz son
utilizadas por los conejos para disipar el calor (Fayez et al., 1994). De hecho, para regular
mejor el calor, los conejos tienen orejas mas grandes en las zonas geograficas mas calidas
(Ferreira et al., 2015). Los conejos con orejas mas grandes tienen tasas respiratorias mas bajas
con temperaturas ambientales elevadas (Zeferino et al., 2011). En nuestro trabajo, la IRT
maxima inducida por estrés se produjo en ETT, tanto en la temporada calida como en la fria,
con 39,57 °C y 39,75 °C, respectivamente. Los valores de temperatura obtenidos se encuentran
dentro del rango de normalidad y, por consiguiente, la hipertermia inducida por estrés no fue
patolégica para los conejos de nuestro estudio, coincidiendo con Ardiaca et al. (2010), que
indicaron que la temperatura corporal de los conejos puede aumentar hasta 40 °C en situaciones
de estrés sin ser patolégico. Sin embargo, por encima de los 40 °C las membranas celulares

comienzan a ser destruidas por la desnaturalizacion de las proteinas (Bowler y Manning, 1994).

El estado de miedo o estrés en los animales de nuestro estudio (Jaén-Téllez et al., 2020) podria
deberse a que no fueron manipulados tempranamente (Price, 2002), sino directamente después
del destete. Bilkd y Altbacker (2000) y Csatadi et al. (2005) evidenciaron que la manipulacién
temprana de los gazapos lactantes, en la primera semana tras el nacimiento, reduce
significativamente el estrés causado por la presencia humana. Olivas y Villagra (2013)
informaron de que la manipulacién, por si misma, no causa hipertermia, salvo que exista una
causa estresante adicional como la colocacion de una inyeccién intramuscular de un farmaco o
de suero salino. Logicamente los conejos que muestran mayores niveles de estrés son los
salvajes que se encuentran en cautiverio (Cabezas et al., 2007), evidenciando episodios de
miedo y reacciones de fuga debido a la presencia y manipulaciéon humana.

En los conejos sin manipular, la temperatura infrarroja de las distintas partes anatdmicas se
correlacion6 con la temperatura ambiente, coincidiendo con los resultados obtenidos por
Cervera y Fernandez-Carmona (1998). La temperatura ambiente del alojamiento donde se
mantienen los animales es una condicion clave para la regulacion de la temperatura interna de

un conejo (Sanmiguel y Diaz, 2011). En los conejos en cebo de nuestro trabajo, durante la
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temporada calida de la zona en la que se ha ubicado nuestro experimento (37° 21’ 36,3” N y 5°
56’ 23,9” W; 11 m s.n.m., abril-mayo) hubo una disminucion de la diferencia de temperatura
corporal de los animales entre antes y después de manipularse, entre los primeros y los ultimos
dias del experimento (principio y final del engorde), que puede ser explicado por un proceso de
adaptacion gradual a la manipulacion humana. Sin embargo, este hecho no se ha producido
durante la temporada fria (enero-febrero). En concreto, las menores diferencias de temperatura
infrarroja entre los conejos manipulados y no manipulados se producen al final del periodo de
engorde, durante la temporada calida. Una posible explicacion a este fendmeno es el mayor
estrés térmico por calor que sufren los conejos a medida que su edad y peso corporal aumentan
(haciéndose la temperatura corporal mas alta y consecuentemente habiendo una menor
diferencia entre la temperatura ambiental y la corporal). Este suceso se ha observado tanto en
los conejos (Daader et al., 2018) como en otras especies productivas como pollos de engorde
(Soleimani et al., 2008) y vacuno de leche (Collier et al., 2019). En consecuencia, para la
produccién de conejos, el hecho que los animales mas pesados y con mas edad sean mas
sensibles al estrés térmico, implica que la temperatura ambiental debe controlarse mas

estrictamente a medida que avanza el periodo de engorde.

El estrés es la primera reaccion del organismo ante una situacion de peligro para escapar de
depredadores o de una situacion amenazante, siendo una reaccion natural que la conocemos
como respuesta “lucha/huida” (Bartolomé y Cockram, 2016). Para la reaccion de huida de los
conejos se requiere energia, lo que justifica el aumento de la temperatura (Duval et al., 2010),
siendo esta necesidad energética mayor en invierno que en verano (Samoggia, 1987; Okab et
al., 2008).

Los mayores rangos de temperatura infrarroja en conejos no manipulados se produjeron en las
mediciones realizadas con la cadmara infrarroja a nivel del oido externo. Autores como
Gonzélez et al. (1971) y Zeferino et al. (2011) evidenciaron que esta zona del cuerpo estd
implicada en la transferencia de calor con el habitdculo y se ve afectada tanto por la
vasoconstriccion como por la vasodilatacion, dependiendo de la temperatura ambiente (Cervera
y Fernandez-Carmona, 1998). El rango de diferencias entre los promedios de temperatura
infrarroja para el oido externo y la temperatura ambiente en conejos no manipulados fue de 3,5
°C. En concreto son 1,5 °C menos que los determinados por Gonzalez et al. (1971), que

realizaron un estudio de balance termico en machos no manipulados alojados a temperaturas

101



JUAN ANTONIO JAEN TELLEZ

que oscilan entre los 5 y los 35 °C. Sin embargo, en la temporada calida, la diferencia de
temperatura en los conejos de esta Tesis fue de +1,2 °C con los conejos del estudio de
Gonzélez et al. (1971) y de +2,1 °C con los conejos del estudio de Yamasaki-Maza et al.
(2017), que llevaron a cabo un trabajo de investigacion para determinar y analizar las
correlaciones entre la temperatura ambiente, la humedad relativa y THI, con relacion a la
temperatura de la oreja de los conejos como mecanismo de termorregulacion. Las diferencias
de temperatura encontradas entre nuestro estudio y los distintos trabajos referidos pueden
deberse a factores como las diferencias en las razas de conejos y las herramientas utilizadas
para medir la temperatura En concreto, Yamasaki-Maza et al. (2017) utilizaron un termémetro
clinico digital de infrarrojos sin contacto con un rango de temperatura de 32-43 °C (precision
de +0,3 °C) en conejos de razas Nueva Zelanda, Chinchilla y Azteca, mientras que Gonzélez et
al. (1971) utilizaron termopares de cobre-constantan unidos con discos de plastico a pequefias

zonas de piel rasurada detras de las orejas de conejos blancos de Nueva Zelanda.

El sexo ha sido un factor que no ha tenido influencia en la temperatura infrarroja de los conejos
de engorde manipulados y no manipulados, posiblemente debido a que los conejos de nuestro
estudio no habian alcanzado la pubertad ya que el destete se realizé a los 28 dias y los animales
al final de periodo de engorde (38 dias) solo tenian 66 dias de edad. En concreto, segin Lebas
et al (1997) la pubertad en los conejos se alcanza con cuatro meses y medio en los machos y
entre los 4 y 8 meses en las hembras, dependiendo de la raza y el desarrollo corporal. Sin
embargo, en conejos adultos se han detectado diferencias entre los sexos cuando los animales
fueron sometidos a estrés debido a las diferencias en el metabolismo de los glucocorticoides
entre machos y hembras (Monclus et al., 2006). Divergencias entre sexos, debido al distinto
metabolismo de la corticosterona, también se ha encontrado en ratas (Touma et al., 2003). Otra
razon que podria explicar el hecho de que en nuestro estudio no se obtuvieron diferencias
significativas entre machos y hembras después de la manipulacion, podria deberse al hecho de
que el estrés que se producia era agudo, causado por una reaccién corta e influido por un

aumento de las catecolaminas, en lugar de los glucocorticoides (Nelson, 2000).

La temperatura ambiente a la que se mantienen los animales es el factor clave en la capacidad
de los conejos para regular su temperatura (Cervera y Fernandez-Carmona, 1998),
termorregulando mas eficientemente con temperaturas mas bajas (Lebas et al., 1997). A partir

de los 24 °C, los conejos destetados, durante el periodo de engorde, empiezan a tener
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problemas respiratorios, con fatiga, aumento del ritmo cardiaco, falta de apetito y disminucion
del metabolismo basal (Samoggia, 1987). Aunque la temperatura ambiente fue ligeramente
superior, en nuestro estudio no se observo ninguno de estos efectos, quizas debido a la
adaptacion de esta raza al calido clima espafiol (Cafion, 2015) y a la plasticidad fenotipica de

los conejos (Dalmau et al., 2015).

Los principales parametros que evaltan la eficiencia productiva en una explotacion cunicola
son la ingesta diaria de alimento (DFI), la ganancia media diaria (ADG) y el indice de
conversion alimentaria (FCR) (Cartuche et al., 2014), aunque también son parametros que
estdin muy condicionados por el bienestar de los animales (Marai y Rashwan, 2004).
Posiblemente, el FCR es el parametro mas importante desde el punto de vista econémico
(Armero y Blasco, 1992; Gidenne et al., 2017). EI FCR medio de los conejos en este estudio
(Jaén-Téllez et al., 2021a; Capitulo 2) fue de 3,18. Este valor fue ligeramente inferior al valor
obtenido por Gonzélez-Redondo (2016) para esta misma raza (3,46 a los 63 dias de edad) y
ligeramente superior al obtenido por Feki et al. (1996) en lineas seleccionadas (3,0). La ADG
(25,80+0,46 g/dia) mostro un valor medio inferior al encontrado por Gonzélez-Redondo (2016)
para esta misma estirpe (34,0 0,93 g/dia) y por Rodellar et al. (1989) para el Conejo Comun
Espafol (31,8+1,77 g/dia), siendo este valor inferior a los valores normales encontrados en
lineas selectas de conejos (38-48 g/d; Feki et al., 1996). La ADG en los paises con industria de
conejo consolidada oscila entre 30 a 46 g/dia (Orengo et al., 2009) y puede llegar a 50 g/dia en
explotaciones que utilizan lineas maternas muy prolificas y lineas paternas de alto crecimiento
(Garcia-Ruiz et al., 2006; Medellin y Lukefahr, 2011). La DFI de los animales de nuestro
estudio mostré un valor medio (77,80+1,34 g/dia) inferior al de lineas seleccionadas, que
suelen presentar valores préximos a 105 g/dia (Orengo et al., 2009). El rendimiento productivo,
bajo similares condiciones ambientales y nutricionales, es especifico de cada raza, debido a las
diferencias genéticas entre ellas (Lebas et al., 1997). Los valores bajos de ADG y DFI
observados en los animales de este estudio se deben al hecho de que se trata de una raza rastica
no mejorada, al igual que ocurre con el conejo Ibicenco (Formoso-Rafferty, et al., 2016).
También los animales de nuestra Tesis pertenecen a una raza con poco potencial genético para
el consumo de alimento y con bajo potencial de crecimiento (Gonzélez-Redondo, 2007), al
igual que sucede con la raza rustica Semigigante Cubano (Ponce de Leon et al., 2002). EI FCR

también es otro parametro que esta influenciado por la raza (Gupta et al., 2000).
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Los parametros productivos se suelen ver condicionados, en la cria cunicola, por la
meteorologia. Concretamente, en nuestro trabajo (Jaén-Téllez et al., 2021a) hemos encontrado
una DFI mas alta en la temporada fria (80,30+2,63 g/dia) que en la temporada célida
(76,21+1,42 gl/dia), coincidiendo con el trabajo de Gupta et al. (2000). También hemos hallado
diferencias estacionales en el FCR, con valores mas elevados en la estacion calida (3,24+0,07)
que en la estacion fria (3,08+0,09), concordando con distintos autores (Gupta et al., 2000;
Sabah y Dalal, 2016). Sin embargo, la ADG es un parametro que va disminuyendo a medida
que la temperatura aumenta, produciéndose un decremento de 2,6 g/d entre la media de la
estacion fria (27,39 g/d) y la media de la estacion célida (24,79 g/d). Las condiciones de calor
tienen un impacto negativo en el crecimiento, debido a una serie de efectos que pueden
explicarse a través de la respuesta al estrés por calor (Okab et al., 2008) y que se traducen en
una reduccién del consumo de pienso, al disminuir los gastos de mantenimiento, causando una
ralentizacion del crecimiento y, en consecuencia, un deterioro de la eficiencia alimenticia. Hay
que recordar que los conejos son muy sensibles al calor debido a que tienen muy pocas
glandulas sudoriparas, que ademas no estan distribuidas de forma uniforme por todas las partes
del cuerpo, provocando que el conejo tenga una gran dificultad para eliminar el calor corporal
cuando la temperatura ambiente es alta y, por lo tanto, son propensos a sufrir estrés por calor
(Chiericato et al., 1992).

En los conejos, los receptores térmicos periféricos se activan, cuando la temperatura ambiente
es elevada, para inducir el centro del apetito en el hipotalamo, causando una disminucion en la
DFI y ADG (Marai et al., 2007) y un aumento en el FCR (Chiericato et al., 1992). La
temperatura ambiente alta induce a los conejos a estabilizar su calor corporal al disipar su calor
latente, que afecta el equilibrio metabolico del agua, proteinas, energia y minerales, reacciones
enzimaticas, secreciones hormonales y metabolitos sanguineos (Kasa y Thwaites, 1992).
Durante el estrés por calor, los animales aumentan su pérdida de calor mediante la vaporizacion
del agua durante la respiracion (Chiericato et al., 1992). Este tipo de estrés no solo tiene efectos
negativos sobre el crecimiento, sino también sobre la reproduccion y resistencia a las
enfermedades (Odeon y Romera, 2017). En el presente estudio, el indice de temperatura-
humedad (THI) tuvo un efecto significativo sobre la ADG y DFI, lo que demuestra que el THI
es una herramienta dptima para evaluar el impacto del calor y la humedad, que a menudo
influyen en el bienestar y el crecimiento de los animales (Hahn et al., 2009). El sexo de los

animales en este estudio (Jaén-Tellez et al., 2021a) tampoco tuvo un efecto significativo sobre

104



ETOLOGIAY BIENESTARANIMAL EN LA ESPECIE CUNICOLA

los parametros productivos, al igual que ocurrid con el trabajo de Jaén-Téllez et al. (2020),
siendo normal en conejos que no han alcanzado la madurez sexual (Paci et al., 2013), que es el
momento fisioldgico en el que los indices técnicos en machos y hembras comienzan a divergir
(Lazzaroni et al., 2009).

El manejo de los animales durante el periodo de engorde tuvo una influencia significativa en
los parametros productivos. Con el aumento de los niveles de estrés por manipulacion, hubo
una tendencia al aumento de DFI, ADG y FCR. El estrés agudo puede inducir hiperfagia, con
un mayor consumo de alimento (McMillan, 2013), que a su vez genera un mayor peso corporal
(Silveira et al., 2000). Autores como Ldpez-Espinoza et al. (2012) también demostraron que
aumenta el consumo de alimento después de la exposicion al estrés, aunque, inmediatamente
después de la accion del agente estresante se produce una supresion de la ingesta de alimento
inducida por la accion de las hormonas noradrenalina (Halford, 2001) y corticotropina (Takeda
et al., 2004), que permite a los animales llevar a cabo una respuesta al estrés. En los animales,
las respuestas comportamentales pueden variar desde manifestaciones de docilidad hasta
nerviosismo (miedo) y desde la falta de respuesta mostrada por inmovilidad para escapar, hasta
la conducta agresiva o de ataque (Stricklin y Kautz-Scanavy, 1984). Esta respuesta, en el caso
de los conejos, es una reaccién de huida, para la que se requiere energia, lo que inhibe
funciones del metabolismo, incluido el sistema digestivo (Gomez y Escobar, 2006). En otras
especies como las ratas, la ingesta de alimento actia como un reconfortante que reduce la
respuesta al estrés (Ortolani et al., 2011). Comer, en respuesta al estrés, es un medio de alivio y
gratificacion en los animales (Ans et al.,, 2018). En consecuencia, el estrés se asocia
positivamente con el peso corporal (Torres y Nowson, 2007). La exposicion aguda al estrés
produce cambios metabolicos méas importantes que el estrés cronico (Rostamkhani et al.,
2012). Distintos autores han demostrado, en diferentes especies, que la respuesta al manejo se
asocia con el temperamento (Nkrumah et al., 2007; Llonch et al., 2016), siendo menos
eficientes los animales més temperamentales. El término “temperamento” se define como la
reaccion producida en un animal ante estimulos o determinadas situaciones, como puede ser la
presencia del hombre. En este sentido, los animales con un temperamento nervioso demuestran
una respuesta mayor al miedo que surge de las interacciones sociales, los encuentros con
nuevas especies y los nuevos estimulos tanto de tipo visuales, auditivos o tactiles (Burrow y
Dillon, 1997; Curley, 2004). EIl temperamento Yy el estrés estan estrechamente relacionados, por

ello la evaluacion del temperamento de los animales se ha establecido como un método para
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seleccionar a los animales que podrian ser menos sensibles al estrés o que se adaptan mejor a
las condiciones de manejo, permitiendo de esta forma mejorar la productividad en la
explotacion (Curley, 2004). En nuestro estudio, debido a la hiperfagia producida por el estrés
derivado de la manipulacién, los animales mas temperamentales consumen mas pienso,
aumentando asi la ADG, pero no de manera eficiente, lo que conduce a un FCR mas alto. En
este sentido, el aumento del FCR puede ser consecuencia de la alteracion del bienestar animal,
que afecta negativamente la eficiencia de los animales, haciéndolos menos productivos (Marai
y Rashwan, 2004). Aungue uno de los principales objetivos del proceso de domesticacion es
suprimir las respuestas no deseadas al miedo extremo, en los conejos, como en otras especies,
no se ha conseguido erradicar su miedo al ser humano, al que perciben como un potencial
depredador (Price, 1984). Desde un punto de vista ganadero, estos animales mas
temperamentales y con mayor capacidad de reaccionar ante situaciones de estrés, no son de

gran interés por su menor eficiencia alimentaria.

En resumen, los factores climaticos (THI) pueden producir estrés en los conejos, pero Si
ademas los conejos son manipulados los niveles de estrés se veran incrementados afectando en

mayor medida al rendimiento productivo (Marai y Rashwan, 2004; Odeon y Romera, 2017).

Las normativas comunitarias son cada dia mas exigentes, en respuesta a una sociedad con una
mayor sensibilidad hacia las condiciones de produccion ganadera. Para que los sistemas
productivos, entre ellos la ganaderia cunicola, se adapte a las nuevas normativas es necesario
desarrollar modelos productivos que mejoren el confort y la salud de los animales, junto con la
sostenibilidad econdmica de las explotaciones. La medicidn de la temperatura corporal es una
tarea clave en el manejo sanitario de una explotacion ganadera, especialmente en conejos, ya
que, al ser un animal de presa, tiende a ocultar los sintomas de su estado de salud (Ardiaca et
al., 2010), por lo que es necesario controlar la temperatura para registrar alteraciones de su
normalidad fisioldgica. Tanto la hipertermia como la hipotermia son signos de problemas de
salud en los animales. La hipertermia puede ser causada por infecciones, estrés, inflamaciones
de origen no infeccioso o condiciones ambientales desfavorables (Fraser, 1988). Por el
contrario, la hipotermia puede ser causada por ambientes desfavorables debido a la incapacidad
del hipotdlamo para controlar la temperatura corporal, debido a enfermedades intracraneales

(Fraser, 1988) o por una serie de patologias, como la coccidiosis (Vadlejch et al., 2010).
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La temperatura corporal promedio de los conejos, tomada por RT en este estudio (38,5+0,02
°C; Jaén-Téllez et al., 2021b; Capitulo 3), se encontré dentro de los rangos establecidos por
varios autores (38,0-40,0 °C segun Harris, 1994; 37,7-39,0 °C segun Ardiaca et al., 2010 y
38,0-38,5 °C segun Fuentes et al.,, 2010). Estas variaciones de temperatura se deben a
diferentes factores condicionantes, como la temperatura ambiental, la raza de los conejos o los
instrumentos de medicién utilizados (Zeferino et al., 2011). La temperatura mas alta en los
conejos de nuestro estudio se encontrd para RT (38,48+0,02 °C), frente a las temperaturas
tomadas a nivel externo con ayuda de la camara infrarroja (ETT: 37,31+0,05 °C; NTT:
33,29+0,11 °C; IETT: 30,53+0,25 °C y OETT: 29,09+0,26 °C). La diferencia en los valores de
temperatura para cada punto anatomico estudiado se puede explicar por la diferente
vascularizacion (Brewer y Cruise, 1994; Jaén-Téllez et al., 2020) y por la influencia de la
temperatura ambiente (Zeferino et al., 2011; Jaén-Téllez et al., 2020). EI menor rango de
variacion de los valores de temperatura se encontrd en las tomadas a nivel interno (via rectal)
con un termémetro digital (35,6 a 39,8 °C). Para las temperaturas infrarrojas el menor rango de

variacion se encontro en ETT (32,1 a 39,5 °C).

Diferentes autores han puesto de manifiesto que la RT se correlaciona positivamente con la IRT
tomada en diferentes partes de la anatomia del animal. En este sentido, Vicente-Pérez et al.
(2019) determinaron que la RT en ovino se correlaciona positiva y moderadamente con
diferentes temperaturas del pelaje obtenidas por IRT. Rydygier et al. (2017), trabajando con
bufalos, concluyeron que las temperaturas de las regiones vulvar, nasal y ocular obtenidas por
IRT se correlacionaron positivamente con la RT. Chung et al. (2010) mostraron, en lechones,
una relacién lineal entre RT e IRT tomadas en el abdomen central, dorso craneal y regiones
perianales. En nuestro trabajo (Jaén-Téllez et al., 2021b) todas las correlaciones de IRT con RT
fueron positivas, de magnitud media y estadisticamente significativas (p<0,001), oscilando
entre 0,36 (correlacion intraclase) con la ETT a 0,49 con la OETT. Con ello, se pone de
manifiesto la idoneidad de la IRT como técnica para medir la temperatura corporal en conejos.
Ademaés, la termografia infrarroja tiene una serie de ventajas sobre el método tradicional de
controlar la temperatura en los conejos:

e Es una tecnologia no invasiva, no incrementando el estrés del animal por la

manipulacion humana.
e Es un método muy eficiente para detectar el estrés (motivado por causas ambientales,

por enfermedad o por efectos del propio manejo productivo).
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e El procedimiento de la toma de las medidas termogréaficas puede incluso realizarse en

oscuridad, con lo cual los animales se ven menos afectados por la presencia humana.

Las mayores correlaciones con la RT han sido con OETT, IETT y NTT. Curiosamente, De
Lima et al. (2013) recomiendan tomar la temperatura corporal en conejos mediante termografia
en 0jos y nariz debido a la dificultad de tomarla en el oido. Sin embargo, tanto las orejas como
la nariz son utilizadas por los conejos para disipar el calor (Fayez et al., 1994), aunque la
humedad de la nariz puede variar segun la temperatura ambiente en las diferentes estaciones, lo
que puede alterar en mayor nivel el valor de la NTT (Luzi et al., 2007). Por ello la IETT seria
la mejor medida de referencia ya que los conejos utilizan el oido externo para disipar el calor
(Fayez et al., 1994). No obstante, cuando se esta trabajando con temperaturas, es muy
importante determinar todos los factores que las pueden condicionar. A este respecto, en
nuestro trabajo, se analizaron el efecto de la coneja madre de los gazapos (8 conejas), la
semana de engorde en que se mide la temperatura (4 a 5 semanas) y el tamafio del grupo en
funcién del namero de conejos alojados en cada jaula (individuales con un solo conejo por
jaula, grupos pequefios que contenian de 2 a 4 conejos por jaula y grupos grandes que
contenian de 5 a 7 conejos por jaula) sobre las diferentes variables de temperatura evaluadas
por IRT y RT, dentro de cada uno de los 3 lotes establecidos, en funcion de la temporada en que
se realizo el cebo (lote 1: abril-mayo; lote 2: junio-julio; lote 3: enero-febrero) en los conejos
de engorde. Para el efecto madre solo se encontraron diferencias estadisticamente significativas
para las variables IETT y OETT del lote 1 y 3 y la RT del lote 2. Los gazapos de la coneja 3
mostraron valores méas altos de temperatura en IETT y en OETT en el lote 1, siendo
estadisticamente significativos (p<0,05) con respecto a la coneja 2 y en RT en el lote 2, siendo
estadisticamente significativos (p<0,05) con respecto a la coneja 1, al igual que las crias de la
coneja 7 en el lote 3 para IETT (p<0,05) con respecto a las conejas 4, 5, 6 y 8 y en OETT
(p<0,05) con respecto a las temperaturas de los gazapos de las conejas 4, 5y 6. Las diferencias
entre las conejas en lotes especificos y en determinadas partes anatomicas podrian explicarse
por el efecto individual de cada una de ellas. Quevedo et al. (2003) demostraron que la madre
influye en la productividad de su prole en la etapa de cebo (crecimiento y mortalidad durante el
periodo de engorde), ya sea por el nUmero de partos que tiene la coneja (los animales con
mayor nimero de partos tienen méas edad y suelen tener un temperamento mas tranquilo) o por
el efecto genético intrinseco de la propia coneja (efecto genético individual). En nuestro
estudio las conejas con mas edad han sido las conejas 1, 2 y 3.
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La semana del periodo de engorde también mostrd diferencias estadisticamente significativas
(p<0,001) en todos los lotes y para todas las variables analizadas (IRT y RT). La temperatura
de los conejos aumento con el transcurso de las semanas de cebo. Segun Fraser (1988), los
animales jovenes tienden a tener temperaturas mas bajas que los animales mas viejos. Esto se
ha observado no solo en conejos (Fewell et al., 2000; Zeferino et al., 2011; Daader et al., 2018)
sino también en otras especies, como pollos de engorde (Soleimani et al., 2008) o ganado
bovino de leche (Collier et al., 2019). El aumento de la temperatura corporal de los animales, a
medida que avanzaba el periodo de engorde, puede relacionarse con la evolucion del aumento
de la temperatura ambiental en cada uno de los meses de cada lote. En los distintos lotes, la
temperatura ambiente fue mas alta al final que al comienzo de cada uno de estos periodos. Las
temperaturas ambientales medias variaron de 21,3 °C en abril a 38,7 °C en mayo para el lote 1;
de 25,0 °C en junio a 26,1 °C en julio para el lote 2 y de 12,9 °C en enero a 18,8 °C en febrero
para el lote 3. El ambiente influye en la temperatura de la superficie del cuerpo del conejo, ya
gue afecta la temperatura de la piel y el intercambio de calor entre el animal y su entorno a

través del control vasomotor (Collier et al., 2006; Zeferino et al., 2011; Arduini et al., 2017).

Un efecto que se habia pensado que podra influir de forma significativa en el estrés de los
conejos de engorde ha sido el tamafio del grupo dentro de cada lote (nimero de conejos
alojados en cada jaula). Sin embargo, solo observamos diferencias estadisticamente
significativas (p<0,05) para las variables IETT y OETT del lote 1, mostrando los animales del
grupo pequefio los valores de temperatura mas altos, en comparacién con los del grupo grande
(diferencias de 1,47 °C para IETT y de 1,5 °C para OETT). Autores como Stauffacher (1986 y
1992) recomendaron el alojamiento en grupo de esta especie, durante el periodo de engorde,
siendo ésta una practica comun en la cria industrial de conejos (Lebas et al., 1997), ya que
aumenta su contacto social, favorece el desarrollo de los comportamientos tipicos de la especie,
reduce el mordisco en las barras de la jaula (un habito muy comdn), ayuda a la
termorregulacion y puede ayudar a aliviar el estrés (Burn y Shields, 2020). Hay divergencias
entre distintos autores con respecto al nimero maximo de conejos por jaula y, obviamente
también dependera de las dimensiones de la jaula. Autores como Morisse y Maurice (1997) han
establecido que el mayor nivel de bienestar de los conejos se produce cuando el tamafio del
grupo no supera los 6 animales; Combes y Lebas (2003) han determinado que el nimero ideal
de conejos por jaula debe ser inferior a 8; Camacho et al. (2003) observaron que las mayores

ganancias de peso se obtienen cuando se mantienen juntos 7 conejos en una jaula durante la
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temporada fria y 5 conejos por jaula durante la temporada calida (no encontraron diferencias en
los pesos medios de engorde en densidades inferiores a 8 conejos por jaula); Szendro y Dalle
Zotte (2011) indican que cuando el tamafio del grupo supera los 4-5 conejos por jaula, los
riesgos para la salud aumentan y el bienestar animal se ve afectado. En concreto en grandes
grupos de conejos de cebo por jaula, los parametros hematoldgicos se ven afectados (menor
recuento de eritrocitos, leucocitos y hemoglobina, con mayor recuento de plaquetas), aunque
no los pardmetros productivos. En este contexto, Ramon-Moragues et al. (2020) han observado
que constituir grupos de animales de la misma camada mejora la productividad, no alterando
los parametros hematoldgicos y reproductivos. En nuestro estudio, las diferencias encontradas
en funcion del tamafio del grupo de animales alojados en jaula no resultaron significativas,
posiblemente debido a que el nimero de animales en cada grupo era adecuado. El
confinamiento propio de la ganaderia cunicola intensiva puede condicionar el bienestar, ya que
restringe la expresion de algunos comportamientos relacionados con el confort a corto, medio o
largo plazo, debiéndose considerar todos los factores ambientales que puedan provocar estrés

en los animales y afecten a su productividad.

En conclusion, la termografia infrarroja es una técnica no invasiva, Gtil para la medicion del
estrés agudo en explotaciones cunicolas de engorde, especialmente si se toma como referencia
el oido interno. Esta metodologia permite valorar el bienestar animal, en este tipo de
explotaciones, con el objetivo de mejorar su productividad y de hacer un testaje de la situacién
sanitaria de los animales, sin necesidad de provocar un estrés afiadido al utilizar métodos
clasicos de control que requieren de la manipulacién de los animales. Asi mismo, permite hacer
una seleccién de los animales en base a su reactividad individual al manejo, mejorando la

capacidad de adaptacién al humano, para minimizar su percepcion como fuente de estrés.
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CONCLUSIONES

CONCLUSIONES DEL CAPITULO |

e La termografia infrarroja es una buena técnica para evaluar el estrés agudo de los
conejos de engorde como resultado de la manipulacion, siendo el oido interno y el ojo

los puntos maés fiables para su medida.

e Los conejos de la raza Antiguo Pardo Espafiol que son manipulados por los seres
humanos durante el periodo de engorde sufren estrés, tanto en la estacion fria como en
la estacion célida de Andalucia, como lo demuestran las variaciones de temperatura

corporal evaluadas con termografia infrarroja.
CONCLUSIONES DEL CAPITULO II

e Los pardmetros de rendimiento que miden la eficacia productiva durante la fase de
engorde, en una granja cunicola experimental situada en la provincia de Sevilla, se ven
condicionados por diferentes efectos estresantes como la accion de la temperatura
ambiental y la manipulacion humana, que provoca distintos niveles de reactividad
fisiologica, caracterizada por incrementos de temperatura medida evaluada con ayuda
de una camara infrarroja. En concreto, la eficiencia productiva de los conejos fue mayor
durante la temporada fria y en los conejos con los niveles mas bajos de reactividad

individual a la manipulacion.
CONCLUSIONES DEL CAPITULO 11

e La correlacion existente entre la temperatura medida con camara infrarroja en distintas
areas del cuerpo del conejo y la medida con termdémetro digital por via rectal, pone en
evidencia que la temperatura infrarroja es una herramienta atil para un cribado rapido y
a gran escala en busca de estadios tempranos de enfermedades o estrés en granjas de
conejos, donde el elevado numero de animales encarece, en términos de tiempo,
controlar la temperatura de cada conejo de forma individual utilizando un termometro
convencional, ademas de evitar los problemas de estrés generados por la manipulacion

humana.
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e Aunque todas las temperaturas infrarrojas estudiadas en conejos de engorde mostraron
niveles medios de correlacion con la temperatura rectal, el oido interno parece ser el
mejor punto de referencia para tomar la temperatura corporal, debido a las correlaciones
mas altas encontradas con la temperatura rectal, siendo el ojo el segundo punto de
referencia para su control. Sin embargo, el oido externo y la nariz podrian considerarse
lugares menos eficientes para la medida de la temperatura corporal, dado que las orejas
y la nariz las utilizan los conejos para disipar el calor, y también la humedad de la nariz
puede variar segun la temperatura ambiente en las diferentes estaciones, lo que puede

alterar el valor de la temperatura mediante termografia.
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