
Zoo Animal Nutrition Workshop

Marcus Clauss
Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of Zurich, Switzerland

Apenheul 2022



Matching biological information
with husbandry practice



Feeding frequency



Prey size vs. body size



Prey size vs. body size



Prey size vs. body size



Prey size vs. body size



Prey size vs. body size



Kill frequency vs. body size



Kill frequency vs. body size



Kill frequency vs. body size



Kill frequency vs. body size



Kill frequency vs. body size



Kill frequency vs. body size



Kill frequency vs. body size



Kill frequency vs. body size



Zoo feeding frequency



Zoo feeding frequency



Rabbit example



Hay only ad lib      HO 29
Extruded (+hay)    EH 19
Muesli (+hay)        MH
Muesli only ad lib  MO 14

Crude fibre
(%DM)

4 x 8 rabbits kept in pairs
(neutered, vaccinated)
17 months duration

Rabbit study



Hay only ad lib      HO 29
Extruded (+hay)    EH 19
Muesli (+hay)        MH
Muesli only ad lib  MO 14

PAPER

Journal of Small Animal Practice  •  Vol 56  •  March 2015  •  © 2014 British Small Animal Veterinary Association 207 

 

Journal of Small Animal Practice (2015) 56, 207–212
DOI: 10.1111/jsap.12301

Accepted: 8 October 2014; Published online: 21 December 2014

Bodyweight and body condition score in 
rabbits on four different feeding regimes
J. L. Prebble, D. J. Shaw and A. L. Meredith

Royal (Dick) School of Veterinary Studies and The Roslin Institute, University of Edinburgh, Edinburgh, Midlothian EH25 9RG

J.L. Prebble was employed on a KTP partnership between the Royal (Dick) School of Veterinary Studies and Burgess Pet Care, Victory 
Mill, Priestman’s Lane, Thornton-Le-Dale, Pickering, North Yorkshire YO18 7RU. Her current address is Askham Bryan College, 
Askham Bryan, York YO23 3FR

OBJECTIVES: The aim of this study was to assess the effects of four diet regimes (extruded diet with 

ad lib hay, muesli with ad lib hay, ad lib hay only, ad lib muesli only) on bodyweight and body condition 

score in rabbits.

METHODS: Thirty-two Dutch rabbits were studied over 9 months. Bodyweight and body condition score 

were recorded weekly.

RESULTS: All groups gained weight with age, but relative to the ad lib hay only group (mean, 

1·77 ±0·13 kg), after 9 months rabbits in the ad lib muesli only group were 146% heavier 

(2·59 ±0·32 kg); extruded diet with ad lib hay group 125% heavier (2·21 ±0·10 kg); and muesli with 

ad lib hay group 123% heavier (2·18 ±0·13 kg). Median body condition score of the ad lib muesli only 

group was obese (4·5) and was higher than that in both the extruded diet with ad lib hay and muesli 

with ad lib hay (median = 3·5) groups (P<0·001). Both the extruded diet with ad lib hay and muesli 

with ad lib hay groups had above-ideal body condition score despite having bodyweights within the 

breed standard range. The ad lib hay only group had a median body condition score of 3 (ideal). There 

was an overall positive correlation between body condition score and weight (qs = 0·814, P<0·001). 

CLINICAL SIGNIFICANCE: The feeding of muesli without hay should be avoided, to prevent obesity. 

INTRODUCTION

Rabbits are popular pets, with an estimated number of 1 to 
1·7 million in the UK (PDSA 2011, PFMA 2013a). Despite 
their popularity, studies to determine basic dietary requirements 
of pet rabbits have not been carried out, resulting in variable 
dietary recommendations. Nutritional guidelines available for 
rabbits (NRC 1977) are based on research conducted on com-
mercially farmed or laboratory rabbits. Commercially formulated 
diets for pet rabbit consist of traditional muesli-type mixes, or 
monocomponent pellets/extruded nuggets, fed alone or in addi-
tion to grass, hay and/or green vegetables. Muesli-type diets are 
suggested to play a role in many disease processes, including obe-
sity, particularly when fed in the absence of hay or grass (Mullan 
& Main 2006, Meredith 2012, RSPCA 2013). However, there 
have been no controlled studies investigating the effect on health 
of these commonly fed pet rabbit diets.

As in dogs and cats, (Lund et al. 2005, McGreevy et al. 2005, 
Lund et al. 2006), obesity is a concern in pet rabbits with a 
reported prevalence of being overweight or obese ranging from 
7 to 24% (Mullan & Main 2006, Courcier et al. 2012). Obesity 
is defined as abnormal or excessive fat accumulation that may 
impair health (WHO 2012). Pets are generally considered over-
weight at 10 to 20% above-ideal bodyweight and obese if their 
weight exceeds 20% above ideal (Burkholder & Toll 2000). Breed 
standard bodyweights do exist for show rabbits (BRC 2012), but 
determining bodyweight alone may be difficult in obese rabbits 
owing to the lack of standard data for cross-breeds, and differ-
ences in husbandry between show and pet rabbits. Obesity can 
also be determined in terms of body condition score (BCS); in 
rabbits, a score of 5 on a 1- to 5-point scale corresponds with 
obesity (PFMA 2013b; Table 1). The overfeeding of commer-
cially available concentrate diets may play a role in the devel-
opment of obesity in pet rabbits (Meredith 2006), particularly 
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Summary

Diet plays an important role in maintaining rabbit health. Feeding an incorrect diet, particularly a low fibre diet,

has been linked with digestive, dental and urinary tract disease. However, food intake and dietary requirements

have been poorly studied in pet rabbits. This study assessed the effects of two commonly fed pet rabbit diets

[extruded nuggets with hay (EH) and muesli with hay (MH)] alongside hay only (HO) and muesli only (MO) on

food and water intake in 32 Dutch rabbits. Dry matter (DM) intake was greater in the HO group and lower in the

MO group than in the EH and MH groups (p < 0.001). The portion of the diet made of hay was greater in the EH

group than in the MH group (p < 0.001). Water intake was positively correlated with DM intake and was great-

est in the HO group (p < 0.001). Selective feeding occurred in all rabbit groups fed muesli, whether or not hay

was also available. Pellets were rejected, and grains and extrudates selected. The presence of selective feeding in

all rabbits fed muesli leads to the consumption of an unbalanced diet. In addition, hay intake and water intake

were lower when muesli was fed. Conclusions drawn from this study are based on general recommendations for

pet rabbits, and clinical disease may have developed by feeding the study diets over a longer time period, as many

diet-related conditions typically present in older rabbits. However, the study demonstrates that the feeding of

muesli diets cannot be recommended.

Keywords hay diet, fibre, muesli

Correspondence A. L. Meredith, Royal (Dick) School of Veterinary Studies and the Roslin Institute, University of Edinburgh, Easter Bush Campus,

Midlothian EH25 9RG, UK. Tel: +44 131 650 7650; Fax: +44 131 650 7652; E-mail: anna.meredith@ed.ac.uk

*JP is employed on a KTP partnership between the Royal (Dick) School of Veterinary Studies and Burgess Pet Care , Victory Mill, Priestman’s Lane,

Thornton-Le-Dale, Pickering, North Yorkshire, YO18 7RU

Received: 25 February 2013; accepted: 8 December 2013

Introduction

The wild rabbit diet is made up predominantly of

grasses (Williams and Wells, 1974), with dicotelydo-

nous plants (e.g. legumes) consumed in higher

amounts when grass availability is low (Bhadresa,

1977). In contrast, concentrate rations (both muesli

mixes and extruded/pelleted nuggets) produced for

domesticated rabbits can be higher in energy (carbo-

hydrates and fats) and lower in fibre (Meredith,

2006). Forage-based diets are commonly recom-

mended for pets (Harcourt-Brown, 2002a; Meredith,

2006; Clauss, 2012) to mimic the diet of wild rabbits;

however, the specific dietary requirements of pet rab-

bits are not fully understood. The feeding of lower

fibre feeds has been implicated in the development of

dental (Crossley, 2003) and digestive disease in pet

rabbits (Bennegadi et al., 2001; Gidenne et al., 2001)

and a higher frequency of abnormal behaviours

(Lidfors, 1997; Berthelsen and Hansen, 1999; Hansen

and Berthelsen, 2000).

Food intake in rabbits has been assessed in farm and

laboratory conditions and is influenced by multiple

factors including fibre levels, digestible energy (DE)

levels, fat levels, amino acid composition and level of

gut fill (Pascual et al., 1999; Gidenne et al., 2000,

2002, 2010; Tome, 2004). Physical composition of the

diet and environmental conditions also affect intake.

Pellets are preferred to meals (ground raw materials;

Harris et al., 1983) and, if fed in a limited quantity,

are consumed rapidly (Lidfors, 1997). Ambient

temperature (Eberhart, 1980; Chiericato et al., 1994;

Cervera et al., 1997), the absence of light (Lebas,

1977) and restricted access to fresh water (Prud’hon

et al., 1975; Cooke, 1982a; Bovera et al., 2013) all

affect food intake.
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead  to  reduced  welfare  through the  development  of poor health,  the inability  to express
normal behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels  and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities

∗ Corresponding author. Tel.: +44 1316517457.
E-mail address: Anna.Meredith@ed.ac.uk (A.L. Meredith).

1 J.P. was employed on a KTP partnership between the Royal (Dick) School of
Veterinary Studies and Burgess Pet Care, Victory Mill, Priestman’s Lane, Thornton-
Le-Dale, Pickering, North Yorkshire YO18 7RU, United Kingdom.

2 Current address: Askham Bryan College, Askham Bryan, York YO23 3FR, United
Kingdom.

(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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OBJECTIVES: The aim of this study was to assess the effects of four diet regimes (extruded diet with 

ad lib hay, muesli with ad lib hay, ad lib hay only, ad lib muesli only) on bodyweight and body condition 

score in rabbits.

METHODS: Thirty-two Dutch rabbits were studied over 9 months. Bodyweight and body condition score 

were recorded weekly.

RESULTS: All groups gained weight with age, but relative to the ad lib hay only group (mean, 

1·77 ±0·13 kg), after 9 months rabbits in the ad lib muesli only group were 146% heavier 

(2·59 ±0·32 kg); extruded diet with ad lib hay group 125% heavier (2·21 ±0·10 kg); and muesli with 

ad lib hay group 123% heavier (2·18 ±0·13 kg). Median body condition score of the ad lib muesli only 

group was obese (4·5) and was higher than that in both the extruded diet with ad lib hay and muesli 

with ad lib hay (median = 3·5) groups (P<0·001). Both the extruded diet with ad lib hay and muesli 

with ad lib hay groups had above-ideal body condition score despite having bodyweights within the 

breed standard range. The ad lib hay only group had a median body condition score of 3 (ideal). There 

was an overall positive correlation between body condition score and weight (qs = 0·814, P<0·001). 

CLINICAL SIGNIFICANCE: The feeding of muesli without hay should be avoided, to prevent obesity. 

INTRODUCTION

Rabbits are popular pets, with an estimated number of 1 to 
1·7 million in the UK (PDSA 2011, PFMA 2013a). Despite 
their popularity, studies to determine basic dietary requirements 
of pet rabbits have not been carried out, resulting in variable 
dietary recommendations. Nutritional guidelines available for 
rabbits (NRC 1977) are based on research conducted on com-
mercially farmed or laboratory rabbits. Commercially formulated 
diets for pet rabbit consist of traditional muesli-type mixes, or 
monocomponent pellets/extruded nuggets, fed alone or in addi-
tion to grass, hay and/or green vegetables. Muesli-type diets are 
suggested to play a role in many disease processes, including obe-
sity, particularly when fed in the absence of hay or grass (Mullan 
& Main 2006, Meredith 2012, RSPCA 2013). However, there 
have been no controlled studies investigating the effect on health 
of these commonly fed pet rabbit diets.

As in dogs and cats, (Lund et al. 2005, McGreevy et al. 2005, 
Lund et al. 2006), obesity is a concern in pet rabbits with a 
reported prevalence of being overweight or obese ranging from 
7 to 24% (Mullan & Main 2006, Courcier et al. 2012). Obesity 
is defined as abnormal or excessive fat accumulation that may 
impair health (WHO 2012). Pets are generally considered over-
weight at 10 to 20% above-ideal bodyweight and obese if their 
weight exceeds 20% above ideal (Burkholder & Toll 2000). Breed 
standard bodyweights do exist for show rabbits (BRC 2012), but 
determining bodyweight alone may be difficult in obese rabbits 
owing to the lack of standard data for cross-breeds, and differ-
ences in husbandry between show and pet rabbits. Obesity can 
also be determined in terms of body condition score (BCS); in 
rabbits, a score of 5 on a 1- to 5-point scale corresponds with 
obesity (PFMA 2013b; Table 1). The overfeeding of commer-
cially available concentrate diets may play a role in the devel-
opment of obesity in pet rabbits (Meredith 2006), particularly 
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Summary

Diet plays an important role in maintaining rabbit health. Feeding an incorrect diet, particularly a low fibre diet,

has been linked with digestive, dental and urinary tract disease. However, food intake and dietary requirements

have been poorly studied in pet rabbits. This study assessed the effects of two commonly fed pet rabbit diets

[extruded nuggets with hay (EH) and muesli with hay (MH)] alongside hay only (HO) and muesli only (MO) on

food and water intake in 32 Dutch rabbits. Dry matter (DM) intake was greater in the HO group and lower in the

MO group than in the EH and MH groups (p < 0.001). The portion of the diet made of hay was greater in the EH

group than in the MH group (p < 0.001). Water intake was positively correlated with DM intake and was great-

est in the HO group (p < 0.001). Selective feeding occurred in all rabbit groups fed muesli, whether or not hay

was also available. Pellets were rejected, and grains and extrudates selected. The presence of selective feeding in

all rabbits fed muesli leads to the consumption of an unbalanced diet. In addition, hay intake and water intake

were lower when muesli was fed. Conclusions drawn from this study are based on general recommendations for

pet rabbits, and clinical disease may have developed by feeding the study diets over a longer time period, as many

diet-related conditions typically present in older rabbits. However, the study demonstrates that the feeding of

muesli diets cannot be recommended.
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Introduction

The wild rabbit diet is made up predominantly of

grasses (Williams and Wells, 1974), with dicotelydo-

nous plants (e.g. legumes) consumed in higher

amounts when grass availability is low (Bhadresa,

1977). In contrast, concentrate rations (both muesli

mixes and extruded/pelleted nuggets) produced for

domesticated rabbits can be higher in energy (carbo-

hydrates and fats) and lower in fibre (Meredith,

2006). Forage-based diets are commonly recom-

mended for pets (Harcourt-Brown, 2002a; Meredith,

2006; Clauss, 2012) to mimic the diet of wild rabbits;

however, the specific dietary requirements of pet rab-

bits are not fully understood. The feeding of lower

fibre feeds has been implicated in the development of

dental (Crossley, 2003) and digestive disease in pet

rabbits (Bennegadi et al., 2001; Gidenne et al., 2001)

and a higher frequency of abnormal behaviours

(Lidfors, 1997; Berthelsen and Hansen, 1999; Hansen

and Berthelsen, 2000).

Food intake in rabbits has been assessed in farm and

laboratory conditions and is influenced by multiple

factors including fibre levels, digestible energy (DE)

levels, fat levels, amino acid composition and level of

gut fill (Pascual et al., 1999; Gidenne et al., 2000,

2002, 2010; Tome, 2004). Physical composition of the

diet and environmental conditions also affect intake.

Pellets are preferred to meals (ground raw materials;

Harris et al., 1983) and, if fed in a limited quantity,

are consumed rapidly (Lidfors, 1997). Ambient

temperature (Eberhart, 1980; Chiericato et al., 1994;

Cervera et al., 1997), the absence of light (Lebas,

1977) and restricted access to fresh water (Prud’hon

et al., 1975; Cooke, 1982a; Bovera et al., 2013) all

affect food intake.
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead  to  reduced  welfare  through the  development  of poor health,  the inability  to express
normal behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels  and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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1 J.P. was employed on a KTP partnership between the Royal (Dick) School of
Veterinary Studies and Burgess Pet Care, Victory Mill, Priestman’s Lane, Thornton-
Le-Dale, Pickering, North Yorkshire YO18 7RU, United Kingdom.
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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    O BJECTIVES   :   To assess the impact of four rabbit diets (hay only, extruded diet with hay, muesli with hay 

and muesli only) on faecal pellet size, faecal output and caecotrophy.  

  MATERIALS AND M ETHODS   :    Thirty-two Dutch rabbits were studied over 17 months. Faecal pellet size and 

weight were measured in weeks 3, 9, 21 and 43 and faecal output in weeks 10, 22 and 45. Number of 

uneaten caecotrophs was recorded weekly.  

  R ESULTS   :   Faecal pellets were consistently smaller and lighter in rabbits fed muesli only, and the size of 

pellets produced by those fed muesli with hay decreased over the course of the study. Faecal output was 

greatest in rabbits with the highest hay intake. Uneaten caecotrophs were found in greatest frequency 

in rabbits fed muesli.  

  C LINICAL  S IGNIFICANCE   :   Muesli diets have a negative effect on faecal output and caecotroph ingestion and 

may therefore predispose to digestive disorders. Higher hay intake is associated with greater faecal 

output and fewer uneaten caecotrophs and may assist in preventing the gastrointestinal stasis.         

   INTRODUCTION 

 While rabbits are popular pets (PDSA   2015  , PFMA   2015  ), stud-
ies to determine their specific nutritional requirements have not 
been conducted. Published nutritional guidelines (NRC   1977  , 
FEDIAF   2013  ) are based on research conducted on laboratory 
and commercially-farmed rabbits. Pet rabbits were tradition-
ally fed muesli-type diets but the number fed in this way has 
decreased, with more being fed hay, pelleted foods and vegetables 
(PDSA   2015  ). Muesli-type diets, especially if fed without hay, 
have been suggested to play a role in a range of diseases includ-
ing gastrointestinal (GI) stasis (Mullan & Main   2006  , Meredith 
  2012  , RSPCA   2013  ), and previous studies have found that they 
are also associated with obesity (Prebble  et al .   2015a  ), dental 
disease (Meredith  et al .   2015  ) and behavioural changes (Prebble 
 et al .   2015b  ). 

 Dietary fibre particles are separated in the proximal colon 
of the rabbit according to their size (Jilge   1982  ), with small 

particles (<0·3 mm) retained in the caecum for microbial fer-
mentation (Gidenne   1993  ) and larger particles passed rapidly 
through the colon to be expelled in faecal pellets. Larger fibre 
particles are necessary to maintain normal caecal-colic motility 
(Cheeke   1994  ). Increasing dietary fibre levels increases the rate 
of passage of ingesta (Hoover & Heitmann   1972  , Fraga  et al . 
  1991  , Gidenne   1992  , Bellier & Gidenne   1996  ) and, conversely, 
fine grinding of fibre results in prolonged retention times and 
reduced food intake (Laplace  et al .   1977  , Fraga  et al .   1991  , 
Gidenne   1992  ).  The caecal contents are expelled once or twice 
in a 24-hour period as mucus-coated caecotrophs, which are 
consumed intact directly from the anus (Madsen   1939  , Taylor 
  1939  ). Caecotrophy provides a source of B-complex vitamins, 
vitamin K and microbial protein (Kulwich  et al .   1953  , Hirakawa 
  2001  ). The amount of caecotrophs consumed is influenced by 
diet; all are eaten when food is scarce but, when food is pro-
vided ad libitum, protein and fibre content affect consumption. 
Increased levels of dietary fibre increase consumption and high 
protein levels reduce consumption. Increased dietary fibre con-
tent also reduces the protein and volatile fatty acid content of 
caecotrophs (Carabaño  et al .   1988  ). 
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Crude fibre
(%DM)

4 x 8 rabbits kept in pairs
(neutered, vaccinated)
17 months duration

Rabbit study



Hay only ad lib      HO 29
Extruded (+hay)    EH 19
Muesli (+hay)        MH
Muesli only ad lib  MO 14
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OBJECTIVES: The aim of this study was to assess the effects of four diet regimes (extruded diet with 

ad lib hay, muesli with ad lib hay, ad lib hay only, ad lib muesli only) on bodyweight and body condition 

score in rabbits.

METHODS: Thirty-two Dutch rabbits were studied over 9 months. Bodyweight and body condition score 

were recorded weekly.

RESULTS: All groups gained weight with age, but relative to the ad lib hay only group (mean, 

1·77 ±0·13 kg), after 9 months rabbits in the ad lib muesli only group were 146% heavier 

(2·59 ±0·32 kg); extruded diet with ad lib hay group 125% heavier (2·21 ±0·10 kg); and muesli with 

ad lib hay group 123% heavier (2·18 ±0·13 kg). Median body condition score of the ad lib muesli only 

group was obese (4·5) and was higher than that in both the extruded diet with ad lib hay and muesli 

with ad lib hay (median = 3·5) groups (P<0·001). Both the extruded diet with ad lib hay and muesli 

with ad lib hay groups had above-ideal body condition score despite having bodyweights within the 

breed standard range. The ad lib hay only group had a median body condition score of 3 (ideal). There 

was an overall positive correlation between body condition score and weight (qs = 0·814, P<0·001). 

CLINICAL SIGNIFICANCE: The feeding of muesli without hay should be avoided, to prevent obesity. 

INTRODUCTION

Rabbits are popular pets, with an estimated number of 1 to 
1·7 million in the UK (PDSA 2011, PFMA 2013a). Despite 
their popularity, studies to determine basic dietary requirements 
of pet rabbits have not been carried out, resulting in variable 
dietary recommendations. Nutritional guidelines available for 
rabbits (NRC 1977) are based on research conducted on com-
mercially farmed or laboratory rabbits. Commercially formulated 
diets for pet rabbit consist of traditional muesli-type mixes, or 
monocomponent pellets/extruded nuggets, fed alone or in addi-
tion to grass, hay and/or green vegetables. Muesli-type diets are 
suggested to play a role in many disease processes, including obe-
sity, particularly when fed in the absence of hay or grass (Mullan 
& Main 2006, Meredith 2012, RSPCA 2013). However, there 
have been no controlled studies investigating the effect on health 
of these commonly fed pet rabbit diets.

As in dogs and cats, (Lund et al. 2005, McGreevy et al. 2005, 
Lund et al. 2006), obesity is a concern in pet rabbits with a 
reported prevalence of being overweight or obese ranging from 
7 to 24% (Mullan & Main 2006, Courcier et al. 2012). Obesity 
is defined as abnormal or excessive fat accumulation that may 
impair health (WHO 2012). Pets are generally considered over-
weight at 10 to 20% above-ideal bodyweight and obese if their 
weight exceeds 20% above ideal (Burkholder & Toll 2000). Breed 
standard bodyweights do exist for show rabbits (BRC 2012), but 
determining bodyweight alone may be difficult in obese rabbits 
owing to the lack of standard data for cross-breeds, and differ-
ences in husbandry between show and pet rabbits. Obesity can 
also be determined in terms of body condition score (BCS); in 
rabbits, a score of 5 on a 1- to 5-point scale corresponds with 
obesity (PFMA 2013b; Table 1). The overfeeding of commer-
cially available concentrate diets may play a role in the devel-
opment of obesity in pet rabbits (Meredith 2006), particularly 
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Summary

Diet plays an important role in maintaining rabbit health. Feeding an incorrect diet, particularly a low fibre diet,

has been linked with digestive, dental and urinary tract disease. However, food intake and dietary requirements

have been poorly studied in pet rabbits. This study assessed the effects of two commonly fed pet rabbit diets

[extruded nuggets with hay (EH) and muesli with hay (MH)] alongside hay only (HO) and muesli only (MO) on

food and water intake in 32 Dutch rabbits. Dry matter (DM) intake was greater in the HO group and lower in the

MO group than in the EH and MH groups (p < 0.001). The portion of the diet made of hay was greater in the EH

group than in the MH group (p < 0.001). Water intake was positively correlated with DM intake and was great-

est in the HO group (p < 0.001). Selective feeding occurred in all rabbit groups fed muesli, whether or not hay

was also available. Pellets were rejected, and grains and extrudates selected. The presence of selective feeding in

all rabbits fed muesli leads to the consumption of an unbalanced diet. In addition, hay intake and water intake

were lower when muesli was fed. Conclusions drawn from this study are based on general recommendations for

pet rabbits, and clinical disease may have developed by feeding the study diets over a longer time period, as many

diet-related conditions typically present in older rabbits. However, the study demonstrates that the feeding of

muesli diets cannot be recommended.
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Introduction

The wild rabbit diet is made up predominantly of

grasses (Williams and Wells, 1974), with dicotelydo-

nous plants (e.g. legumes) consumed in higher

amounts when grass availability is low (Bhadresa,

1977). In contrast, concentrate rations (both muesli

mixes and extruded/pelleted nuggets) produced for

domesticated rabbits can be higher in energy (carbo-

hydrates and fats) and lower in fibre (Meredith,

2006). Forage-based diets are commonly recom-

mended for pets (Harcourt-Brown, 2002a; Meredith,

2006; Clauss, 2012) to mimic the diet of wild rabbits;

however, the specific dietary requirements of pet rab-

bits are not fully understood. The feeding of lower

fibre feeds has been implicated in the development of

dental (Crossley, 2003) and digestive disease in pet

rabbits (Bennegadi et al., 2001; Gidenne et al., 2001)

and a higher frequency of abnormal behaviours

(Lidfors, 1997; Berthelsen and Hansen, 1999; Hansen

and Berthelsen, 2000).

Food intake in rabbits has been assessed in farm and

laboratory conditions and is influenced by multiple

factors including fibre levels, digestible energy (DE)

levels, fat levels, amino acid composition and level of

gut fill (Pascual et al., 1999; Gidenne et al., 2000,

2002, 2010; Tome, 2004). Physical composition of the

diet and environmental conditions also affect intake.

Pellets are preferred to meals (ground raw materials;

Harris et al., 1983) and, if fed in a limited quantity,

are consumed rapidly (Lidfors, 1997). Ambient

temperature (Eberhart, 1980; Chiericato et al., 1994;

Cervera et al., 1997), the absence of light (Lebas,

1977) and restricted access to fresh water (Prud’hon

et al., 1975; Cooke, 1982a; Bovera et al., 2013) all

affect food intake.
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead  to  reduced  welfare  through the  development  of poor health,  the inability  to express
normal behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels  and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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    O BJECTIVES   :   To assess the impact of four rabbit diets (hay only, extruded diet with hay, muesli with hay 

and muesli only) on faecal pellet size, faecal output and caecotrophy.  

  MATERIALS AND M ETHODS   :    Thirty-two Dutch rabbits were studied over 17 months. Faecal pellet size and 

weight were measured in weeks 3, 9, 21 and 43 and faecal output in weeks 10, 22 and 45. Number of 

uneaten caecotrophs was recorded weekly.  

  R ESULTS   :   Faecal pellets were consistently smaller and lighter in rabbits fed muesli only, and the size of 

pellets produced by those fed muesli with hay decreased over the course of the study. Faecal output was 

greatest in rabbits with the highest hay intake. Uneaten caecotrophs were found in greatest frequency 

in rabbits fed muesli.  

  C LINICAL  S IGNIFICANCE   :   Muesli diets have a negative effect on faecal output and caecotroph ingestion and 

may therefore predispose to digestive disorders. Higher hay intake is associated with greater faecal 

output and fewer uneaten caecotrophs and may assist in preventing the gastrointestinal stasis.         

   INTRODUCTION 

 While rabbits are popular pets (PDSA   2015  , PFMA   2015  ), stud-
ies to determine their specific nutritional requirements have not 
been conducted. Published nutritional guidelines (NRC   1977  , 
FEDIAF   2013  ) are based on research conducted on laboratory 
and commercially-farmed rabbits. Pet rabbits were tradition-
ally fed muesli-type diets but the number fed in this way has 
decreased, with more being fed hay, pelleted foods and vegetables 
(PDSA   2015  ). Muesli-type diets, especially if fed without hay, 
have been suggested to play a role in a range of diseases includ-
ing gastrointestinal (GI) stasis (Mullan & Main   2006  , Meredith 
  2012  , RSPCA   2013  ), and previous studies have found that they 
are also associated with obesity (Prebble  et al .   2015a  ), dental 
disease (Meredith  et al .   2015  ) and behavioural changes (Prebble 
 et al .   2015b  ). 

 Dietary fibre particles are separated in the proximal colon 
of the rabbit according to their size (Jilge   1982  ), with small 

particles (<0·3 mm) retained in the caecum for microbial fer-
mentation (Gidenne   1993  ) and larger particles passed rapidly 
through the colon to be expelled in faecal pellets. Larger fibre 
particles are necessary to maintain normal caecal-colic motility 
(Cheeke   1994  ). Increasing dietary fibre levels increases the rate 
of passage of ingesta (Hoover & Heitmann   1972  , Fraga  et al . 
  1991  , Gidenne   1992  , Bellier & Gidenne   1996  ) and, conversely, 
fine grinding of fibre results in prolonged retention times and 
reduced food intake (Laplace  et al .   1977  , Fraga  et al .   1991  , 
Gidenne   1992  ).  The caecal contents are expelled once or twice 
in a 24-hour period as mucus-coated caecotrophs, which are 
consumed intact directly from the anus (Madsen   1939  , Taylor 
  1939  ). Caecotrophy provides a source of B-complex vitamins, 
vitamin K and microbial protein (Kulwich  et al .   1953  , Hirakawa 
  2001  ). The amount of caecotrophs consumed is influenced by 
diet; all are eaten when food is scarce but, when food is pro-
vided ad libitum, protein and fibre content affect consumption. 
Increased levels of dietary fibre increase consumption and high 
protein levels reduce consumption. Increased dietary fibre con-
tent also reduces the protein and volatile fatty acid content of 
caecotrophs (Carabaño  et al .   1988  ). 
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Impact of diet on incisor growth 
and attrition and the development 
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OBJECTIVES: To assess the impact of four rabbit diets (hay only; extruded diet with hay; muesli with hay; 

muesli only) on length and curvature of cheek teeth and eruption and attrition rates of incisors.

MATERIALS AND METHODS: Thirty-two Dutch rabbits, randomly divided into four diet groups, had length and 

saggital plane curvature of the first cheek teeth measured radiographically at 1, 9 and 17 months. 

Eruption/attrition of the left upper incisor was directly measured at weeks 30, 32 and 35. 

RESULTS: Eruption rates matched attrition rates in all groups, but were higher in the hay only group than 

in both groups fed muesli. By month 9, a greater degree of tooth curvature was present in rabbits fed 

muesli only than in those fed hay only and extruded diet with hay. After 17 months, rabbits fed muesli 

only and muesli with hay had longer lower first cheek teeth and larger interdental spaces between 

the first two molars than rabbits fed extruded diet and hay and hay only. Three rabbits fed muesli only 

developed evidence of dental disease.

CLINICAL SIGNIFICANCE: Presence of increased tooth length, curvature and interdental spaces indicated 

early dental pathology in rabbits fed muesli. Muesli diets cannot be recommended for pet rabbits.

INTRODUCTION

Despite rabbits being the third most popular mammalian pet in the 
UK (PDSA 2011), their dietary requirements are not fully under-
stood. Diet is frequently implicated in the development of acquired 
dental disease in pet rabbits (Harcourt-Brown 1996, Crossley 2003, 
Meredith 2007, Okuda et al. 2007); however, its exact role in the 
aetiology of dental disease remains unclear. The prevalence of dental 
disease in pet rabbits has been reported to be 29–38·1% (Mullan & 
Main 2006, Jekl et al. 2008), but these reports may underestimate 
the true prevalence as radiography was not performed and early 
cases may have been undetected (Jekl et al. 2008).

Rabbits have continuously growing elodont teeth (Shadle 
1936). The upper incisors erupt at a rate of approximately 2 mm/
week and the lower at 2·4 mm/week (Shadle 1936), and incisor 
eruption rate and length vary widely between individuals (Shadle 
1936, Ness 1956). The growth rates of the cheek teeth ( premolars 

and molars) have been reported to be approximately 3 mm a 
month (Crossley 2005, Meredith 2007, Lord 2012), but more 
recent studies have reported growth rates of 1·4–3·2 mm/week 
(Müller et al. 2014). Tooth length is maintained by the abrasive 
nature of the diet, tooth on tooth action during chewing and 
grinding of the teeth during periods of rest (Shadle 1936,  Crossley 
2005). The functional differences between incisors and cheek 
teeth indicate that different diets affect each type of tooth differ-
ently (Müller et al. 2014). Eruption rates change to match rates 
of attrition (Wolf et al. 1993); taking the incisors out of occlusion 
by shortening them increases eruption rates (up to 0·7 mm/day) 
until the tooth returns to occlusion (Ness 1956). Tooth length, 
wear and growth are also linked to dietary abrasiveness, which 
is caused by the dietary content of both internal (plant phyto-
lith) and external abrasives such as sand (Müller et al. 2014). In 
addition to diet, age and pregnancy may also influence the rate 
of eruption of teeth (Shadle 1936, Ness 1956, Wolf et al. 1993). 
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead to  reduced  welfare  through  the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead to  reduced  welfare  through  the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead to  reduced  welfare  through  the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead to  reduced  welfare  through  the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead to  reduced  welfare  through  the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead  to  reduced  welfare  through the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels  and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of  pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead  to  reduced  welfare  through the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels  and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of  pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead  to  reduced  welfare  through the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels  and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.
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1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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(Mullan and Main, 2006; PDSA, 2011) and a diet consisting largely
of concentrates (mono-component nugget or  muesli mixes) (PDSA,
2011)  which can be consumed rapidly (Lidfors, 1997), with limited
or no access to hay or grass (Mullan and Main, 2006; PDSA, 2011).

Stereotypic behaviours are described as behaviours that are
relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
in laboratory rabbits include excessive grooming, sham chewing
(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
most active (Mykytowycz, 1958).

Whilst not  studied in pet rabbits, the beneficial impact of  pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
vidually housed laboratory rabbits has proved effective at reducing
the expression of abnormal behaviours (Lidfors, 1997; Berthelsen
and Hansen, 1999).

Rabbits can consume pelleted feeds rapidly (Lidfors, 1997) and,
whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
1997). It has been suggested that stereotypies in pigs and broiler
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a  b  s  t  r a  c t

Dietary  composition  and  presentation  impacts on the  behaviour  of animals,  and  failure  to  provide a
suitable  diet can  lead  to  reduced  welfare  through the  development  of poor health,  the inability  to express
normal  behaviours  and the  development  of abnormal  behaviours.  This  study assessed the  effects  of two
commonly  fed  pet  rabbit  diets (extruded nuggets with  hay  (EH) and  muesli  with  hay (MH)) alongside  hay
only  (HO)  and  muesli  only  (MO) on  the  behaviour  of 32 Dutch  rabbits  observed over  17 months.  Increased
time  spent  feeding was observed in the  groups fed  ad libitum hay (HO, EH, MH)  compared  to  the  MO
group  (P <  0.05).  A  corresponding  high  level  of inactivity was observed  in the  MO group  compared  to
rabbits  receiving  hay (P <  0.05).  In  the  groups  provided with  hay a  preference to consume  hay in a  natural
grazing  posture  was  observed.  The higher activity  levels  and  absence  of abnormal behaviours when  hay
was  fed  support  recommendations that  forage should  form  a significant portion  of the  diet for  domestic
rabbits.

© 2015  Elsevier  B.V.  All rights  reserved.

1. Introduction

As herbivores, wild rabbits consume relatively large amounts
of a high fibre diet of low nutritional quality (Williams and Wells,
1974). This requires them to apportion a  large amount of their time
budget to grazing. Rabbits spend 30–70% of time outside the burrow
grazing, pausing occasionally to groom (Mykytowycz, 1958; Myers
and Poole, 1961; Myers and Mykytowycz, 1958; Lockley, 1961).
Time spent eating varies with age, sex and social status within the
group and has also been shown to increase when food availability
falls during drought (Myers and Mykytowycz, 1958; Mykytowycz,
1958). Grazing occurs mainly during late afternoon and through-
out the night and daylight hours are  spent underground in
warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958;
Lockley, 1961, 1962). Caecotrophy is performed while underground
(Southern, 1942). Domestic rabbits kept in  free range condi-
tions exhibit a similar feeding pattern to their wild counterparts
(Vastrade, 1987; Lehmann, 1991). In contrast, many pet rabbits
are housed in  small hutches with limited exercise opportunities
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2011)  which can be consumed rapidly (Lidfors, 1997), with limited
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relatively invariant, regularly repeated and without an obvious
function (Mason, 1991). Stereotypic behaviours reported to  occur
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(chewing with nothing in mouth), bar biting, licking parts of  cage,
digging against cage, biting water nipple, sliding nose against bars,
head pressing and running repeatedly in a  defined pattern (Gunn
and Morton, 1995; Lidfors, 1997). An apathetic state of inactiv-
ity and boredom has also been reported by  Gunn and Morton
(1995). Stereotypic behaviours occur most frequently during the
night (Gunn and Morton, 1995) when rabbits are naturally at their
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Whilst not  studied in pet rabbits, the beneficial impact of  pro-
viding hay to laboratory rabbits has been demonstrated (Lidfors,
1997; Berthelsen and Hansen, 1999). The provision of hay to indi-
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whilst they may  provide adequate nutrition for the maintenance of
the rabbit, foraging behaviour is  limited. If fed in  limited amounts
the rapid consumption of the daily ration may  leave the rabbit in
a state of hunger for a  considerable portion of  the day (Lidfors,
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The choice of the diet impacts the daily behaviour !



Rabbit example

The choice of the diet impacts the daily behaviour !

How long do your rabbits feed per day ?
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Giraffe example

The choice of the diet impacts the daily behaviour !

How long do your giraffes feed per day (and night) ?
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The choice of the diet and the diet presentation impacts
the daily behaviour !



Equid example

The choice of the diet and the diet presentation impacts
the daily behaviour !

How long do your equids feed per day (and night) ?
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The choice of the diet impacts the daily behaviour !



Sloth example

The choice of the diet impacts the daily behaviour !

How long do your sloths sleep per 24 hours ?
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Introduction

European hedgehogs Europaeus erinaceus

Linnaeus, 1758 are small secretive nocturnal

animals that spend the day in well hidden

day-nests. Such characteristics complicate mon-

itoring of the behaviour of free-ranging individu-

als, contributing to poor understanding of certain

aspects of their behavioural ecology. For in-

stance, knowledge of the activity patterns of

hedgehog is still limited in spite of the wide dis-

tribution of hedgehog in Western Europe and

New Zealand. The continuously improving ra-

dio-telemetry technology has, however, made

comprehensive studies of such animals possible,

although the cost of the equipment and the

time-consuming form of the method usually still

limit the number of study animals involved (eg

Morris 1988, Huijser 2000).

[363]

Acta Theriologica 51 (4): 363–371, 2006.
PL ISSN 0001–7051

Habitat use and behaviour of European hedgehog Erinaceus

europaeus in a Danish rural area

Anja B. RIBER

Riber A. B. 2006. Habitat use and behaviour of European hedgehog Erinaceus
europaeus in a Danish rural area. Acta Theriologica 51: 363–371.

Hedgehogs Erinaceus europaeus Linnaeus, 1758 were radio-tagged and
monitored during the summer of 2001 in a Danish rural area with the
objective of quantifying home ranges, nightly distances travelled, habitat use,
activity patterns, day-nesting habits, and body-weight changes of the five
males and five females being recorded. Males had larger home-range sizes and
travelled longer nightly distances than females. The two most common habitat
types within the home ranges of the hedgehogs were deciduous forest and
arable land, whereas the two most frequently used habitat types were
deciduous forest and grassland. No differences between the sexes were found
in the proportions of different habitat types within the home ranges or in
habitat use. Non-random habitat use was found; forested areas and edge habi-
tats seemed preferred to open areas. The most frequently used day-nesting
habitat was deciduous forest. Foraging was by far the most time-consuming
nightly activity for both sexes. Males lost weight during the study period
(May–July), whereas females gained weight. A peak in the frequency of sexual
behaviour was found from late-June to mid-July. The high level of male
ranging activity and the weight loss of males are interpreted as a consequence
of the promiscuous mating system of hedgehogs.

Section of Ethology, Department of Large Animal Sciences, The Royal Veterinary and Agricultural
University, DK-1870, Frederiksberg C, Denmark, e-mail: abrj@kvl.dk

Key words: body weight, day-nesting habits, home range, movements, sexual
behaviour
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Hedgehog feeding activity

moving 1-2 km per night

spending app. 4 h feeding 
(foraging)
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spending app. 4 h feeding 
(foraging)

7-15 “meals” per night

at 100-200 sec / meal

= 22-27 min per night
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THE BEHAVIOUR OF THE HEDGEHOG (ERIXACEUA’ 
EUROPAEUS L.) IN THE ROUTINE OF LIFE IN CAPTIVITY 

BY 

E. J. DIMELOW 

Depcirtment of Zoology, The University, Reding* 
[Accepted 9th October, 19621 

An account is given of the grooming and nest building of the hedgehog. In addition its 

activity while being exercised is described and its behavioural responses to other hedgehogs 

or to human beings. 
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IKTRODUCTIOS 

Some aspects of hedgehog behaviour were observed in detail. They are 
reported here to supplement previous observation (Herter, 1938 ; Lindemann, 

1931) which is incomplete in part though very extensive. 
Remler (1926) observed that hedgehogs make nests under fallen stumps. 

He watched a wild hedgehog collecting leaves one after the other for its nest, 
selecting only dry ones. In  captivity hedgehogs build nests of a variety of 
materials and the procedure involved is usually more complex than that des- 

cribed briefly by Remler. 
Hedgehogs were kept in captivity mainly in order that they might perform 

food preference tests involving the use of terrestrial worms, arthropods, molluscs 

The behaviour of these hedgehogs is described in the routine of their life in 
captivity so that the degree to which their behaviour was influenced by humans 

can be assessed in some measure and the tests viewed in their proper setting. 

It is hoped that these limited observations may have some significance in 
relation to the behaviour of hedgehogs in their natural state. 

HEDGEHOGS UNDER OBSERVATIOR 

Kine hedgehogs (A-1 below) were kept in captivity a t  different times over 
Seven of the hedgehogs (A-G) were caught in the a period of three years. 

*Present address: Department of Biology, Mount Allison University, Sackville, N.B., Canada. 
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Hedgehog example
Food presentation determines activity budget !

What is (or would be) your concept to facilitate imitation
of the natural behaviour for hedgehogs, armadillos etc. ?
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Anteater feeding mode

Behaviour wild zoo

% observations

Foraging - search 54 28
Foraging - dig 3 1
Feeding 7 5
Resting 0 14
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Anteater feeding mode

15 minute 
meals !
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Anteater feeding mode

1-7 minute 
meals !
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Anteater feeding mode

20 second 
meals !
(0-5 min)
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Surprising observations of natural behaviour !



Anteater example

Surprising observations of natural behaviour !

What is (or would be) your concept to facilitate imitation
of the natural behaviour ?
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Cognitive challenges are part of natural life



Primate examples

Cognitive challenges are part of natural life

What is (or would be) your concept to facilitate imitation
of the natural behaviour ?
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Predators do not have guaranteed access to food !



Large carnivore examples

Predators do not have guaranteed access to food !

What is (or would be) your concept to facilitate imitation
of the natural behaviour ?



If you feed your tiger like this …

Contingency plan ?

… you deprive it of 0.5-3 hours of hunt/ chase/ strain/ effort 
every day.

What is your plan to compensate for that ?



If you feed your meerkat like this …

Contingency plan ?

… you deprive it of 3-4 hours of searching effort every day.

What is your plan to compensate for that ?



If you feed your herbivore like this …

Contingency plan ?

… you deprive it of a lot of locomotion and searching effort 
every day.

What is your plan to compensate for that ?



No food should ever just be ‘put there’ 
(in a bowl, on a dish, on the floor)

into an animal’s enclosure.
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No food should ever just be ‘put there’ 
(in a bowl, on a dish, on the floor)

into an animal’s enclosure.

For every food item, you need a plan how 
and when to feed it.

This plan should be visible to everyone 
(keepers, curators, auditors) – and not be at 

anyone’s discretion to put into practice.



Checklist
What is the natural food?

What are the (assumed) requirements? 
What is the natural foraging mode?

What is the natural feeding frequency?

What is the appropriate surrogate food?
What safety feeds do I need? 

What feeding behaviour should be evoked?
How often should food be provided?

How can this be combined with management, education and entertainment aims?





Thank you for your attention


