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11/2/21 Tierschutz, Clauss

Gliederung meines Blockes

– Charakterisierung von Tierarten: natürliche Nahrung und Verhalten
– Verdauungsphysiologie

– Futtermittel
– mit der Fütterung zusammenhängende Probleme

– Heimsäuger ‘Journal Club’
– Reptilien & Ziervögel

– Lösungen für die Haltung und Fütterung von Heimtieren
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Gliederung dieser Einheit

– gesetzliche Grundlagen
– wissenschaftliche Herangehensweise: Literturrecherche

– natürliche Nahrung
– natürliches Verhalten

– Besprechung der Ergebnisse und Probleme
– Kaninchen

– Meerschweinchen & Chinchilla
– Degu

– Landschildkröten

– Wellensittich
– Igel
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beachten?
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Ist

- ein Kaninchen
- ein Meerschweinchen
- ein Wellensittich

- eine Landschildkröte
ein Haustier?
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Warum brauchen Degu und Chinchilla 
kein ‘grob strukturiertes Futter’ ?
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Was muss man bei der Tierhaltung
beachten?

1. Gesetze
2. Verordnungen
3. Empfehlungen
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an die Fütterung von Tieren
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Welche Art von Evidenz lasse ich gelten ?
– Natürliche Nahrung von freilebenden Tieren ?
– Verdauungs-Anatomie und -physiologie ?
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Fütterung in Menschenobhut beinhaltet in der Regel eine Abweichung von der Ernährung im natürlichen 
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Welche Art von Evidenz lasse ich gelten ?
– Natürliche Nahrung von freilebenden Tieren ?
– Verdauungs-Anatomie und -physiologie ?

– Experimentelles oder empirisches Ausloten von Grenzen ?

Fütterung in Menschenobhut beinhaltet in der Regel eine Abweichung von der Ernährung im natürlichen 
Habitat. Wie weit will ich das zulassen?

- soweit, dass es für BesitzerInnen bequem und billig ist (und den freien Markt nicht einschränkt) ?
- soweit es keine nicht rechtfertigbare Belastung hervorruft ?

- so dass die Lebenserwartung nicht eingeschränkt wird ?
- gemäss den Regeln der Tierschutzverordnung für Wildtiere ?
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Daten werden in Publikationen präsentiert.
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Wissens-Anhäufung im Zuge der Naturwissenschaften?

Daten werden in Publikationen präsentiert.
Bei Aussagen, die sich auf diese Daten beziehen, werden die entsprechenden Publikationen zitiert.

Es ist ein Zeichen schlechter wissenschaftlicher Qualität, wenn ein Zitat nicht das liefert, wofür es zitiert wird
… also in der Regel: keine Daten für die Behauptung liefert, für die es zitiert wird.
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Wissens-Anhäufung im Zuge der Naturwissenschaften?

Daten werden in Publikationen präsentiert.
Bei Aussagen, die sich auf diese Daten beziehen, werden die entsprechenden Publikationen zitiert.

Es ist ein Zeichen schlechter wissenschaftlicher Qualität, wenn ein Zitat nicht das liefert, wofür es zitiert wird
… also in der Regel: keine Daten für die Behauptung liefert, für die es zitiert wird.

D.h. man zitiert nicht für eine Behauptung, die irgendwo in der Einleitung oder Diskussion steht, sondern
man zitiert für die Daten, die eine Publikation liefert.
Den Unterschied zu kennen macht gute vs. einen schlampig-schlechte wissenschaftliche Praxis aus.
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Welche Quellen akzeptiere ich ?

Die sogenannte ‘peer-reviewed literature’ – also Publikationen, die in Fachzeitschriften mit
Gutachterprozess erschienen sind …

… wenn darin korrekt gearbeitet wurde.
Es gibt keinen Freibrief, der eigenes Nachdenken überflüssig macht.

Andere Quellen (Bücher ohne Quellenangaben, Webseiten, Erfahrungsberichte) nur mit grosser Vorsicht. 
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SHORT COMMUNICATION

Carcass consumption by domestic rabbits (Oryctolagus cuniculus)

Marcus Clauss1 & Andreas Lischke2 & Heike Botha1 & Jean-Michel Hatt1

Received: 21 September 2015 /Revised: 18 November 2015 /Accepted: 2 December 2015 /Published online: 11 December 2015
# Springer-Verlag Berlin Heidelberg 2015

Abstract Conventional concepts about trophic niches in
mammals are often linked to adaptations of digestive physiol-
ogy, and so carnivory by herbivorous animals is often consid-
ered a physiological impossibility. However, numerous re-
ports on events of carnivory in herbivores without apparent
harmful consequences exist. Here, we report the habitual daily
consumption of animal prey (day-old chicks and rodents) by
two rabbits kept in a mixed-species exhibit with raptors over a
period of 9 months. While not requiring a change of the clas-
sification of rabbits as strict herbivores, anecdotes like this one
suggest that some trophic niches might be better explained by
other factors than digestive physiology, such as ecological
opportunity, behavioural adaptations and biomechanical limits
to ingestion.

Keywords Herbivory . Carnivory . Placentophagy .

Cannibalism . Scavenging . Coprophagy

In a philosophical paper on logical possibility, Seddon (1972)
asks ‘Are carnivorous rabbits possible, anywhere?’ and an-
swers the question with ‘No, this is a theoretical absurdity.’,
giving various reasons such as a herbivore dentition, a digestive
tract not suited to digest meat, and—interestingly—an incom-
patibility of meat eating with the strategy of coprophagy. This

tendency to think in clear, exclusive categories is not only typ-
ical for lay audiences but occurs in natural sciences as well.
Most people would react in disbelief on hearing a story of a
cow or a deer stalking a bird and then subsequently devouring
it, as described repeatedly (Allan 1978; Pietz and Granfors
2000; Nack and Ribic 2005). We prefer to rely on predictable
patterns, and to a certain extent sentimentalized concepts in
regard to animals. Yet observers confronted with an unexpected
aberrant, curious or bizarre behaviour document their observa-
tion in the hope of adding to a growing body of anecdotes that
may, over time, change our concepts of what is normal. For
example, a collection of anecdotal evidence of carnivory in
the common hippopotamus (Hippopotamus amphibius)—typi-
cally considered a strict herbivore—provides an explanation for
the observation that this species is, amongst all herbivores con-
sidered, particularly affected by anthrax epidemics (Dudley
et al. 2015).

Here, we report a case of habitual carnivory in rabbits. The
natural diet of rabbits usually consists of a variety of plants
(e.g. Martins et al. 2002; Martin et al. 2007). Carnivory has
been reported in rabbits under certain conditions.
Placentophagia—the consumption of the afterbirth by the fe-
male that just gave birth—is common in mammals (Kristal
1980), and rabbits are no exception (Sawin and Carry 1953;
Melo and González-Mariscal 2003). Accidental ingestion of
neonates has sporadica l ly been assoc ia ted with
placentophagia (Sawin and Carry 1953), but also ingestion
of deceased neonates, or the deliberate killing and ingestion
of neonates have been reported (González-Redondo and
Zamora-Lozano 2008). Such latter cases differ from incidents
of sheer ‘infanticide’ insofar as not only killing, but also
devouring of the neonate is part of the behaviour (‘cannibal-
ism’; Kristal 2009). Similar observations were reported for
cottontail rabbits (Sylvilagus floridanus) (Smith 1974), and
reviewed as a general strategy in rodents irrespective of their

* Marcus Clauss
mclauss@vetclinics.uzh.ch

1 Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty,
University of Zurich, Winterthurerstr. 260, 8057 Zurich, Switzerland

2 Bird of Prey Sanctuary Berg am Irchel, PanEco, Foundation for
Sustainable Development and Intercultural Exchange, Chileweg 5,
8415 Berg am Irchel, Switzerland

Eur J Wildl Res (2016) 62:143–145
DOI 10.1007/s10344-015-0980-y
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Web-Lexika, z.B. Wikipedia – die Web-Lexika selber sind keine Quelle, 
aber ggf. eine Quellensammlung)
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& so weiter, bis man nichts Neues mehr findet.
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Wissens-Recherche (= Literturrecherche)
Fragestellung:

WAS IST DIE NATÜRLICHE NAHRUNG? WIEVIEL ZEIT WIRD PRO TAG MIT FRESSEN VERBRACHT?

Raum 1 – Bern A-i: Kaninchen (rabbit, Oryctolagus cuniculus)

Raum 2 – Bern J-R: Meerschweinchen und Chinchilla (guinea pig, Cavia spp., Chinchilla lanigera)
Raum 3 – Bern S-Z: Degu (Octodon degus)
Raum 4 – Zürich A-i: Landschildkröten Gattung Testudo

Raum 5 – Zürich J-R: Wellensittich (budgerigar, Melopsittacus undulatus)
Raum 6 – Zürich S-Z: Europäischer Igel (hedgehog, Erinaceus europaeus)
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Page 74

Grasäser Kräuter-, Stauden- und Laubäser

Homolka (1985)*, Böhmen

44% Gräser

Bhdresa (1987)*, England

hauptsächlich Gräser

Hulbert et al. (1996)*, Schottland

hauptsächlich Gräser

Wolfe et al. (1996)*, Küste Irlands

85% Gräser

Marques & Mathias (2001)*, Portugal Marques & Mathias (2001)*, Portugal

Sanddüne: 53% Gräser Buschland: 48% Dicotyledonen

Robley et al. (2001)*, W-Australien Robley et al. (2001)*, W-Australien

Winter: Gräser Sommer: Wurzeln, Blätter, Stauden

*: Analyse des gesammelten Kotes

Kaninchen sind in freier Wildbahn hauptsächlich...
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Grasäser Kräuter-, Stauden- und Laubäser

Martins et al. (2002)*, Portugal

Sommer: 50%, Winter: 42%

Katona et al. (2004)*, Ungarn Katona et al. (2004)*, Ungarn

Frühjahr: 83%; Herbst: 60% Sommer: 75%; Winter: 51%

Alves et al. (2006)*, Portugal Alves et al. (2006)*, Portugal

Buschland, Winter: 60% Buschland, Sommer: 67%

Pinienwald: Sommer: 64%, Winter: 80%

Bonino & Borrelli (2006)*, Argentinien

hauptsächlich Gras

Martin et al. (2007)°, Australien Martin et al. (2007)°, Australien

Weideland, Winter: 70% Weideland, Sommer: 60%

Buschland, Sommer: Gräser, Grassamen: 55% Buschland, Winter: 50% Dicotyledonen

*:Analyse des gesammelten Kotes
°:Analyse des Mageninhaltes

Kaninchen sind in freier Wildbahn hauptsächlich...
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1. Wallage-Drees & Deinum, 1986, Sanddüne an der Küste Hollands: Jahresdurchschnitt in % der TS:
– NDF: 59% 
– Rohfaser*: 29%
– Rohprotein: 20%

2. Thomson & King, 1994, Mitteleuropa: Durchschnitt in % der TS:
Frühjahr:

– NDF*: 53%
– Rohfaser: 25%
– Rohprotein: 20%

Sommer:
– NDF*: 61%
– Rohfaser: 30%
– Rohprotein: 13%

*:Umrechungsformel Rfa ð NDF aus Kamphues et al., 2004
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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

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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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

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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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

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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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

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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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

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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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

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All rights reserved.
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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.
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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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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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Meerschweinchen fressen in freier Wildbahn hauptsächlich Gräser

Rohfaser NDF Rohprotein

Gramineae 30 61 10

Lolium 25 53 16

Cynodon 26 55 10

Guichón & Cassini (1998), Argentinien:

Angaben zu RF, NDF und RP (in % TS) aus: Duke JA., Atchley AA. 1986. CRC Handbook of
proximate analysis tabales of higher plants. CRC Press

Role of diet selection in the use of habitat by pampas cavies
Cavia aperea pamparum (Mammalia, Rodentia)

by M.L. GUICHON and M.H. CASSINI

Universidad National de Lujan, Ruta 5 y 7, 6700 Lujan, Argentina

Summary. - Wild guinea pigs (cavies : Cavia aperea pamparum} are neotropical rodents
that frequently inhabit linear habitats as field margins and roadsides which have a zone of tall
and dense vegetation. Cavies use them for protection from predators, and feed in adjacent open
zones of short vegetation. The aim of this study is to determine the factors that influence the spa-
tial distribution of cavies along these linear habitats. Our hypothesis was that diet preferences for
certain plant species or group of species influenced the use of space by cavies. The study area
was a field margin of 750 m long, sampled in winter and summer. Diet selection was studied by
microhistological analysis of faeces and by field experiments. The composition of the vegetation
was sampled by a punctual interception method and abundance of cavies was estimated by direct
observation of the animals. Cavies preferred Gramineae plants and, in particular, Lolium sp.\ but
animal distribution along the field margin was not related to these plant preferences. Other cha-
racteristics of the feeding sites, e.g. quality of the food with respect to its water content, availabi-
lity of shade, and differential predation risk, could explain the spatial distribution of the animals.
This is the first systematic study of diet and habitat use conducted on cavies, which combines
observational and experimental studies in the field to study the relationship between these two
important aspects of behaviour.

Resume. - Les cobayes sauvages (Cavia aperea pamparum) sont des rongeurs de la region
neoiropicale qui frequentent des habitats lineaires tels que les bords de champs et de routes, pos-
sedant une vegetation haute et dense servant de protection contre les predateurs, et situes ä cöte
de zones plus ouvertes de vegetation basse ou ils s'alimentent. L'objectif de ce travail est de
determiner les facteurs qui influencent la distribution spatiale des cobayes le long de ces ele-
ments lineaires. Nous posons pour hypothese que le choix de certaines especes de plantes ou
groupes d'especes influence l'utilisation de I'espace par les cobayes. La zone d'etude concerne
une bordure de 750 m de long, relevee en hiver et en ete. Les choix alimentaires ont ete etudies
par des analyses coprologiques et par des experiences de terrain. La composition de la vegetation
a ete evaluee par une methode d'interception ponctuelle et l'abondance des cobayes par 1'observa-
tion directe des animaux. Ceux-ci preferent les Graminees et, en particulier, Lolium sp.; cepen-
dant la distribution des individus sur la bordure n'apparait pas correlee a leurs preferences.
D'autres caracteristiques comme la qualite de nourriture en relation avec son contenu en eau, la
disponibilite de l'ombre, et le risque d'attaque, pourraient expliquer la distribution spatiale des
animaux. Ce travail est la premiere etude systematique sur la nourriture et l'utilisation de l'habitat
par les cobayes, et combine des observations et des experiences de terrain pour etudier la relation
entre ces deux aspects de leur eco-ethologie.

Mammalia, t. 62, n° 1, 1998 : 23-35.
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Summary. 1. Positions and behavior of six male and 
eight female guinea pigs kept outside in a 12 x 12 m 2 
pen with a central shelter were recorded over one 
month in 288 scans. Data  were analyzed by statistical 
and by information analysis methods. Two main 
states were distinguished: behavior in the field (' activ- 
ity,' 47%), consisting mainly of feeding (42%); and 
that at the shelter ( 'inactivity,' 53%), consisting 
mainly of resting (46%). Only 2% of the observations 
were of social behavior. Males were about 10% more 
often active than females, apparently as a result of 
being subject to more aggressive acts, especially 
within the resting site. Observations of aggressive in- 
teractions also showed one male dominating all 
others, which were all of equal rank. 

2. The daytime distribution of activity showed two 
peaks at 0600-0700hours and 1800 2000hours. 
Some activity took place during the night. An 18% 
reduction of uncertainty in prediction of an individ- 
ual's activity resulted if the time of day was consid- 
ered, and for group activity (>  5 animals active) the 
reduction was 29%. Activity was socially synch- 
ronized within the group, as was shown experimen- 
tally. The uncertainty of an average individual's activ- 
ity was reduced by 29% if group activity was consid- 
ered. 

3. In the shelter, sexes and individuals showed 
preferences for specific locations. Males kept closer 
to the entrance. Nearest-neighbor frequencies, huddle 
frequencies, and frequencies at which animals were 
inside the shelter at the same time did not differ signi- 
ficantly, but males kept further apart from other ani- 
mals than did females. In the field, no differences 
were found in nearest-neighbor frequencies or 
nearest-neighbor distances. Individuals had preferred 
areas, and the uncertainty of an average animal's loca- 
tion was reduced by 1% if its identity was known. 
Location in the field was affected by time of day, 
knowledge of which reduced the uncertainty of an 
average individual's position by 9%. Group cohesion 

affected the animal's position more strongly, however, 
reducing uncertainty by 16%. Active maintainance 
of proximity during feeding was shown experimen- 
tally. 

Introduction 
The aim of this study is to investigate the degree 
of predictability of the pattern of animal's spatial 
distribution for a group of guinea pigs. This is of 
interest since the choice of location by an individual 
might provide insight into some of the factors re-  
sponsible for this distribution. The analysis of these 
factors is complicated by their variety: there are envi- 
ronmental factors such as the local conditions or time 
of day, and social factors such as sex or individual 
characteristics. The question arises as to what extent 
the positions of the animals can be conceived to be 
determined by these simple influences. Information 
theory is useful in this regard (Shannon and Weaver, 
1964). Hazlett and Estabrook (1974) developed infor- 
mation theory into a procedure which enabled them 
to quantify the influence of several factors on the 
outcome of agonistic behavior sequences. In a similar 
fashion, it is now applied to a problem of spatial 
organization where it provides an estimate of the 
degree of predictability of the animal's position, given 
some simple social or environmental factors. 

Most of the various studies dealing with guinea 
pig behavior investigate behavior patterns of one or 
a few animals in laboratory test situations. The much 
smaller number of authors who were interested in 
the behavior of animals within colonies concentrated 
on qualitative or quantitative descriptions of behavior 
patterns (e.g., Kunkel and Kunkel, 1964; King, 1956; 
Rood, 1972) or tried to clarify separate aspects, e.g., 
dominance relations (Berryman, 1978) or male-female 
associations (Jacobs, 1976). Since the location of an 
animal is a component of behavior crucial to the 
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Summary. 1. Positions and behavior of six male and 
eight female guinea pigs kept outside in a 12 x 12 m 2 
pen with a central shelter were recorded over one 
month in 288 scans. Data  were analyzed by statistical 
and by information analysis methods. Two main 
states were distinguished: behavior in the field (' activ- 
ity,' 47%), consisting mainly of feeding (42%); and 
that at the shelter ( 'inactivity,' 53%), consisting 
mainly of resting (46%). Only 2% of the observations 
were of social behavior. Males were about 10% more 
often active than females, apparently as a result of 
being subject to more aggressive acts, especially 
within the resting site. Observations of aggressive in- 
teractions also showed one male dominating all 
others, which were all of equal rank. 

2. The daytime distribution of activity showed two 
peaks at 0600-0700hours and 1800 2000hours. 
Some activity took place during the night. An 18% 
reduction of uncertainty in prediction of an individ- 
ual's activity resulted if the time of day was consid- 
ered, and for group activity (>  5 animals active) the 
reduction was 29%. Activity was socially synch- 
ronized within the group, as was shown experimen- 
tally. The uncertainty of an average individual's activ- 
ity was reduced by 29% if group activity was consid- 
ered. 

3. In the shelter, sexes and individuals showed 
preferences for specific locations. Males kept closer 
to the entrance. Nearest-neighbor frequencies, huddle 
frequencies, and frequencies at which animals were 
inside the shelter at the same time did not differ signi- 
ficantly, but males kept further apart from other ani- 
mals than did females. In the field, no differences 
were found in nearest-neighbor frequencies or 
nearest-neighbor distances. Individuals had preferred 
areas, and the uncertainty of an average animal's loca- 
tion was reduced by 1% if its identity was known. 
Location in the field was affected by time of day, 
knowledge of which reduced the uncertainty of an 
average individual's position by 9%. Group cohesion 

affected the animal's position more strongly, however, 
reducing uncertainty by 16%. Active maintainance 
of proximity during feeding was shown experimen- 
tally. 

Introduction 
The aim of this study is to investigate the degree 
of predictability of the pattern of animal's spatial 
distribution for a group of guinea pigs. This is of 
interest since the choice of location by an individual 
might provide insight into some of the factors re-  
sponsible for this distribution. The analysis of these 
factors is complicated by their variety: there are envi- 
ronmental factors such as the local conditions or time 
of day, and social factors such as sex or individual 
characteristics. The question arises as to what extent 
the positions of the animals can be conceived to be 
determined by these simple influences. Information 
theory is useful in this regard (Shannon and Weaver, 
1964). Hazlett and Estabrook (1974) developed infor- 
mation theory into a procedure which enabled them 
to quantify the influence of several factors on the 
outcome of agonistic behavior sequences. In a similar 
fashion, it is now applied to a problem of spatial 
organization where it provides an estimate of the 
degree of predictability of the animal's position, given 
some simple social or environmental factors. 

Most of the various studies dealing with guinea 
pig behavior investigate behavior patterns of one or 
a few animals in laboratory test situations. The much 
smaller number of authors who were interested in 
the behavior of animals within colonies concentrated 
on qualitative or quantitative descriptions of behavior 
patterns (e.g., Kunkel and Kunkel, 1964; King, 1956; 
Rood, 1972) or tried to clarify separate aspects, e.g., 
dominance relations (Berryman, 1978) or male-female 
associations (Jacobs, 1976). Since the location of an 
animal is a component of behavior crucial to the 
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Summary. 1. Positions and behavior of six male and 
eight female guinea pigs kept outside in a 12 x 12 m 2 
pen with a central shelter were recorded over one 
month in 288 scans. Data  were analyzed by statistical 
and by information analysis methods. Two main 
states were distinguished: behavior in the field (' activ- 
ity,' 47%), consisting mainly of feeding (42%); and 
that at the shelter ( 'inactivity,' 53%), consisting 
mainly of resting (46%). Only 2% of the observations 
were of social behavior. Males were about 10% more 
often active than females, apparently as a result of 
being subject to more aggressive acts, especially 
within the resting site. Observations of aggressive in- 
teractions also showed one male dominating all 
others, which were all of equal rank. 

2. The daytime distribution of activity showed two 
peaks at 0600-0700hours and 1800 2000hours. 
Some activity took place during the night. An 18% 
reduction of uncertainty in prediction of an individ- 
ual's activity resulted if the time of day was consid- 
ered, and for group activity (>  5 animals active) the 
reduction was 29%. Activity was socially synch- 
ronized within the group, as was shown experimen- 
tally. The uncertainty of an average individual's activ- 
ity was reduced by 29% if group activity was consid- 
ered. 

3. In the shelter, sexes and individuals showed 
preferences for specific locations. Males kept closer 
to the entrance. Nearest-neighbor frequencies, huddle 
frequencies, and frequencies at which animals were 
inside the shelter at the same time did not differ signi- 
ficantly, but males kept further apart from other ani- 
mals than did females. In the field, no differences 
were found in nearest-neighbor frequencies or 
nearest-neighbor distances. Individuals had preferred 
areas, and the uncertainty of an average animal's loca- 
tion was reduced by 1% if its identity was known. 
Location in the field was affected by time of day, 
knowledge of which reduced the uncertainty of an 
average individual's position by 9%. Group cohesion 

affected the animal's position more strongly, however, 
reducing uncertainty by 16%. Active maintainance 
of proximity during feeding was shown experimen- 
tally. 

Introduction 
The aim of this study is to investigate the degree 
of predictability of the pattern of animal's spatial 
distribution for a group of guinea pigs. This is of 
interest since the choice of location by an individual 
might provide insight into some of the factors re-  
sponsible for this distribution. The analysis of these 
factors is complicated by their variety: there are envi- 
ronmental factors such as the local conditions or time 
of day, and social factors such as sex or individual 
characteristics. The question arises as to what extent 
the positions of the animals can be conceived to be 
determined by these simple influences. Information 
theory is useful in this regard (Shannon and Weaver, 
1964). Hazlett and Estabrook (1974) developed infor- 
mation theory into a procedure which enabled them 
to quantify the influence of several factors on the 
outcome of agonistic behavior sequences. In a similar 
fashion, it is now applied to a problem of spatial 
organization where it provides an estimate of the 
degree of predictability of the animal's position, given 
some simple social or environmental factors. 

Most of the various studies dealing with guinea 
pig behavior investigate behavior patterns of one or 
a few animals in laboratory test situations. The much 
smaller number of authors who were interested in 
the behavior of animals within colonies concentrated 
on qualitative or quantitative descriptions of behavior 
patterns (e.g., Kunkel and Kunkel, 1964; King, 1956; 
Rood, 1972) or tried to clarify separate aspects, e.g., 
dominance relations (Berryman, 1978) or male-female 
associations (Jacobs, 1976). Since the location of an 
animal is a component of behavior crucial to the 
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Summary. 1. Positions and behavior of six male and 
eight female guinea pigs kept outside in a 12 x 12 m 2 
pen with a central shelter were recorded over one 
month in 288 scans. Data  were analyzed by statistical 
and by information analysis methods. Two main 
states were distinguished: behavior in the field (' activ- 
ity,' 47%), consisting mainly of feeding (42%); and 
that at the shelter ( 'inactivity,' 53%), consisting 
mainly of resting (46%). Only 2% of the observations 
were of social behavior. Males were about 10% more 
often active than females, apparently as a result of 
being subject to more aggressive acts, especially 
within the resting site. Observations of aggressive in- 
teractions also showed one male dominating all 
others, which were all of equal rank. 

2. The daytime distribution of activity showed two 
peaks at 0600-0700hours and 1800 2000hours. 
Some activity took place during the night. An 18% 
reduction of uncertainty in prediction of an individ- 
ual's activity resulted if the time of day was consid- 
ered, and for group activity (>  5 animals active) the 
reduction was 29%. Activity was socially synch- 
ronized within the group, as was shown experimen- 
tally. The uncertainty of an average individual's activ- 
ity was reduced by 29% if group activity was consid- 
ered. 

3. In the shelter, sexes and individuals showed 
preferences for specific locations. Males kept closer 
to the entrance. Nearest-neighbor frequencies, huddle 
frequencies, and frequencies at which animals were 
inside the shelter at the same time did not differ signi- 
ficantly, but males kept further apart from other ani- 
mals than did females. In the field, no differences 
were found in nearest-neighbor frequencies or 
nearest-neighbor distances. Individuals had preferred 
areas, and the uncertainty of an average animal's loca- 
tion was reduced by 1% if its identity was known. 
Location in the field was affected by time of day, 
knowledge of which reduced the uncertainty of an 
average individual's position by 9%. Group cohesion 

affected the animal's position more strongly, however, 
reducing uncertainty by 16%. Active maintainance 
of proximity during feeding was shown experimen- 
tally. 

Introduction 
The aim of this study is to investigate the degree 
of predictability of the pattern of animal's spatial 
distribution for a group of guinea pigs. This is of 
interest since the choice of location by an individual 
might provide insight into some of the factors re-  
sponsible for this distribution. The analysis of these 
factors is complicated by their variety: there are envi- 
ronmental factors such as the local conditions or time 
of day, and social factors such as sex or individual 
characteristics. The question arises as to what extent 
the positions of the animals can be conceived to be 
determined by these simple influences. Information 
theory is useful in this regard (Shannon and Weaver, 
1964). Hazlett and Estabrook (1974) developed infor- 
mation theory into a procedure which enabled them 
to quantify the influence of several factors on the 
outcome of agonistic behavior sequences. In a similar 
fashion, it is now applied to a problem of spatial 
organization where it provides an estimate of the 
degree of predictability of the animal's position, given 
some simple social or environmental factors. 

Most of the various studies dealing with guinea 
pig behavior investigate behavior patterns of one or 
a few animals in laboratory test situations. The much 
smaller number of authors who were interested in 
the behavior of animals within colonies concentrated 
on qualitative or quantitative descriptions of behavior 
patterns (e.g., Kunkel and Kunkel, 1964; King, 1956; 
Rood, 1972) or tried to clarify separate aspects, e.g., 
dominance relations (Berryman, 1978) or male-female 
associations (Jacobs, 1976). Since the location of an 
animal is a component of behavior crucial to the 
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Jahresdurchschnitt in % der TS:
– NDF: 41% #
– Rohfaser*: 18%
– Rohprotein: 13%

*:Umrechungsformel Rfa ð NDF aus Kamphues et al. (2004)
#:Duke JA., Atchley AA. 1986. CRC Handbook of proximate analysis tabales of higher
plants. CRC Press
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a b s t r a c t

Fur chewing is a behavioral disorder frequently reported in chinchillas kept for fur-farming purposes.
Rodents kept in barren cages usually develop some form of abnormal repetitive behavior, which can
indicate a past or present welfare problem. Fur chewing may not be the only form of abnormal repetitive
behavior present but is the one reported because of its direct repercussion on fur production. The aim
of this study was to describe the frequency of occurrence of fur chewing and the distribution of time
dedicated to it in chinchillas diagnosed as presenting this behavior. A secondary aim was to determine
the presentation of other abnormal repetitive behaviors. Ten chinchillas, 5 fur chewers and 5 controls,
were video recorded for 24 hours with an infrared camera. Behavioral analysis was done with The
Observer XT from Noldus (The Netherlands). Focal sampling and continual recording were used, the 24-
hour time budget was calculated, and abnormal repetitive behaviors were analyzed in terms of time
dedication and frequency of presentation. A paired t test was used to compare differences in the amount
of nocturnal versus daytime abnormal behavior. When normality was not met, a 2-sample t test and
randomization test were used to compare data between treatments. No differences were observed be-
tween the time budgets of fur-chewing and control chinchillas, and all individuals exhibited more than
one abnormal repetitive behavior. The amount of time devoted to abnormal repetitive behaviors was
significantly higher during night in both groups and reached its lowest level between 13:00 and
17:00 hours. Fur chewing is not the only abnormal repetitive behavior developed by chinchillas in fur-
farming systems, although it is the only one reported by the producer. The presence of bar chewing,
cage scratching, and backflipping should also be welfare concerns. The higher presentation of abnormal
repetitive behaviors at night may be associated with the lack of recognition by the producer, especially
because these abnormal behaviors do not result in direct product loss as does fur chewing.

! 2016 Elsevier Inc. All rights reserved.

Introduction

The chinchilla (Chinchilla lanigera) is a hystricomorphic rodent
endemic from the central and northern area of Chile (Cortés et al.,
2002). The fur of chinchillas is one of the most valuable in the
world, and the chinchilla has been domesticated, selected, and bred
for its quality (Grau, 1986). The establishment of intensive chin-
chilla fur-farming systems has led to the development of fur-
chewing or fur-biting behavior, where the chinchilla either

continuously or intermittently chews its own fur from the lumbar
area down to the tail (Ponzio et al., 2007). The chewed areas are
usually covered by short hair and the skin turns darker because of
hyperpigmentation, resembling the distinctive lesions of hyper-
adrenocorticism in dogs (Tisljar et al., 2002). By 1962, it was esti-
mated that 30% of chinchillas in fur-farming systems were affected
by this abnormal behavior (Rees, 1962). Tisljar et al. (2002) reported
an incidence of 15%-20% in Croatia, but more recent studies esti-
mate that between 3% and 15% of chinchillas are affected in Poland
and Chile (Lapinski et al., 2014; Tadich et al., 2013). The etiology of
the behavior is still unknown. Several theories have been postu-
lated among which malnutrition, bacteriologic, mycological, and
parasitological theories have been rejected. Environmental stress
and hyperadrenocorticism remain as possible causes (Ponzio et al.,
2007; Tisljar et al., 2002).
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of this study was to describe the frequency of occurrence of fur chewing and the distribution of time
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for its quality (Grau, 1986). The establishment of intensive chin-
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an incidence of 15%-20% in Croatia, but more recent studies esti-
mate that between 3% and 15% of chinchillas are affected in Poland
and Chile (Lapinski et al., 2014; Tadich et al., 2013). The etiology of
the behavior is still unknown. Several theories have been postu-
lated among which malnutrition, bacteriologic, mycological, and
parasitological theories have been rejected. Environmental stress
and hyperadrenocorticism remain as possible causes (Ponzio et al.,
2007; Tisljar et al., 2002).
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a b s t r a c t

Fur chewing is a behavioral disorder frequently reported in chinchillas kept for fur-farming purposes.
Rodents kept in barren cages usually develop some form of abnormal repetitive behavior, which can
indicate a past or present welfare problem. Fur chewing may not be the only form of abnormal repetitive
behavior present but is the one reported because of its direct repercussion on fur production. The aim
of this study was to describe the frequency of occurrence of fur chewing and the distribution of time
dedicated to it in chinchillas diagnosed as presenting this behavior. A secondary aim was to determine
the presentation of other abnormal repetitive behaviors. Ten chinchillas, 5 fur chewers and 5 controls,
were video recorded for 24 hours with an infrared camera. Behavioral analysis was done with The
Observer XT from Noldus (The Netherlands). Focal sampling and continual recording were used, the 24-
hour time budget was calculated, and abnormal repetitive behaviors were analyzed in terms of time
dedication and frequency of presentation. A paired t test was used to compare differences in the amount
of nocturnal versus daytime abnormal behavior. When normality was not met, a 2-sample t test and
randomization test were used to compare data between treatments. No differences were observed be-
tween the time budgets of fur-chewing and control chinchillas, and all individuals exhibited more than
one abnormal repetitive behavior. The amount of time devoted to abnormal repetitive behaviors was
significantly higher during night in both groups and reached its lowest level between 13:00 and
17:00 hours. Fur chewing is not the only abnormal repetitive behavior developed by chinchillas in fur-
farming systems, although it is the only one reported by the producer. The presence of bar chewing,
cage scratching, and backflipping should also be welfare concerns. The higher presentation of abnormal
repetitive behaviors at night may be associated with the lack of recognition by the producer, especially
because these abnormal behaviors do not result in direct product loss as does fur chewing.

! 2016 Elsevier Inc. All rights reserved.

Introduction

The chinchilla (Chinchilla lanigera) is a hystricomorphic rodent
endemic from the central and northern area of Chile (Cortés et al.,
2002). The fur of chinchillas is one of the most valuable in the
world, and the chinchilla has been domesticated, selected, and bred
for its quality (Grau, 1986). The establishment of intensive chin-
chilla fur-farming systems has led to the development of fur-
chewing or fur-biting behavior, where the chinchilla either

continuously or intermittently chews its own fur from the lumbar
area down to the tail (Ponzio et al., 2007). The chewed areas are
usually covered by short hair and the skin turns darker because of
hyperpigmentation, resembling the distinctive lesions of hyper-
adrenocorticism in dogs (Tisljar et al., 2002). By 1962, it was esti-
mated that 30% of chinchillas in fur-farming systems were affected
by this abnormal behavior (Rees, 1962). Tisljar et al. (2002) reported
an incidence of 15%-20% in Croatia, but more recent studies esti-
mate that between 3% and 15% of chinchillas are affected in Poland
and Chile (Lapinski et al., 2014; Tadich et al., 2013). The etiology of
the behavior is still unknown. Several theories have been postu-
lated among which malnutrition, bacteriologic, mycological, and
parasitological theories have been rejected. Environmental stress
and hyperadrenocorticism remain as possible causes (Ponzio et al.,
2007; Tisljar et al., 2002).
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TROPHIC RELATIONSHIPS AMONG SMALL MAMMALS IN A 
CHILEAN SEMIARID THORN SCRUB COMMUNITY 

PETER L. MESERVE 

ABSTRACT.-The food habits of seven species of small mammals were analyzed for 
a IS-month period during a live-trapping and snap-trapping study in a semiarid thorn 
scrub community in north-central Chile. The species included four cricetids (Akodon 
olivaceus, A. longipilis, Phyllotis darwini, and Oryzomys /ongicaudatus), two cavio-
morphs (Octodon degus and Abrocoma bennetti), and a didelphid (Marmosa elegans), 
The community was characterized by a semiarid mediterranean climate with low win-
ter precipitation and frequent fog fonnation. Dominant physical features included high 
cover of spiny evergreen and drought-deciduous shrubs, low ground cover of herba-
ceous plants, and open sandy areas. Year-round food habit trends indicated three func-
tional trophic guilds and one omnivorous species. A. longipilis and M. elegans were 
insectivorous, O. degus and A. bennetti were herbivorous, P. darwini and O. longi-
caudatus were granivorous, and A. olivaceus was omnivorous. This pattern of trophic 
specialization agrees generally with other studies of various species in the Chilean 
region, and suggests contrasts with patterns in the mediterranean and desert commu-
nities of North America and Argentina. 

The documentation of trophic relationships in animal communities has received 
increased attention with the interest in quantifying niche utilization and overlap in 
potentially competing species. Yet, there are relatively few food habit studies of mul· 
tispecies assemblages of small mammals not only because of the difficulty in identi· 
fying food items in stomach or other material, but also because of the problem of 
obtaining adequate sample sizes, particularly on a year· round basis. Some notable 
exceptions to this dearth of multispecies trophic studies in small mammals include 
Zimmerman (1965), Whitaker (1966), Vaughan (1974), Reichman (1975), Meserve 
(1976), and Holisova and Obrtel (1977). These studies have frequently shown small 
mammals to be relatively omnivorous (Landry, 1970), opportunistic, and varied in 
their diets during the year. Among some broad patterns of trophic specialization that 
have been elucidated are the presence of herbivorous and granivorous feeding guilds 
as well as omnivorous species in California semiarid mediterranean communities 
(Meserve, 1976; Glanz, 1977). The degree to which we can apply such generalizations 
to structurally convergent communities in other parts of the world is largely limited 
by our poor knowledge of their trophic relations. Some recent studies in the Monte 
Desert of Argentina and the Chilean mediterranean zone suggest relatively poor 
trophic similarity between small mammal communities there and those in North 
America (Glanz, 1977; Cody et aI., 1977; Mares et aI., 1977). Specifically, this is due 
to the lack of granivores in the Argentine Monte Desert region (Mares et aI., 1977), 
and the greater number of insectivores and herbivores relative to granivores in the 
Chilean mediterranean region (Glanz, 1977). Because we know little of the trophic 
relationships of the small mammals in South America, particularly on a year-round 
basis, it seems especially important to study additional small mammal communities 
to evaluate the evidence for divergent or convergent patterns. 

This paper reports on the trophic relationships of seven species of small mammals 
in a semiarid thorn scrub community in northern Chile studied over a IS-month pe-
riod. The small mammals here were first studied by Fulk (1975), and subsequent 
papers will deal with niche relationships and population trends. The species studied 
were the following: Akodon olivaceus olivaceus, A. longipilis longipilis, Phyllotis 
darwini darwini, and Oryzomys longicaudatus longicaudatus (family Cricetidae); 
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Seasonal variation in the range areas of the diurnal rodent
Octodon degus
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Both breeding activity and abundance and quality of available food are expected to influence daily movements
of animals. Animals are predicted to range over large areas to meet high energy demands associated with
reproduction (females) or to increase mating success (males). However, animals should expand their range areas
whenever food conditions deteriorate. To examine the extent to which breeding activity versus food availability
influence space use, we compared the size and location of range areas (home ranges) of the degu (Octodon
degus), a diurnal rodent from semiarid environments of north-central Chile, during the austral winter and
summer seasons. Degus produce young during the austral spring (September–October) when high-quality food
is readily available. In contrast, degus do not breed during the austral summer (January–March) when food is
scarce and of low quality. We predicted that degus would range over smaller areas in winter if the availability of
food has a greater influence on space than breeding activity. Individuals were radiotracked in winter and the
following summer over a 3-year period. Surveys of herbaceous cover were conducted during winter and
summer to determine seasonal changes in the abundance and quality of primary food. In summer degus
expanded and moved the location of their range areas to locations with available food. Given that preferred food
was less abundant in summer than winter, we suggest that degu range areas are strongly influenced by food
conditions. DOI: 10.1644/08-MAMM-A-337.1.

Key words: breeding activity, degus, food availability, range size, semiarid environment

E 2010 American Society of Mammalogists

Intraspecific variation in the range areas (home ranges) of
individuals can be caused by numerous extrinsic (e.g., food
abundance and quality) and endogenous (e.g., changes in the
breeding activity and sex of individuals) factors (Burt 1943;
Cooper and Randall 2007; Schradin and Pillay 2006;
Slobodchikoff 1984). Separating the roles played by each of
these factors is challenging. Difficulties arise when 2 or more
factors covary and thus, emerging patterns are equally
consistent with alternative scenarios. For instance, individuals
are expected to range over smaller areas whenever food
conditions and overall habitat productivity are high (Gompper
and Gittleman 1991; Harestad and Bunnell 1979). This
prediction generally has been supported by correlative studies
(Corp et al. 1997; Harris and Leitner 2004; Lurz et al. 2000)
and in food-supplementation studies in small mammals
(Hubbs and Boonstra 1998; Ims 1987; Ostfeld 1986;
Slobodchikoff 1984). An alternative argument is that an
association between small range areas and high abundance of

food is an indirect effect of food on range areas via density of
the consumer (Desy et al. 1990; Taitt 1981; Taitt and Krebs
1981; Wauters and Dhondt 1998). In particular, consumer
density can increase in response to food availability and cause
a density-dependent decrease of range areas. In contrast, high
consumer density also can be the direct consequence of
animals decreasing their range areas in response to favorable
food conditions (Jones 1990; Mares et al. 1982). Under-
standing the link between these factors is inherently difficult.
Field studies may provide evidence of causation whenever the
observed variation in spatial behavior is inconsistent with
some of these hypotheses.

The range areas of individuals are influenced by breeding
activity. Theory predicts that males range over larger areas
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Daily and seasonal limits of time and temperature to activity of degus

Limitaciones diarias y estacionales de tiempo y temperatura sobre la actividad de
degus

G.J. KENAGY1, ROBERTO F. NESPOLO2, RODRIGO A. VÁSQUEZ3  & FRANCISCO BOZINOVIC2

1Department of Zoology and Burke Museum, University of Washington, Seattle, Washington 98195,
U.S.A.; e-mail: kenagy@u.washington.edu
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ABSTRACT

We present an analysis of behavioral flexibility in a day-active caviomorph rodent, the degu, Octodon degus, in response
to temporal (daily and seasonal), spatial, and thermal heterogeneity of its environment. We quantified activity and
foraging behavior in a population, together with thermal conditions, in an open habitat in the seasonally hot and arid
matorral of central Chile. Summer activity was bimodal, with a gap of more than 8 h between the morning bout of 2.5
h of intensive foraging and the afternoon bout of 2 h. More than half of the 4.5 h of summer activity occurred in the shade
of early morning or late afternoon when the sun was below the local skyline. Autumn and spring activity were also
bimodal, but with greater proportions of activity under direct solar radiation, and with a shorter midday gap between
the two major bouts.  Winter activity was unimodal and all occurred under direct solar radiation. In summer, autumn,
and spring the activity of degus was curtailed as our index of operative temperature, Te, moved above 40 ºC. We used
a single measurement of Te (measured in a thermal mannequin representing degu size, shape and surface properties)
as an index of the interactive effects of solar radiation and convection on body temperature. At the winter solstice (June),
when degus remained fully exposed to solar radiation throughout the day, Te generally remained below 30 ºC. Flexibility
in the timing of surface activity allows degus to maintain thermal homeostasis and energy balance throughout the year.
Degus shift the times of daily onset and end of activity and the number of major bouts (unimodal or bimodal) over the
course of the year. They remain active on the surface under a much narrower range or “window” of thermal conditions
than those that occur over the entire broad range of the day and year.

Key words: Chile, foraging, Octodon degus, seasonality, thermal ecology.

RESUMEN

Presentamos un análisis de la flexibilidad conductual en la actividad diaria del degu (Octodon degus), un roedor
caviomorfo, en respuesta a la heterogeneidad del ambiente temporal (diario y estacional), espacial y térmico. Junto con
las condiciones térmicas, cuantificamos la conducta de actividad y forrajeo en una población que vive en un hábitat
abierto en el matorral árido y estacional de Chile central. La actividad de verano fue bimodal, con 2,5 h de actividad
de forrajeo intenso durante la mañana y con 2 h durante la tarde. No hubo actividad por mas de 8 h entre ambos eventos.
Más de la mitad de las 4,5 h diarias de actividad de la mañana y de la tarde ocurrieron en la sombra, cuando el sol se
encuentra bajo la línea local del cielo. La actividad durante el otoño y la primavera también fue bimodal pero con una
mayor proporción de actividad bajo radiación solar directa y con un período de inactividad menor entre los dos eventos
principales. La actividad de invierno fue unimodal y bajo radiación solar directa. En verano, otoño y primavera la
actividad estuvo sesgada cuando nuestro índice de temperatura operativa, Te, superó los 40 °C. Usamos una medida de
Te (registrada en un maniquí térmico que representa las propiedades de forma, tamaño y superficie de un degu) como
un índice de los efectos interactivos de la radiación solar y la convección sobre la temperatura corporal. Durante el
solsticio de invierno (junio), cuando los degus permanecieron todo el día totalmente expuestos al sol, Te generalmente
permaneció bajo 30 °C. La flexibilidad en el tiempo de la actividad superficial le permitió a los degus mantener su
homeostasis térmica y balance de energía anual. Los degus cambiaron sus períodos de inicio y término así como el
número de eventos de actividad (unimodal o bimodal) durante el año. Estos roedores permanecieron activos en la
superficie bajo un rango mucho más estrecho de condiciones térmicas que las que ocurren durante el largo del día y año.

Palabras clave: Chile, forrajeo, Octodon degus, estacionalidad, ecología térmica.
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número de eventos de actividad (unimodal o bimodal) durante el año. Estos roedores permanecieron activos en la
superficie bajo un rango mucho más estrecho de condiciones térmicas que las que ocurren durante el largo del día y año.
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ABSTRACT

We present an analysis of behavioral flexibility in a day-active caviomorph rodent, the degu, Octodon degus, in response
to temporal (daily and seasonal), spatial, and thermal heterogeneity of its environment. We quantified activity and
foraging behavior in a population, together with thermal conditions, in an open habitat in the seasonally hot and arid
matorral of central Chile. Summer activity was bimodal, with a gap of more than 8 h between the morning bout of 2.5
h of intensive foraging and the afternoon bout of 2 h. More than half of the 4.5 h of summer activity occurred in the shade
of early morning or late afternoon when the sun was below the local skyline. Autumn and spring activity were also
bimodal, but with greater proportions of activity under direct solar radiation, and with a shorter midday gap between
the two major bouts.  Winter activity was unimodal and all occurred under direct solar radiation. In summer, autumn,
and spring the activity of degus was curtailed as our index of operative temperature, Te, moved above 40 ºC. We used
a single measurement of Te (measured in a thermal mannequin representing degu size, shape and surface properties)
as an index of the interactive effects of solar radiation and convection on body temperature. At the winter solstice (June),
when degus remained fully exposed to solar radiation throughout the day, Te generally remained below 30 ºC. Flexibility
in the timing of surface activity allows degus to maintain thermal homeostasis and energy balance throughout the year.
Degus shift the times of daily onset and end of activity and the number of major bouts (unimodal or bimodal) over the
course of the year. They remain active on the surface under a much narrower range or “window” of thermal conditions
than those that occur over the entire broad range of the day and year.

Key words: Chile, foraging, Octodon degus, seasonality, thermal ecology.

RESUMEN

Presentamos un análisis de la flexibilidad conductual en la actividad diaria del degu (Octodon degus), un roedor
caviomorfo, en respuesta a la heterogeneidad del ambiente temporal (diario y estacional), espacial y térmico. Junto con
las condiciones térmicas, cuantificamos la conducta de actividad y forrajeo en una población que vive en un hábitat
abierto en el matorral árido y estacional de Chile central. La actividad de verano fue bimodal, con 2,5 h de actividad
de forrajeo intenso durante la mañana y con 2 h durante la tarde. No hubo actividad por mas de 8 h entre ambos eventos.
Más de la mitad de las 4,5 h diarias de actividad de la mañana y de la tarde ocurrieron en la sombra, cuando el sol se
encuentra bajo la línea local del cielo. La actividad durante el otoño y la primavera también fue bimodal pero con una
mayor proporción de actividad bajo radiación solar directa y con un período de inactividad menor entre los dos eventos
principales. La actividad de invierno fue unimodal y bajo radiación solar directa. En verano, otoño y primavera la
actividad estuvo sesgada cuando nuestro índice de temperatura operativa, Te, superó los 40 °C. Usamos una medida de
Te (registrada en un maniquí térmico que representa las propiedades de forma, tamaño y superficie de un degu) como
un índice de los efectos interactivos de la radiación solar y la convección sobre la temperatura corporal. Durante el
solsticio de invierno (junio), cuando los degus permanecieron todo el día totalmente expuestos al sol, Te generalmente
permaneció bajo 30 °C. La flexibilidad en el tiempo de la actividad superficial le permitió a los degus mantener su
homeostasis térmica y balance de energía anual. Los degus cambiaron sus períodos de inicio y término así como el
número de eventos de actividad (unimodal o bimodal) durante el año. Estos roedores permanecieron activos en la
superficie bajo un rango mucho más estrecho de condiciones térmicas que las que ocurren durante el largo del día y año.
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ABSTRACT

We present an analysis of behavioral flexibility in a day-active caviomorph rodent, the degu, Octodon degus, in response
to temporal (daily and seasonal), spatial, and thermal heterogeneity of its environment. We quantified activity and
foraging behavior in a population, together with thermal conditions, in an open habitat in the seasonally hot and arid
matorral of central Chile. Summer activity was bimodal, with a gap of more than 8 h between the morning bout of 2.5
h of intensive foraging and the afternoon bout of 2 h. More than half of the 4.5 h of summer activity occurred in the shade
of early morning or late afternoon when the sun was below the local skyline. Autumn and spring activity were also
bimodal, but with greater proportions of activity under direct solar radiation, and with a shorter midday gap between
the two major bouts.  Winter activity was unimodal and all occurred under direct solar radiation. In summer, autumn,
and spring the activity of degus was curtailed as our index of operative temperature, Te, moved above 40 ºC. We used
a single measurement of Te (measured in a thermal mannequin representing degu size, shape and surface properties)
as an index of the interactive effects of solar radiation and convection on body temperature. At the winter solstice (June),
when degus remained fully exposed to solar radiation throughout the day, Te generally remained below 30 ºC. Flexibility
in the timing of surface activity allows degus to maintain thermal homeostasis and energy balance throughout the year.
Degus shift the times of daily onset and end of activity and the number of major bouts (unimodal or bimodal) over the
course of the year. They remain active on the surface under a much narrower range or “window” of thermal conditions
than those that occur over the entire broad range of the day and year.
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RESUMEN

Presentamos un análisis de la flexibilidad conductual en la actividad diaria del degu (Octodon degus), un roedor
caviomorfo, en respuesta a la heterogeneidad del ambiente temporal (diario y estacional), espacial y térmico. Junto con
las condiciones térmicas, cuantificamos la conducta de actividad y forrajeo en una población que vive en un hábitat
abierto en el matorral árido y estacional de Chile central. La actividad de verano fue bimodal, con 2,5 h de actividad
de forrajeo intenso durante la mañana y con 2 h durante la tarde. No hubo actividad por mas de 8 h entre ambos eventos.
Más de la mitad de las 4,5 h diarias de actividad de la mañana y de la tarde ocurrieron en la sombra, cuando el sol se
encuentra bajo la línea local del cielo. La actividad durante el otoño y la primavera también fue bimodal pero con una
mayor proporción de actividad bajo radiación solar directa y con un período de inactividad menor entre los dos eventos
principales. La actividad de invierno fue unimodal y bajo radiación solar directa. En verano, otoño y primavera la
actividad estuvo sesgada cuando nuestro índice de temperatura operativa, Te, superó los 40 °C. Usamos una medida de
Te (registrada en un maniquí térmico que representa las propiedades de forma, tamaño y superficie de un degu) como
un índice de los efectos interactivos de la radiación solar y la convección sobre la temperatura corporal. Durante el
solsticio de invierno (junio), cuando los degus permanecieron todo el día totalmente expuestos al sol, Te generalmente
permaneció bajo 30 °C. La flexibilidad en el tiempo de la actividad superficial le permitió a los degus mantener su
homeostasis térmica y balance de energía anual. Los degus cambiaron sus períodos de inicio y término así como el
número de eventos de actividad (unimodal o bimodal) durante el año. Estos roedores permanecieron activos en la
superficie bajo un rango mucho más estrecho de condiciones térmicas que las que ocurren durante el largo del día y año.
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Nutrition andBehavior of Degus(Octodon degus )
Mark S. Edwards, PhD

DESCRIPTION
Three extant species in the genus Octodon are each commonly described as degus.1

Octodon degus (degu or trumpet-tailed rat) is a caviomorph rodent inhabiting subtrop-
ical to temperate savanna and scrub environments of the western slopes of northern
and central Chile.1–4 Octodon degus are semifossorial, diurnal, and live in colonial or
familial groups of 5 to 10 animals.2,5

Considered an agricultural pest in some regions of its natural range,2 O. degus
adapts well to most laboratory conditions for research on reproduction, diabetes mel-
litus, and cataract development.1,4 Objective information regarding husbandry, nutri-
tion, and behavior, generated from their documented care under controlled research
conditions, can be applied to care of degus kept as companion animals or in other
managed environments.

Gastrointestinal Tract

Ocotdon degus are herbivorous, with microbial fermentation of ingesta occurring in
a large, haustrated cecum after gastric and autoenzymatic digestion. Other species
with similar adaptations for postgastric fermentation of digesta by symbiotic microor-
ganisms include guinea pigs (Cavia porcellus), hamsters (Mesocricetus auratus), and
voles (Microtus townsendii).6

The species dental formula is i 1/1, c 0/0, p 1/1, m 3/3, total 5 20.7 Incisor enamel is
pale orange.3 Premolars and molars, which are flat-crowned and hypsodont, have
deeply infolded margins in the mid-region resembling a figure-eight, thus leading to
the family and genus name.1,3,7 Continually growing teeth are maintained in proper
condition by chewing various substrates, including fibrous foods, nontoxic wood,

Comparative Animal Nutrition, Animal Science Department, California Polytechnic State
University, 1 Grand Avenue, 010-0147, San Luis Obispo, CA 93407-0255, USA
E-mail address: msedward@calpoly.edu

KEYWORDS
! Octodon degus ! Degu ! Nutrition ! Diet
! Behavior ! Management

Vet Clin Exot Anim 12 (2009) 237–253
doi:10.1016/j.cvex.2009.01.003 vetexotic.theclinics.com
1094-9194/09/$ – see front matter ª 2009 Published by Elsevier Inc.
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Universidad Católica de Chile, Santiago, Chile

Accepted 7/8/98

ABSTRACT

Animals must match their foraging and digestion to seasonal
changes in availability and quality of food. When these param-
eters decline, the animal’s performance limits for extracting
energy and nutrients may be challenged. In the laboratory, we
investigated daily patterns of food processing on a low-quality
(high-fiber) diet of alfalfa in an herbivorous, day-active rodent,
the degu (Octodon degus), which inhabits semiarid central
Chile. We manipulated timing of food availability, from con-
tinuous availability down to as little as 5 h/d. Degus maintained
weight while digesting only 53% of dry-matter consumption.
With food continuously available in a metabolic cage, the an-
imals ate more food and deposited about twice as much feces
in the day as at night. Continuous 24-h behavioral observation
revealed that degus were actually defecating at the same rate
both night and day but then ingesting most of the feces they
produced at night. Further experimental treatments challenged
animals with limited periods of food availability that matched
natural foraging patterns. With either 11 h of daytime food
availability or only 5 h (in morning and afternoon periods of
2.5 h each), degus consumed as much food as those with 24-
h food availability. Continuous 24-h behavioral observations
revealed in the 11-h group that nearly all feces produced at
night were reingested and nearly none were reingested in the
day, whereas the 5-h group resorted to further coprophagy
during the 6-h midday interval with no food. Despite these
differences in timing of food intake and coprophagy in response

*E-mail: kenagy@u.washington.edu.
†E-mail: cveloso@genes.bio.puc.cl.
‡E-mail: fbozinovic@genes.bio.puc.cl.

Physiological and Biochemical Zoology 72 (1):78–86. 1999. ! 1999 by The
University of Chicago. All rights reserved. 1522-2152/99/7201-9806$03.00

to the three experimental treatments, the degus were defecating
at the same rate both night and day, which indicated a constant
rate of output from the colon. This suggests a range of ad-
justments of digestive physiology to the timing of gut function
by balancing coprophagy with ingestion of food. Overall, 38%
of 24-h feces production was reingested, and 87% of this cop-
rophagy occurred at night. The ingestion of feces during parts
of the day when food is unavailable provides for continued
intake into the digestive tract and appears to represent an in-
crease in overall efficiency of gut use.

Introduction

On a daily basis, animals search for and ingest food in discrete
blocks of time that vary minute by minute, hour by hour, and
from day to night. The basic structural and functional design
of an organism, its behavior, and its environment determine
the limits on what food can be obtained and ingested and when.
Although the input of food into the digestive tract is typically
periodic, it is clear that some aspects of gut function, partic-
ularly in endotherms, are likely to be operating more or less
continuously day and night. Optimal timing and efficiency of
digestion are, therefore, dependent on a balance among be-
havioral strategies, ecology, and the physiology of the digestive
tract.

Herbivorous rodents are interesting among small mammals
because of their high rates of food intake and use of foods that
are abundant but low in quality (Vorontsov 1962). As “hindgut
fermenters,” these rodents rely on microbial fermentation in
the cecum and subsequent reingestion of feces (coprophagy)
to enhance the extraction and absorption of nutrients in their
diets (Kenagy and Hoyt 1980; Stevens and Hume 1995). Just
as the ingestion of food is limited to discrete times of day and
organized rhythmic bouts (Aschoff et al. 1983), coprophagy in
rodents is rhythmic and complementary to feeding, apparently
being employed mainly during the rest phase of the 24-h cycle
(Kenagy and Hoyt 1980). Although few data are available that
address the optimization of gut use in small herbivorous mam-
mals that are hindgut fermenters (Sibly 1981; Stevens and
Hume 1995), theoretical analyses have suggested that the use
of coprophagy provides energetic and nutritional benefits for
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ABSTRACT

Animals must match their foraging and digestion to seasonal
changes in availability and quality of food. When these param-
eters decline, the animal’s performance limits for extracting
energy and nutrients may be challenged. In the laboratory, we
investigated daily patterns of food processing on a low-quality
(high-fiber) diet of alfalfa in an herbivorous, day-active rodent,
the degu (Octodon degus), which inhabits semiarid central
Chile. We manipulated timing of food availability, from con-
tinuous availability down to as little as 5 h/d. Degus maintained
weight while digesting only 53% of dry-matter consumption.
With food continuously available in a metabolic cage, the an-
imals ate more food and deposited about twice as much feces
in the day as at night. Continuous 24-h behavioral observation
revealed that degus were actually defecating at the same rate
both night and day but then ingesting most of the feces they
produced at night. Further experimental treatments challenged
animals with limited periods of food availability that matched
natural foraging patterns. With either 11 h of daytime food
availability or only 5 h (in morning and afternoon periods of
2.5 h each), degus consumed as much food as those with 24-
h food availability. Continuous 24-h behavioral observations
revealed in the 11-h group that nearly all feces produced at
night were reingested and nearly none were reingested in the
day, whereas the 5-h group resorted to further coprophagy
during the 6-h midday interval with no food. Despite these
differences in timing of food intake and coprophagy in response
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to the three experimental treatments, the degus were defecating
at the same rate both night and day, which indicated a constant
rate of output from the colon. This suggests a range of ad-
justments of digestive physiology to the timing of gut function
by balancing coprophagy with ingestion of food. Overall, 38%
of 24-h feces production was reingested, and 87% of this cop-
rophagy occurred at night. The ingestion of feces during parts
of the day when food is unavailable provides for continued
intake into the digestive tract and appears to represent an in-
crease in overall efficiency of gut use.

Introduction

On a daily basis, animals search for and ingest food in discrete
blocks of time that vary minute by minute, hour by hour, and
from day to night. The basic structural and functional design
of an organism, its behavior, and its environment determine
the limits on what food can be obtained and ingested and when.
Although the input of food into the digestive tract is typically
periodic, it is clear that some aspects of gut function, partic-
ularly in endotherms, are likely to be operating more or less
continuously day and night. Optimal timing and efficiency of
digestion are, therefore, dependent on a balance among be-
havioral strategies, ecology, and the physiology of the digestive
tract.

Herbivorous rodents are interesting among small mammals
because of their high rates of food intake and use of foods that
are abundant but low in quality (Vorontsov 1962). As “hindgut
fermenters,” these rodents rely on microbial fermentation in
the cecum and subsequent reingestion of feces (coprophagy)
to enhance the extraction and absorption of nutrients in their
diets (Kenagy and Hoyt 1980; Stevens and Hume 1995). Just
as the ingestion of food is limited to discrete times of day and
organized rhythmic bouts (Aschoff et al. 1983), coprophagy in
rodents is rhythmic and complementary to feeding, apparently
being employed mainly during the rest phase of the 24-h cycle
(Kenagy and Hoyt 1980). Although few data are available that
address the optimization of gut use in small herbivorous mam-
mals that are hindgut fermenters (Sibly 1981; Stevens and
Hume 1995), theoretical analyses have suggested that the use
of coprophagy provides energetic and nutritional benefits for
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ABSTRACT

Animals must match their foraging and digestion to seasonal
changes in availability and quality of food. When these param-
eters decline, the animal’s performance limits for extracting
energy and nutrients may be challenged. In the laboratory, we
investigated daily patterns of food processing on a low-quality
(high-fiber) diet of alfalfa in an herbivorous, day-active rodent,
the degu (Octodon degus), which inhabits semiarid central
Chile. We manipulated timing of food availability, from con-
tinuous availability down to as little as 5 h/d. Degus maintained
weight while digesting only 53% of dry-matter consumption.
With food continuously available in a metabolic cage, the an-
imals ate more food and deposited about twice as much feces
in the day as at night. Continuous 24-h behavioral observation
revealed that degus were actually defecating at the same rate
both night and day but then ingesting most of the feces they
produced at night. Further experimental treatments challenged
animals with limited periods of food availability that matched
natural foraging patterns. With either 11 h of daytime food
availability or only 5 h (in morning and afternoon periods of
2.5 h each), degus consumed as much food as those with 24-
h food availability. Continuous 24-h behavioral observations
revealed in the 11-h group that nearly all feces produced at
night were reingested and nearly none were reingested in the
day, whereas the 5-h group resorted to further coprophagy
during the 6-h midday interval with no food. Despite these
differences in timing of food intake and coprophagy in response
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to the three experimental treatments, the degus were defecating
at the same rate both night and day, which indicated a constant
rate of output from the colon. This suggests a range of ad-
justments of digestive physiology to the timing of gut function
by balancing coprophagy with ingestion of food. Overall, 38%
of 24-h feces production was reingested, and 87% of this cop-
rophagy occurred at night. The ingestion of feces during parts
of the day when food is unavailable provides for continued
intake into the digestive tract and appears to represent an in-
crease in overall efficiency of gut use.

Introduction

On a daily basis, animals search for and ingest food in discrete
blocks of time that vary minute by minute, hour by hour, and
from day to night. The basic structural and functional design
of an organism, its behavior, and its environment determine
the limits on what food can be obtained and ingested and when.
Although the input of food into the digestive tract is typically
periodic, it is clear that some aspects of gut function, partic-
ularly in endotherms, are likely to be operating more or less
continuously day and night. Optimal timing and efficiency of
digestion are, therefore, dependent on a balance among be-
havioral strategies, ecology, and the physiology of the digestive
tract.

Herbivorous rodents are interesting among small mammals
because of their high rates of food intake and use of foods that
are abundant but low in quality (Vorontsov 1962). As “hindgut
fermenters,” these rodents rely on microbial fermentation in
the cecum and subsequent reingestion of feces (coprophagy)
to enhance the extraction and absorption of nutrients in their
diets (Kenagy and Hoyt 1980; Stevens and Hume 1995). Just
as the ingestion of food is limited to discrete times of day and
organized rhythmic bouts (Aschoff et al. 1983), coprophagy in
rodents is rhythmic and complementary to feeding, apparently
being employed mainly during the rest phase of the 24-h cycle
(Kenagy and Hoyt 1980). Although few data are available that
address the optimization of gut use in small herbivorous mam-
mals that are hindgut fermenters (Sibly 1981; Stevens and
Hume 1995), theoretical analyses have suggested that the use
of coprophagy provides energetic and nutritional benefits for
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ABSTRACT

Animals must match their foraging and digestion to seasonal
changes in availability and quality of food. When these param-
eters decline, the animal’s performance limits for extracting
energy and nutrients may be challenged. In the laboratory, we
investigated daily patterns of food processing on a low-quality
(high-fiber) diet of alfalfa in an herbivorous, day-active rodent,
the degu (Octodon degus), which inhabits semiarid central
Chile. We manipulated timing of food availability, from con-
tinuous availability down to as little as 5 h/d. Degus maintained
weight while digesting only 53% of dry-matter consumption.
With food continuously available in a metabolic cage, the an-
imals ate more food and deposited about twice as much feces
in the day as at night. Continuous 24-h behavioral observation
revealed that degus were actually defecating at the same rate
both night and day but then ingesting most of the feces they
produced at night. Further experimental treatments challenged
animals with limited periods of food availability that matched
natural foraging patterns. With either 11 h of daytime food
availability or only 5 h (in morning and afternoon periods of
2.5 h each), degus consumed as much food as those with 24-
h food availability. Continuous 24-h behavioral observations
revealed in the 11-h group that nearly all feces produced at
night were reingested and nearly none were reingested in the
day, whereas the 5-h group resorted to further coprophagy
during the 6-h midday interval with no food. Despite these
differences in timing of food intake and coprophagy in response
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to the three experimental treatments, the degus were defecating
at the same rate both night and day, which indicated a constant
rate of output from the colon. This suggests a range of ad-
justments of digestive physiology to the timing of gut function
by balancing coprophagy with ingestion of food. Overall, 38%
of 24-h feces production was reingested, and 87% of this cop-
rophagy occurred at night. The ingestion of feces during parts
of the day when food is unavailable provides for continued
intake into the digestive tract and appears to represent an in-
crease in overall efficiency of gut use.

Introduction

On a daily basis, animals search for and ingest food in discrete
blocks of time that vary minute by minute, hour by hour, and
from day to night. The basic structural and functional design
of an organism, its behavior, and its environment determine
the limits on what food can be obtained and ingested and when.
Although the input of food into the digestive tract is typically
periodic, it is clear that some aspects of gut function, partic-
ularly in endotherms, are likely to be operating more or less
continuously day and night. Optimal timing and efficiency of
digestion are, therefore, dependent on a balance among be-
havioral strategies, ecology, and the physiology of the digestive
tract.

Herbivorous rodents are interesting among small mammals
because of their high rates of food intake and use of foods that
are abundant but low in quality (Vorontsov 1962). As “hindgut
fermenters,” these rodents rely on microbial fermentation in
the cecum and subsequent reingestion of feces (coprophagy)
to enhance the extraction and absorption of nutrients in their
diets (Kenagy and Hoyt 1980; Stevens and Hume 1995). Just
as the ingestion of food is limited to discrete times of day and
organized rhythmic bouts (Aschoff et al. 1983), coprophagy in
rodents is rhythmic and complementary to feeding, apparently
being employed mainly during the rest phase of the 24-h cycle
(Kenagy and Hoyt 1980). Although few data are available that
address the optimization of gut use in small herbivorous mam-
mals that are hindgut fermenters (Sibly 1981; Stevens and
Hume 1995), theoretical analyses have suggested that the use
of coprophagy provides energetic and nutritional benefits for

re-ingested faecestotal faeces
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Locomotor and feeding activity rhythms in a
light-entrained diurnal rodent, Octodon degus

R. GARCÍA-ALLEGUE,1 P. LAX,1 A. M. MADARIAGA,2 AND J. A. MADRID1

1Department of Physiology and Pharmacology (Animal Physiology Unit), University of Murcia,
30100 Murcia; and 2Animalario University of Alicante, 03080 Alicante, Spain

Garcı́a-Allegue, R., P. Lax,A. M. Madariaga, and J.A.
Madrid. Locomotor and feeding activity rhythms in a light-
entrained diurnal rodent, Octodon degus. Am. J. Physiol. 277
(Regulatory Integrative Comp. Physiol. 46): R523–R531,
1999.—The wheel running (WR) and feeding activity (FA) of
Octodon degus, a new laboratory rodent characterized by its
diurnal habits, were recorded under different lighting condi-
tions. Under 12:12-h light-dark (LD 12:12) cycles, WR activity
exhibited a crepuscular pattern with two peaks, M and E,
associated with ‘‘dawn’’ and ‘‘dusk,’’ respectively. In both
cases, an anticipatory activity was patent, suggesting that,
beside the masking effect of LD transitions, both peaks have
an endogenous origin. This pattern, which was also observed
under a skeleton photoperiod (LD 0.5:11.5), became unimodal
after LD 0.5:23.5 and constant darkness (DD) exposure.
Simultaneously, FA showed an arrhythmic pattern in most
animals, especially under DD, when none of the animals
exhibited a significant circadian rhythm. The existence of two
groups of oscillators, or two oscillators, would explain most
properties of the WR rhythms noted in this species. Our
results show that the degu’s temporal feeding strategy seems
mainly arrhythmic, whereas its WR pattern is driven by a
strongly circadian bimodal rhythm.

degu; entrainment; crepuscular; skeleton photoperiod; circa-
dian

OCTODON DEGUS, COMMONLY called degu, a South Ameri-
can hystricomorph rodent, has become an increasingly
popular experimental animal in recent years. Degus
live in central Chile and are found from sea level to
!2,000 meters (for more data, see Refs. 3 and 8). Its
way of life is terrestrial and fossorial, and it displays a
very elaborate social behavior (5, 6).

From a chronobiological point of view, the degu is of
great interest. Field and laboratory studies have shown
that they are active during the day throughout the
year, with their activity pattern characterized by two
main peaks of activity in the morning and late after-
noon (3, 15). Degus were more active immediately
before lights-off and the 2 h before lights-on, anticipat-
ing the illumination changes. Sleep periods were mainly
confined to the nocturnal period, with aminimal amount
of sleep during lights-on (4). In accordance with its
diurnal behavior, its temperature acrophase occurred
at the end of the light period, in close association to the
second activity peak (4, 14).

Most animal chronobiological studies on the chrono-
pharmacology, behavior, and physiology of the circa-

dian system have been developed in nocturnal rodents
such as rat, hamster, or mouse. The degu’s diurnalism,
a rare characteristic among rodents, as well as some
features of its circadian rhythms, such as the variabil-
ity of individual rhythms, the presence of different
morning-evening chronotypes, and the dramatic bimo-
dal pattern in its circadian locomotor rhythm, make the
degu a model of special interest in chronobiology (10).
Although the multioscillatory nature of the circadian
system is an old issue, the assumption that the mamma-
lian circadian system could be based on the degree of
intercommunication of several neural oscillators with
different intrinsic frequencies and varying capacities
for light synchronization remains open (2). The bimodal-
ity of the degu’s locomotor rhythms is a useful model for
obtaining further evidence to support the above-
mentioned hypothesis.

To date, only circadian rhythms of locomotor activity,
body temperature, and sleep have been studied (4–6, 9,
10, 12, 14, 15), our study being the first attempt to
study feeding and wheel running activity rhythms (FA
and WR, respectively) simultaneously in degus kept
under laboratory conditions.

The aim of the present experiment was to describe
the synchronization of FA and WR rhythms to different
light-dark (LD) cycles to characterize the endogenous
nature of the two main peaks of activity, described in
the above studies. For this, the degu’s FA and WR, two
exclusive variables, were continuously recorded under
complete and skeleton photoperiods and constant dark-
ness (DD).

MATERIAL AND METHODS

Animals and housing. Ten male Octodon degus (10 mo old
at the beginning of the experiments) reared in a laboratory
colony at the University of Alicante were used in the study.At
the beginning of the experimental period, the animals were
individually housed in a modified Plexiglas cage (52.5 !
27.5 ! 15 cm), which allowed the recording of FA and WR.
Cages were placed in a light-tight and temperature-con-
trolled chamber with continuous ventilation (200–300 lx
during lights-on, a temperature of 23 " 1°C, and 60 " 20%
relative humidity). Dim red light (intensity #0.5 lx) was
present all the time for nocturnal manipulations. A pelleted
rat diet (Panlab) and water cups were available ad libitum.
The cages were cleaned, and the food and water were refilled
every 10 days at random times of the day to prevent synchro-
nization.

Apparatus. All cages were provided with a contact eatom-
eter and a wheel for feeding and locomotor registration. The
eatometer has been described in detail elsewhere (11). Briefly,
it consisted of a stainless steel grid with a swinging grid
mounted inside that had to be activated by the animal to eat,
thus allowing the recording of FA. The axis of the wheel (9-cm
wide and 25-cm diameter) was provided with an eccentric

The costs of publication of this article were defrayed in part by the
payment of page charges. The article must therefore be hereby
marked ‘‘advertisement’’ in accordance with 18 U.S.C. Section 1734
solely to indicate this fact.
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NOTES ON THE ACTIVITY, REPRODUCTION, AND SOCIAL 
BEHAVIOR OF OCTODON DEGUS 

GEORGE W. FULK 

ABSTRACT.-Data on activity and social behavior of the Chilean degu, Octodon 
degus, were gathered by direct observation of animals, some of which had been 
marked for individual recognition. Data from autopsies and external inspection of 
trapped animals suggested that most reproduction occurs in September at the 
latitude of Santiago. Degus are diurnal and show morning and evening activity 
peaks. Social organization is based on group territories, at least during the period 
after emergence of the young. Mound building (collecting a pile of sticks, stones, 
and cow dung) was associated with territorial marking. Females of the same 
social group may rear their young in a common nest burrow. Octodon degus 
burrows are sometimes used by Abrocoma bennetti, a similar sized rodent, and 
on two occasions nest burrows were found to be shared by young and mothers 
of both species. 

Octodon degus is a common rodent in central Chile and one of the most 
economically important. In some areas it is an agricultural pest. Degus do 
considerable damage to cultivated tuna, the edible fruit of the prickly pear 
cactus; Ipinza et aZ. (1971) reported that degus are known to damage wheat 
fields, vineyards, and orchards. Pefaur et aZ. (1968) reviewed the parasit-
ological literature and reported that O. degus can host three species of 
parasites known to infect man. In the United States, this hystricomorph is 
becoming widely used in medical laboratories (Woods and Boraker, 1975). 

Despite the importance and abundance of O. degus, information on its 
natural history is almost completely lacking. Woods and Boraker ( 1975) 
provided a complete review of the literature on the species. In this paper 
I report observations made on a natural population of O. degus. 

METHODS 

This study was carried out at the experiment station of the School of Agronomy of the 
University of Chile at Rinconada de Maipu (70 0 50'W, 33°31'S) near Santiago. The 
vegetation was a mixture of grasses and shrubs and was greatly influenced by cattle 
grazing. The dominant woody plants were Acacia caven and Proustia cuneifolia. Olivares 
and Casto (1971) described secondary plant succession at this site and the influence of 
Octodon degus on the herbaceous strata. Climatic data were given in Fulk (1975). 

Reproductive data were gathered by autopsy of kill-trapped animals and by inspection 
of live-trapped animals. 

Activity was monitored by making frequent 15-minute observations during the daylight 
hours for one day each month for six consecutive months beginning in May 1973. The 
number of animals seen in a delineated area around an elevated observation blind was 
considered a measure of activity. Between observations, air temperature in the shade 5 
centimeters above the ground, sunlight intensity, and relative humidity were recorded. 

Information on social behavior was gathered by observing a nearby colony of degus 
from a similar blind. Before the start of observations, animals were live trapped, examined 
for reproductive condition, weighed, marked for individual recognition by hair clipping, 
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Inter-Population Variation in Hoarding Behaviour in Degus,
Octodon degus
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Introduction

One of the most effective methods to assess the

adaptive value of phenotypes has been the quantifi-

cation of trait variation through comparisons

between populations occurring in contrasting ecolog-

ical conditions (Endler 1986; Foster & Endler 1999).

Species inhabiting large geographical areas covering

various habitat types must cope with diverse ecologi-

cal conditions, with large environmental differences

across their range (see e.g. Oswald 1998; Foster &

Endler 1999; D’Anatro & Lessa 2006; Ferguson &

Higdon 2006; Wingfield et al. 2007). Each popula-

tion may experience selective pressures different

from those experienced in populations elsewhere,

resulting in differences in phenotypic traits (e.g.
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Abstract

Although foraging comprises a set of behaviours that typically vary with

resource availability and ⁄ or climatic conditions, few studies have analy-

sed how foraging, particularly food hoarding, varies across populations

inhabiting different habitats. We carried out an inter-population study

on foraging behaviour with the caviomorph rodent Octodon degus col-

lected from two geographically separated populations in central Chile,

with contrasting climates. One population was located in a mountainous

zone (at 2600 m elevation) characterized by a high-altitude climate. The

other population was from a low-altitude Mediterranean climate zone

(450 m elevation). Under laboratory conditions, we measured popula-

tion-specific differences in food consumption and hoarding by recording

food utilization. We also assessed whether acclimation played a role in

behavioural differences, by using two different sets of animals that had

been in captivity for (1) 2 wk or (2) 6 mo, under common conditions.

The results showed variation in food hoarding between populations.

Individuals from the low-altitude population exclusively displayed scat-

ter hoarding behaviour. In contrast, high-altitude animals carried out

larder hoarding combined with scatter hoarding (37.4% and 62.6%

respectively). There was no intra-population variation between degus

with different acclimation periods under captivity, thus inter-population

differences in larder hoarding were maintained despite 6 mo of acclima-

tion to a common environment. The geographic variation observed sug-

gests that larder hoarding is favoured under harsher environmental

conditions. We discuss some probable causes for this variation. The lack

of effect of acclimation suggests that inter-population differences in lar-

der hoarding might be the result of local adaptation or, less likely, it

corresponds to an ontogenetically acquired irreversible behaviour.

Ethology

Ethology 115 (2009) 465–474 ª 2009 Blackwell Verlag GmbH 465
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Pflanzenmaterial ~ 97 %

Invertebraten ~  3 %
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Abstract:  

Nikolić, M., Savić, D., Ilić, M., Stojadinović, D., Crnobrnja-Isailović, J.: A note on scavenging behaviour 
of adult Hermann’s tortoise (Testudo hermanni). Biologica Nyssana, 7 (1), September 2016: 53-55. 

Report of the first observation of scavenging behaviour in the population of Testudo hermanni boettgeri that 
has been monitored for six years in the village Kunovica near the city of Niš in Serbia. On 31 May 2015 at 
10:18 a.m., the adult tortoise was observed while eating a dead European green lizard (Lacerta viridis). 

Key words: Testudo hermanni, diet, scavenging behavior, Serbia 

 
Apstrakt: 

Nikolić, M., Savić, D., Ilić, M., Stojadinović, D., Crnobrnja-Isailović, J.: Beleška o strvinarskom 
ponašanju kod adulta šumske kornjače (Testudo hermanni). Biologica Nyssana, 7 (1), Septembar 2016: 53-
55. 

Beleška o prvom zapažanju strvinarskog ponašanja u populaciji šumske kornjače Testudo hermanni boettgeri, 
čiji monitoring se sprovodi već šest godina u selu Kunovica, u blizini grada Niša u Srbiji. Adultna kornjača je 
uočena prilikom hranjenja lešinom zelembaća (Lacerta viridis) 31. Maja 2015. u 10:18. 

Key words: Testudo hermanni, ishrana, strvinarsko ponašanje, Srbija 

  
Introduction 
 
Testudinidae is the family of terrestrial chelonians 
(i.e. tortoises) which are, apart from a few species of 
lizards, the only terrestrial ectothermic vertebrates 
with generalized herbivorous or omnivorous feeding 
habits (D e l  V e c c h i o  et al., 2011). L u i s e l l i  
(2006) reviewed general dietary habits of 50 species 
from the family Testudinidae and 15 species from the 

families Geoemydidae and Emydidae. Of those, 
about 66% of terrestrial chelonians were exclusively 
herbivorous, 33% were omnivorous, and only one 
species (Terrapene carolina) was predominantly 
carnivorous. Herbivory in tortoises is not obligatory, 
as many species also feed on different food that 
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Abstract. 0e wild diet of Testudo graeca ibera in Dobrogea, Romania is investigated 
by direct observation. A clear predominance (over 95%) of plant matter is noticed, 
with 25 plant species consumed. Moreover the ingestion of animal matter (carrion) as 
well as calcareous earth was observed.

Keywords. Testudo graeca, alimentation, long term observations

0e Spur-thighed Tortoise, Testudo graeca, including its eastern subspecies, T. g. ibera, 
is well known as a terrarium companion and also as a protected species. 0us, numerous 
recommendation for the captive diet of T. graeca are available, and also data showing it as 
a generalist vegetarian that also takes occasional small quantities of animal food, i.e. inver-
tebrates and carrion (Buskirk et al., 2001). 0ere are, however, few data about the feeding 
habits of the wild T. graeca ibera populations in the Balkans and Romania (beyond gen-
eral data such as those of, e.g., Fuhn and Vancea, 1961). 0ere is greater knowledge on the 
populations in Spain (e.g. Cobo and Andreu, 1988; Andreu et al., 2000; Díaz-Paniagua and 
Andreu, 2009), the Caucasus (Bannikov et al., 1977) or North Africa (El Mouden et al., 
2006; Rouag et al., 2008). 0e similar species T. hermanni is also better known, especially 
as regards the Western populations (e.g. Nougarède, 1998; Soler et al., 2007; Mazzotti et al., 
2007; Muñoz et al., 2009; Budó et al., 2009). Greater knowledge on the type of food con-
sumed is an addittive value for the conservation policies concerning this vulnerable species. 
0is knowledge allows to adjust the care of captive bred populations to the natural condi-
tion of the species (cf. Willemsen et al., 2002) and to manage wild populations.

0e natural diet of Testudo spp. can be investigated into by two methods: direct 
observation (e.g. Lagarde et al., 2003) and/or the analysis of faecal matter (e.g. Cobo 
and Andreu, 1988; El Mouden et al., 2006, Díaz-Paniagua and Andreu, 2009; Munoz et 
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Annahme 12 h-Zeitraum: 14 min Fressen / Tag*
*2 % von 12 = 0.24 h = 14 min 
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ECOGRAPHY 26: 236–242, 2003

Foraging behaviour and diet of an ectothermic herbivore: Testudo
horsfieldi

Frédéric Lagarde, Xavier Bonnet, Johanna Corbin, Brian Henen, Ken Nagy, Baktjior Mardonov and
Guy Naulleau

Lagarde, F., Bonnet, X., Corbin, J., Henen, B., Nagy, K., Mardonov, B. and
Naulleau, G. 2003. Foraging behaviour and diet of an ectothermic herbivore: Testudo
horsfieldi. – Ecography 26: 236–242.

Herbivorous vertebrates of arid regions are frequently faced with inadequate food
quality, quantity or both. The time and energy devoted to foraging is vital to
balancing their energy budgets. For desert ectotherms, a low metabolism should be
advantageous, reducing their total energy requirement, but extreme ambient temper-
atures can strongly constrain these animals’ activity periods. We provide the first data
on the activity budgets, foraging behaviour and diet of a highly abundant, desert-
dwelling, herbivorous ectotherm, the steppe tortoise Testudo horsfieldi. Extreme
climatic conditions of Central Asia limit steppe tortoise’s activity to only three
months per year. They remain inactive most of their ‘‘active season’’ (90%), and
spend very little time foraging (!15 min per day). This suggests that steppe tortoises
can satisfy their energy requirements with modest feeding efforts. Interestingly, steppe
tortoises avoid feeding on grass species and feed mostly on plant species that are
usually highly toxic to mammals. This result suggests that steppe tortoises and
ungulates do not compete for food.

F. Lagarde (lagarde@cebc.cnrs.fr), X. Bonnet, J. Corbin and G. Naulleau, Centre
d’Etudes Biologiques de Chizé-CNRS, F-79360 Villiers en Bois, France. – B. Henen,
Dept of Zoology, Biodi!ersity and Conser!ation Biology, Uni!. of Western Cape,
Bel!ille 7535, South Africa. – K. Nagy, Dept of Organismic Biology, Ecology and
E!olution, 621 Young South Dri!e, Uni!. of California, Los Angeles, CA 90095-1606,
USA. – B. Mardono!, Samarkand Di!. of the Academy of Sciences, 40 Djisakskaya
St., Samarkand, 703032, Uzbekistan.

An appreciation of the feeding ecology of a wide di-
versity of species is central to understanding the gen-
eral processes of resource acquisition and allocation.
Biologists debate the degree of influence of ectother-
mic and endothermic physiology upon the marked di-
vergence seen in their feeding ecologies. Compared to
endotherms, ectotherms are characterised by low
metabolic rates, low energy requirements, and low
food intakes (Pough 1980, Nagy 1983, Karasov et al.
1986, Zimmerman and Tracy 1989). These traits may
represent pre-adaptations (or exaptations, Bradshaw
1997) in ecosystems (e.g., deserts) where food short-
ages occur frequently and may confer ecological ad-

vantages to ectotherms. These features enable
ectotherms to have high densities (i.e., individuals per
area), high biomasses and production values (Nagy
1983, Bradshaw 1986), relative to comparable-sized
endotherms. Conversely, ectotherm sensitivity to envi-
ronmental conditions, particularly ambient tempera-
ture, strongly constrains the periods when ectotherms
can be active (Hutchison 1979, Peterson et al. 1993).
Typically, the periods favourable for activity are
greatly reduced in desert-dwelling animals that are
subject to extremely harsh climatic conditions. Strict
time-activity budgets can help organisms to satisfy the
demands of growth, reproduction and maintenance

Accepted 8 July 2002

Copyright © ECOGRAPHY 2003
ISSN 0906-7590

ECOGRAPHY 26:2 (2003)236
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versity of species is central to understanding the gen-
eral processes of resource acquisition and allocation.
Biologists debate the degree of influence of ectother-
mic and endothermic physiology upon the marked di-
vergence seen in their feeding ecologies. Compared to
endotherms, ectotherms are characterised by low
metabolic rates, low energy requirements, and low
food intakes (Pough 1980, Nagy 1983, Karasov et al.
1986, Zimmerman and Tracy 1989). These traits may
represent pre-adaptations (or exaptations, Bradshaw
1997) in ecosystems (e.g., deserts) where food short-
ages occur frequently and may confer ecological ad-

vantages to ectotherms. These features enable
ectotherms to have high densities (i.e., individuals per
area), high biomasses and production values (Nagy
1983, Bradshaw 1986), relative to comparable-sized
endotherms. Conversely, ectotherm sensitivity to envi-
ronmental conditions, particularly ambient tempera-
ture, strongly constrains the periods when ectotherms
can be active (Hutchison 1979, Peterson et al. 1993).
Typically, the periods favourable for activity are
greatly reduced in desert-dwelling animals that are
subject to extremely harsh climatic conditions. Strict
time-activity budgets can help organisms to satisfy the
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reine Samen-Fresser

keine Angaben zur Nährstoff-
Zusammensetzung
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Distanz Nistplatz – Fressplatz > 1 km

2 Fress-Perioden (Vormittag / Nachmittag)

Fressen am Boden und an Gras-Stengeln
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Struck & Meyer (1998)

Insekten
46%

Würmer
43%

Schnecken 
4%

Wirbeltiere
2% Pflanzen 4% Zusammensetzung

Bäckereierzeugnisse, Getreide, Nüsse 
(6% Erdnuss), Öle und Fette (3% 
Lebertran, 3% Sonnenblumenöl, 2% 
Sojaöl), Weich- und Krebstiere (5% 
Garnelen, 3% Krebse), Früchte (5% 
Rosinen), Zucker, Fleisch und tierische 
Nebenerzeugnisse (3% Trockenfleisch), 
Mineralstoffe, 1% Bienenhonig, Gemüse, 
Insekten (0,75% Fliegen), pflanzliche 
Eiweißextrakte, Fisch- und 
Nebenerzeugnisse, Hefen, konserviert 
mit EWG – Zusatzstoffen
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Industrielles Igelfutter – 
für Igel geeignet?

Futtermischungen auf dem Prüfstand

Monika Neumeier | Carsten Schiller
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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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1-2 km / Nacht zurückgelegt

dabei ca. 4 h mit Fressen verbracht
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zwischen 7 und 15 “Mahlzeiten” pro Nacht
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zwischen 7 und 15 “Mahlzeiten” pro Nacht

mit einer Dauer von 100-200 Sekunden
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zwischen 7 und 15 “Mahlzeiten” pro Nacht

mit einer Dauer von 100-200 Sekunden

ergibt 22-27 Minuten pro Nacht 
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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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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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Die Fütterung ist ein wesentlicher Faktor, um das Verhaltensbudget eines
Tieres einzustellen.
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Die Fütterung ist ein wesentlicher Faktor, um das Verhaltensbudget eines
Tieres einzustellen.

Fütterung nur als Erfüllung physiologischen Bedarfs an Nährstoffen und 
Energie zu betrachten, ist eine Herangehensweise, die (noch nicht einmal) 
in der Nutztierhaltung adäquat ist.
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Die Fütterung ist ein wesentlicher Faktor, um das Verhaltensbudget eines
Tieres einzustellen.

Fütterung nur als Erfüllung physiologischen Bedarfs an Nährstoffen und 
Energie zu betrachten, ist eine Herangehensweise, die (noch nicht einmal) 
in der Nutztierhaltung adäquat ist.

Es braucht einen Katalog von Angaben, wieviel Zeit pro Tag ein Individuum 
einer Tierart mit der Futteraufnahme (und mit anderen Tätigkeiten) 
verbringen sollte.
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