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Moaning and nagging

Observations on (not 
only comparative 
nutrition) science

Overview

A very restricted outlook

Thoughts on fascinating 
possibilities in applied 
and basic comparative 
nutrition science





The knowledge universe:
a story of constant expansion
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(Good) Literature Research
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PhD Topic
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PhD Topic

what do you 
think waits here ?
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PhD Topic

what would be 
the most un-
inspired way to 
describe this 
point?



... but no information exists on x ...

... but x has not been studied so far ...

The most likely explanation for the fact that something 
has not been studied yet is that it is not very interesting.

Why study something ?

find another reason to justify your work !
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New knowledge
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PhD Qualification
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Keep pushing !
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… but don‘t forget the big picture



The knowledge universe:
a story of constant expansion



The knowledge universe:
a story of constant expansion ?

a story of accumulation of nonsense ?
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The real Knowledge Universe



The view that

scientific texts are edifices built on previous science

may well be obsolete.

It has become impossible to follow new publications even in limited 
areas of research, and the speed of method development (e.g. in 

molecular analyses) means data produced today are not 
comparable to data produced 4 years ago …

Science is changing from …

… an edifice that builds on previous achievements 

… to a conversation and a huge amount of misinformation.



Devaluing science



Not everything needs a citation





Integrity
a language of superlatives
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Truth, when unadorned, is adorned the 
most.

The intrinsic appeal of science is not that you 
can become famous with it, or earn your 

living, but that it describes reality with 
precision.
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if you really believe this, let the language show it

















Integrity
an obsession with being first

(what is the only valid test whether 
something is true ? if someone else does 

the same and gets the same result)
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Integrity
justifying your work



storytellers engineers
applied sciences

& preparing basic research
patents, solutions, products, 

procedures
medicine, pharmacists, 

engineers, architects, 
agriculturists, lawyers, 

conservationists

historians of all scales: history 
of mankind, all life, the 
universe
explainers of all scales:
function of atoms, concepts, 
organs, organisms, 
ecosystems, the universe

Conceptualizing science: two types

this is not a distinction between humanities/arts and natural sciences



storytellers engineers
applied sciences

& preparing basic research
patents, solutions, products, 

procedures
medicine, pharmacists, 

engineers, architects, 
agriculturists, lawyers, 

conservationists

historians of all scales: history 
of mankind, all life, the 
universe
explainers of all scales:
function of atoms, concepts, 
organs, organisms, 
ecosystems, the universe

funding (and 
justification) for this 
... ... by claiming this

Conceptualizing science: two types
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Integrity
blatantly insulting the readerships’ 

intelligence
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Integrity
language matters



XYZ is a unique species …

… XYZ is vital for our understanding of …

Our study provides new insights into …

This study is the first to …

Sentences I would like to read less often







Integrity
what do journal choices reveal ?
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The real Knowledge Universe



Craving for rules



If an animal's teeth are such as they must be, in order for it to nourish itself with flesh, we 
can be sure without further examination that the whole system of its digestive organs is 
appropriate for that kind of food, and that its whole skeleton and locomotive organs, 
and even its sense organs, are arranged in such a way as to make it skilful at pursuing 
and catching its prey. For these relations are the necessary conditions of existence of 
the animal; if things were not so, it would not be able to subsist. (Cuvier)

Principle of the correlation of parts





Principle of the correlation of parts

If an animal's teeth are such as they must be, in order for it to nourish itself with flesh, we 
can be sure without further examination that the whole system of its digestive organs is 
appropriate for that kind of food, and that its whole skeleton and locomotive organs, 
and even its sense organs, are arranged in such a way as to make it skllful at pursuing 
and catching its prey. For these relations are the necessary conditions of existence of 
the animal; if things were not so, it would not be able to subsist. (Cuvier)





Duque-Correa et al. (2021), Hoppe et al. (2021), Duque-Correa et al. (2022) 

✔ ✘ ✘

Form-function convergence ?



The scaling of mammalian retention time
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The scaling of mammalian retention time



Predator-prey mass scaling



Using incoherent arguments

larger animals have higher absolute
requirements (in joules (per day))

Metabolism scales to body mass0.75

larger animals have lower ‘mass-specific’ 
requirements (in joules per kg (per day))

all animals have the same requirements 
(in joules per kg0.75 (per day))

larger animals need 
higher-quality food

larger animals can 
stand lower-quality food

animal size has nothing 
to do with food quality

Clauss et al. (2013), Clauss (2019)



Investigaating
patterns I:

generation



anatomy, digestive physiology (gut fill, retention time, digestive efficiency, 
intake)Broad patterns:
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a lot done for mammals, yet seemingly 
less for …

… birds
… reptiles

… fish

…invertebrates
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all of this is interesting, but …

… not crucial for conservation or 
husbandry
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Trusting datasets
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Trusting databases

- reference libraries to derive identification and function from molecular 
data

- reference libraries on natural diets
Ecology, 95(7), 2014, p. 2027
! 2014 by the Ecological Society of America

EltonTraits 1.0: Species-level foraging attributes of the world’s birds
and mammals

Ecological Archives E095-178

HAMISH WILMAN,1 JONATHAN BELMAKER,1,2 JENNIFER SIMPSON,1,3 CAROLINA DE LA ROSA,1 MARCELO M. RIVADENEIRA,4

AND WALTER JETZ1,5,6

1Ecology and Evolutionary Biology Department, Yale University, 165 Prospect Street, New Haven, Connecticut 06511 USA
2Department of Zoology, George S. Wise Faculty of Life Sciences, Tel Aviv University, Tel Aviv 69978 Israel
3Scientific Technologies Corporation, 4400 East Broadway Boulevard Suite 705, Tucson, Arizona 85711 USA

4Centro de Estudios Avanzados en Zonas Aridas (CEAZA) and Universidad Católica del Norte, Av. Ossandón 877,
C.P. 178168, Coquimbo, Chile

5Imperial College London, Silwood Park Campus, Buckhurst Road, SL5 7PY Ascot, Berkshire, United Kingdom

Abstract. Species are characterized by physiological, behavioral, and ecological attributes
that are all subject to varying evolutionary and ecological constraints and jointly determine
species’ role and function in ecosystems. Attributes such as diet, foraging strata, foraging time,
and body size, in particular, characterize a large portion of the ‘‘Eltonian’’ niches of species.
Here we present a global species-level compilation of these key attributes for all 9993 and 5400
extant bird and mammal species derived from key literature sources. Global handbooks and
monographs allowed the consistent sourcing of attributes for most species. For diet and
foraging stratum we followed a defined protocol to translate the verbal descriptions into
standardized, semiquantitative information about relative importance of different categories.
Together with body size (continuous) and activity time (categorical) this enables a much finer
distinction of species’ foraging ecology than typical categorical guild assignments allow.
Attributes lacking information for specific species are flagged, and interpolated values based
on taxonomy are provided instead. The presented data set is limited by, among others, these
select cases missing observed data, by errors and uncertainty in the expert assessment as
presented in the literature, and by the lack of intraspecific information. However, the
standardized and transparent nature and complete global coverage of the data set should
support an array of potential studies in biogeography, community ecology, macroevolution,
global change biology, and conservation. Potential uses include comparative work involving
these traits as focal or secondary variables, ecological research on the trait or trophic structure
of communities, or conservation science concerned with the loss of function among species or
in ecosystems in a changing world. We hope that this publication will spur the sharing,
collaborative curation, and extension of data to the benefit of a more integrative, rigorous, and
global biodiversity science.

Key words: bird; body size; diet; eco-informatics; foraging; function; mammal; mass; niche; stratum;
traits; vertebrate.

Manuscript received 13 October 2013; revised 17 March 2014; accepted 21 March 2014. Corresponding Editor: W. K. Michener.
6 Corresponding author: walter.jetz@yale.edu

The complete data sets corresponding to abstracts published in the Data Papers section of the journal are published
electronically in Ecological Archives at http://esapubs.org/archive (the accession number for each Data Paper is given
directly beneath the title).
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R = 0.56
(R2 = 0.31)

R = 0.25
(R2 = 0.06)



Investigaating
patterns II:

interpretation



Two ways of being a creationist



What separates a creationist from an evolutionist?

Not so much the agency 
(the old man with the white beard)

but the narrative of the adaptation
(‘perfect’ vs. ‘adequate at the time’)



Saying that you either invest more into reproduction (live fast, 
produce many offspring at a time) or more into maintenance 
(live slower, produce less offspring at a time but over a longer 
period) …

… is like saying that with a given amount of fuel, you either 
transport a certain load a certain distance, or a higher load a 
shorter distance.

ignoring the possibility that someone might 
develop a more efficient engine

The trade-off fallacy





Saying that you either invest more into reproduction (live fast, 
produce many offspring at a time) or more into maintenance 
(live slower, produce less offspring at a time but over a longer 
period) …

… is like saying that if you want to have more meat on your 
chicken, you have to feed it more food for a longer period of 
time.

ignoring the possibility that someone might breed 
an animal that grows faster on less food

The trade-off fallacy





Saying that you either invest more into reproduction (live fast, 
produce many offspring at a time) or more into maintenance 
(live slower, produce less offspring at a time but over a longer 
period) …

… is like saying you do not believe that evolution can find new 
solutions.

The trade-off fallacy
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Why would you consider 
this a pattern due to fixed 
life history tradeoff laws, 
and not rather a snapshot 
in a process of 
optimization?

You would not consider 
the overall pattern a fixed 
law, but consider it with 
respect to technical 
progress. 
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The future of comparative nutrition?

Contributions to husbandry and animal
welfare



Possible contributions to husbandry and welfare

- freely shareable, reasonable dataset on nutrient composition 
of feeds
- not a blind compilation of all data that exists
- complete nutrient sets (no data gaps)
- reasonable categories (emphasis on practical relevance rather than academic 

accuracy)

- reliable datasets on natural diets 

- (experimental) recording of health- and welfare relevant 
measures



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

Crude fibre
(%DM)

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

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

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

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

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

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

score in rabbits.

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

were recorded weekly.

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

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

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

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

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

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

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

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

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

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

INTRODUCTION

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

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

Royal (Dick) School of Veterinary Studies and the Roslin Institute, University of Edinburgh, Midlothian, UK

Summary

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

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

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

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

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

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

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

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

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

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

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

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

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

muesli diets cannot be recommended.

Keywords hay diet, fibre, muesli
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Introduction

The wild rabbit diet is made up predominantly of

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

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

amounts when grass availability is low (Bhadresa,

1977). In contrast, concentrate rations (both muesli

mixes and extruded/pelleted nuggets) produced for

domesticated rabbits can be higher in energy (carbo-

hydrates and fats) and lower in fibre (Meredith,

2006). Forage-based diets are commonly recom-

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

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

however, the specific dietary requirements of pet rab-

bits are not fully understood. The feeding of lower

fibre feeds has been implicated in the development of

dental (Crossley, 2003) and digestive disease in pet

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

and a higher frequency of abnormal behaviours

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

and Berthelsen, 2000).

Food intake in rabbits has been assessed in farm and

laboratory conditions and is influenced by multiple

factors including fibre levels, digestible energy (DE)

levels, fat levels, amino acid composition and level of

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

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

diet and environmental conditions also affect intake.

Pellets are preferred to meals (ground raw materials;

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

are consumed rapidly (Lidfors, 1997). Ambient

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

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

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

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

affect food intake.
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    O BJECTIVES   :   To assess the impact of four rabbit diets (hay only, extruded diet with hay, muesli with hay 

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

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

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

uneaten caecotrophs was recorded weekly.  

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

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

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

in rabbits fed muesli.  

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

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

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

   INTRODUCTION 

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

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

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

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

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

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

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

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

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

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

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

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

developed evidence of dental disease.

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

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

INTRODUCTION

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

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

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

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

© 2015  Elsevier  B.V.  All rights reserved.

1. Introduction

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

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

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

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

http://dx.doi.org/10.1016/j.applanim.2015.05.003
0168-1591/© 2015 Elsevier B.V. All  rights reserved.
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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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Ubiquitous dense large packages of plant food in terrestrial systems
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Microbes in the digestive tract



… “provide a service”:

- they ‘ferment’ carbohydrates and produce volatile fatty acids

- they may detoxify certain substances

- they produce vitamins

- they fixate atmospheric nitrogen (termites, fish, small mammals?)

- they ‘produce microbial protein’
a ‘protein 
producer’?

Microbes in the digestive tract



… “provide a service”:

- they ‘ferment’ carbohydrates and produce volatile fatty acids

- they may detoxify certain substances

- they produce vitamins

- they fixate atmospheric nitrogen (termites, fish, small mammals?)

- they ‘produce microbial protein’
= microbes are (potential) prey in a trophic 

chain

Microbes in the digestive tract



but there is microbe farming

http://biology-pictures.blogspot.com/2012/01/aquatic-and-terrestrial-food-chains.html

Food chains … & shortcuts



Stevens & Hume (1995)

Farming: contain, nurture, harvest



(Stevens & Hume 1995)

Hindgut and Foregut fermenters



Stevens & Hume (1995)

Farming: contain, nurture, harvest



Microbes live and
grow by fermenting
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Microbes ferment the
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Stevens & Hume (1995)

Small hindgut fermenters



“Colonic separation 
mechanism”

more indigestible material, 
especially fibre

more microbial matter, 
measurable as protein

Separating microbes from indigestible material
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How do you increase the yield of a growing system ?



How do you increase the yield of a growing system ?



frequent harvest to keep the population 
in the growth stage

How do you increase the yield of a growing system ?



by flushing them out of the fermenter 
while retaining the substrate

How do you harvest microbes ?
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Farming: contain, nurture, harvest



Open areas

- convergence in animals that use microbes (growth enhancement, 

harvest mechanisms, enzymes: lysozyme, ribonucleases, uricase) ?

- microbe use across the animal kingdom ?

- constraints in the use of microbes as food ?

- treatment of microbes to overcome constraints ?



The future of comparative nutrition?

Contributions to understanding animals

-

the speed of reproduction
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ABSTRACT

Background: A mech an ism by which a taxon or clade might prevail is by repro du cing faster 

than its compet it ors – or, in other words, by a faster life history. Hence, for organ isms that share a 

niche space, there should be strong direc tional evol u tion of life-history char ac ter ist ics towards 

faster repro duc tion. One reason why this mech an ism is rarely considered may be the concep tu al iz-

a tion of life-history strategies as a set of trade-offs subject to fixed overall phys ical laws, rather than 
as a set of morpho physiolo gical adapt a tions that might evolve a higher effi ciency.

Hypothesis: Among extant taxa, direc tional evol u tion towards faster repro duc tion should be 

reflec ted by higher diversity in those clades of a niche that have a faster pace of life. Assuming 
phylo gen etic inertia in the pace of life, fossil repres ent at ives of clades whose extant repres ent at ives 

are char ac ter ized by a slower pace of life should have been replaced in the niche space by repres-

ent at ives of clades whose extant repres ent at ives have a faster pace of life.

Data descrip tion: We use life-history data from extant eutherian mammals from the PanTheria 

data base, and examples from the mammalian fossil record, focus ing in partic u lar on large 

herb i vores.

Pilot results: We show case examples that indic ate differ ences in offspring produc tion per unit 

time in eutherian mammals of similar niches. For example, the sequence of gest a tion period length 

in which cattle, horses, dromedar ies, and okapis produce offspring of similar number, size, and 

matur ity (280, 340, 390, and 440 days, respect ively) reflects the current species diversity and past 
displace ment sequences of bovids, equids, camelids, and giraf fids.

Conclusion: The demo graphic mech an ism of the ‘survival of the fittest’ can be expec ted to have 
consequences for the evol u tion of prop er ties determ in ing demo graphic life history. Considering life 

history as clade-specific, and life-history char ac ter ist ics of extant species as a snap shot in evol u-
tion ary time, can prom in ently enhance inter pret a tions of clade turnovers and species diversity.

Keywords: compet i tion, direc tional evol u tion, displace ment, escal a tion, key innov a tion, life history, 

mammal.
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By what means do cattle achieve faster intrauterine growth than horses?

280 days 340 days
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By what means do some animals achieve faster intrauterine growth?

280 days 340 days 390 days 440 days

230 days42 days

660 days365 days

there is not even a 
theory about 
underlying 
physiological 
mechanisms



Scientific practice: language conveys content – and attitude

Craving for rules should not outweigh critical evaluation; 
logistics of data generation; reliance on databases; 
comparative evaluation under an evolutionary context

Applied comparative nutrition: clear objectives for improving 
husbandry and welfare

Basic comparative nutrition: endless interesting questions 
(constrained by experimental ethics)

Summary



thank you for your invitation and
your attention


