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Approach to zoo animal nutrition
“do as we always did”

based on experiences what
has been working

sometimes ‘experiences’ are
mistakes one has been making

for long time

“imitate the natural diet”
best approach depends on what you know 

about the natural diet, and 
what feeds are available

“use a suitable domestic species as model”
species-specific peculiarities 

are easily overlooked

“based on studies in zoo animals”
‘scientific approach’ financially and logistically 

challenging, difficulty in 
summarizing knowledge

‘scientific compromise’
huge amount of knowledge



Zoo animal nutrition 

zoo animal studies



• Case reports / case series
• Inventories of diets, pathological 

states, husbandry success
• Differences between free-range 

and zoo
• Epidemiological / controlled studies

Studies in zoo animals



Examples: case studies

no control group







Examples: inventories

Grisham and Savage (1990)

Marholdt (1991)

Müller et al. (2011)
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Examples: inventories

Kibby Treiber - Plenary (2015)



• Case reports / case series
• Inventories of diets, pathological 

states, husbandry success
• Differences between free-range and 

zoo
• Epidemiological / controlled studies

Studies in zoo animals





Examples: epidemiological/controlled studies



Controlled studies often put animals at risk



Research in a zoo setting

• lack of risk for zoo animals is usually a prerogative 
for a zoo study to be allowed

• studies that shall have relevance for HEALTH mostly 
by definition require setups of more and less 
healthy options/treatments

• typical ‘risk-free’ nutrition studies in zoos with 
potential relevance: inventories, epidemiological 
studies

• typical ‘risk-free’ nutrition studies in zoos with less 
potential relevance: measuring digestibility and 
digesta passage on used diets



Comparisons with the wild



e.g. Herz & Kirberger (2004), Clauss et al. (2007)

Examples: differences wild - zoo

calcium in diets and body tissues & 
UV-B exposure







e.g. Herz & Kirberger (2004), Clauss et al. (2007), Clauss & Paglia (2012)

Examples: differences wild - zoo

calcium in diets and body tissues & 
UV-B exposure

iron deposits in organs





Definite 
candidates

Definite 
candidates?

Potential 
candidates

Susceptible species



Wood et al. (2003); remember Benirschke et al. (1985)

Screening lemurs



Brygoo et al. (1964), Palotay (1978), Griner (1983), Clauss et al. (2002), 
Schwitzer et al. (2002) - individual cases

Gonzales et al. (1984), Benirschke et al. (1985), Spelman et al. (1989) - in 
up to 100% of investigated cases

Dutton et al. (2003) and several other more recent studies - lower iron 
status in free-ranging than in captive lemurs

Yet, in 2003, we were surprised by massive reviewer opposition to our 
manuscript Wood et al. (2003) which also addressed ISD in lemurs and 
suggested dietary measures

2003 Prosimian TAG Report on ISD in lemurs:

“unpublished data from Duke University suggests that the incidence of 
hemosiderosis in captive lemurs may not be as high as previously 
suspected and that there may be species and institutional differences in 
the tendency to develop hemosiderosis”

ISD in lemurs: is it real?



ISD in lemurs: is it real?



e.g. Herz & Kirberger (2004), Clauss et al. (2007), Clauss & Paglia (2012), Clauss et al. (2007)

Examples: differences wild - zoo

calcium in diets and body tissues & 
UV-B exposure

iron deposits in organs
unsaturated (n-3) fatty acids in 

diets and body tissues



Linseed













n3 >> n6 PUFA n3 << n6 PUFA



e.g. Herz & Kirberger (2004), Clauss et al. (2007), Clauss & Paglia (2012), Clauss et al. (2007), Ogilvy et al. (2012)

Examples: differences wild - zoo

calcium in diets and body tissues & 
UV-B exposure

iron deposits in organs
unsaturated (n-3) fatty acids in 

diets and body tissues
carotenes and related substances 

in diet and intensive colouration





e.g. De Clarke & Cameron (1998)

Examples: differences wild - zoo

dental calculus



Hamburger-style diets



Dental calculus



e.g. De Clarke & Cameron (1998), Wenker et al. (1999), Clauss et al. (2007), Kaiser et al. (2009), Taylor et al. 
(2014)

Examples: differences wild - zoo

dental calculus
tooth wear (browsers, bears)



Dental health in captivity

... a lot of work suggesting that the dental health of
captive wild animals is not ideal ...



Dental health in captivity

Coyler (1936) primates in captivity have much more
tooth problems than free-ranging primates (e.g. 
caries)

Hungerford et al. (1999) higher incidence of
periodontosis and caries in raccoons from a city
park than from the wild

Wenker et al. (1999) more dental calculus in captive
than in free-ranging bears, and more leasions due 
to bar chewing in zoo bears



Dental health in captivity

... a lot of work suggesting that the dental health of
captive wild animals is not ideal ...

... due to sugars (caries), texture (calculus), 
behavioural abnormalities (bar chewing) or
genetics (malformed teeth)

... what about tooth wear (the loss of dental tissue for
physical reasons)?



What wears down dental tissue?

- diet ‘hardness’ (common perception: branches, 
twigs, sometimes even dry bread)

- diet abrasiveness

- tooth-to-tooth contact => chewing!



Hypseledont teeth



Cheek tooth length (mm)





”Growth is constant …

The way we taught it in the past …

Growth (mm/week) of incisors

Kamphues (2001)

… and must be compensated by chewing-wear of a 
suitable food.”

 
Species Maxilla Mandible 
Rat 1.5-2.6 1.8-3.9 
Chinchilla 1.3-1.7 1.1-2.2 
Guinea pig 1.4-1.7 1.2-1.9 
Dwarf rabbit 1.3-1.7 1.1-1.8 
 



”Growth is constant …

The way we taught it in the past …

Time required for ingestion (min/g dry matter)

… and must be compensated by chewing-wear of a 
suitable food.”

 
Food Rabbit Guinea pig Chinchilla 
Grass hay 5-12 8-14 14-20 
Fresh grass 7 7 19 
‚Müsli‘ 3 4 5 
Pellets 1 5 4 
 Wenger (1997), Schröder (1999)



Growth





Rabbits



Wear and growth upper/lower incisor



Cheek tooth length (mm)





Hypsodonty



Hypsodonty

Hummel (unpubl.)





Where does the silica come from?

- grit/dust (external abrasives)?

- phytoliths (internal abrasives)?



Does it matter for zoos?

animals adapted to browse but eating grass
products should experience more wear than they
are naturally adapted to

Clauss et al. (2007)





Fotos: Johanna Castell, 
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Free-ranging    vs.    captive giraffes

from Clauss et al. (2007)



Free-ranging    vs.    captive moose

from Kaiser et al. (2009)





The special case of equids

from Taylor et al. (2016)



The special case of equids

from Taylor et al. (2015)

ZooWild



from Taylor et al. (2015)

Zoo
Wild

Feeding position?



Summary

Differences in wear patterns exist between zoos and
the wild, indicating

¢ less abrasion in grazers due to feeding
hygiene?

✪ more abrasion in due to the use of
browsers abrasive feeds (incl. 

phytoliths)?



Summary

Less abrasion in grazers: only a problem in uneven
wear => feeding position



Summary

Less abrasion in grazers: only a problem in uneven
wear => feeding position

More abrasion in browsers: contributing to lower
lifespan?; is it possible to avoid abrasive elements in 
both forages (dicot = lucerne) and pellets (no
monocot products)?



e.g. Fujita & Kageyama (2007)

Examples: differences wild - zoo

undesired GIT bacteria





e.g. Taylor et al. (2013),, Mason et al. (2007)

Examples: differences wild - zoo

fibre in (herbivore) diets



• Human nutrition è gut health
• Pigs è piglet diarrhoea
• Beef cattle/ Dairy cattle
• Riding horses  è crib biting
• Dogs/ Cats  è faeces consistency
• Zoo animals  è obesity

Man-made diets: too little fibre



Use Fibre content* Longevity

Beef cattle 12 %DM      app. 2 years

Dairy cattle 18 %DM      app. 4 years

Feral cattle 30 %DM      app. 25 years

*historical recommendations for ration design

Fibre content depends on intended use



Feeding herbivores       

from Stevens und Hume (1995)



Feeding herbivores

from Stevens und Hume (1995)

Major goal of herbivore 
feeding:

Do not disturb the balance of 
the ‘fermentation chamber’!



Feeding herbivores

from Stevens und Hume (1995)

This happens if, instead of plant fibre, 
larger amounts of starches or sugars

enter into the fermentation
chamber!



Bacteria ferment all carbohydrates into
volatile fatty acids (VFA)

� plant fibres (cellulose, 
hemicellulose) are 
fermented slowly

� the VFA can be 
absorbed as they come

� the pH in the 
fermentation chamber 
remains stable

� sugars/starch are fer-
mented rapidly (some 
even „explosively�)

� more VFA produced 
than can be absorbed

� the pH in the 
fermentation chamber 
drops

� � � ACIDOSis !
protector_zoofeed@cargill.com
www.protectorzoofeed.com

Für Ihre Bestellungen: Protector Zoofeed CH-4303 Kaiseraugst
Tel. +41 61 816 16 16
Fax +41 61 816 18 00

CH-1522 Lucens 
Tel. +41 21 906 15 15
Fax +41 21 906 85 54

2015-04-24

Pellet 15 mm eckig

Pellet 8 mm rund

1 cm

1 cm

◊ Ergänzungsfuttermittel

◊ Form: Pellet 8 mm rund 
Pellet 15 mm eckig

◊ Liefermengen: 25 kg Papiersäcke 
Lose 
Paletten à 750kg

◊ Produktnummer: Protector: 
Provimi Kliba:

967.60, 967.90 
3690.PD.S25, 3690.PD.X, 3690.PX.S25

◊ Abgestimmte Faserzusammensetzung, speziell geeignet für Browsers, kann aber auch 
bei Grazers eingesetzt werden

◊ Reich an fermentierbarer Faser durch Rübenschnitzel, Sojahüllen und Luzerne

◊ Wenig Getreide und dadurch niedriger Gehalt an Zucker und Stärke

◊ Hoher Gehalt an Vitamin E und Selen

◊ Biotin supplementiert für Horn und Fell

◊ Kein mineralisches Eisen substituiert

◊ Leinsaatprodukte für hohen Gehalt an natürlichen Omega-3-Fettsäuren

◊ Bicarbonat zur Vorbeugung der Pansenacidose

Gerne erarbeiten wir mit Ihnen einen individuellen Fütterungsvorschlag

Geeignet für: Herbivoren, v.a. für Browsers, 
   aber auch Grazers

Futternummer: 967.60, 967.90 
   3690   

HERBIVOREN

Herbivore 
Fiber Balance

FUTTERART, FORM, LIEFERMENGEN

IHRE VORTEILE

Futterabbildung im Originalmassstab
Farben können vom Produkt abweichen



Feeding high-sugar/starch diets

Easily digestible 
nutrients absorbed 
in small intestine
=> obesity

Clauss & Dierenfeld (2008)



Photo Jean-Michel Hatt



Elephant body mass

Schiffmann et al. (subm.)





(Dale 2010; Kurt & Mar 1996; Hermes 2008; 
Doyle 1999; Reuther 1969; Lee 1991; 
Jayewardene 1999)

Geburtsgewicht
e Asiatische

Elefanten

Slide courtesy of Kibby Treiber

Risk of high birth weight ?



Female elephant body mass & breeding

Schiffmann et al. (2019)



Body condition monitoring

Hatt & Clauss (2006), Schiffmann et al. (2018)



Free-range vs. zoo

from various internet sources and own photo



Free-range vs. zoo

from Clauss & Hatt (2006)



(Von Houwald 2016)



Feeding high-sugar/starch diets

Easily digestible 
nutrients absorbed 
in small intestine
=> obesity

Easily digestible 
nutrients absorbed 
in small intestine
=> obesity

Only at very 
excessive amounts: 
‘caecum acidosis’, 
diarrhoea, laminitis



Free range ‘traditional’ zoo diets

Photos: Patricia Medici, Stefanie Lang-Deuerliein, J.-M. Hatt, M. Clauss

Tapir faeces



Faecal scores in tapirs

• 1

• 2

• 3

• 4

• 5

Photos: Tamsin Wilkins

from Clauss et al. (2008)



Faecal scores in tapirs
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from Clauss et al. (2009)



Feeding high-sugar/starch diets

Easily digestible 
nutrients absorbed 
in small intestine
=> obesity

Easily digestible 
nutrients absorbed 
in small intestine
=> obesity

Only at very 
excessive amounts: 
‘caecum acidosis’, 
diarrhoea, laminitis

(obesity)

Clauss & Dierenfeld (2008)



Free-range vs. zoo

from Collen et al. (2011) from Taylor et al. (2013)



Feeding high-sugar/starch diets

Easily digestible 
nutrients absorbed 
in small intestine
=> obesity

Easily digestible 
nutrients absorbed 
in small intestine
=> obesity

Only at very 
excessive amounts: 
‘caecum acidosis’, 
diarrhoea, laminitis

(obesity)

Easily digestible 
nutrients enter the 
fermentation 
chamber
Þ‘malfermentation’

Low food intake
Laminitis
Liver abscess
Reduced lifespan?
Diarrhoea
Oral stereotypies

Clauss & Dierenfeld (2008)





Foto: Marcus Clauss



Finnish 
moose

captive 
moose

(Whipsnade 
Zoo)

from Hofmann & Nygren 
(1992)

Rumen mucosa of moose



Feeding type  n  Acidotic chanes of the rumen mucosa 
(%)  

   
Grazer  1 3  2 3  
Mixed feeder  3 0  2 7  
Browser  2 4  8 3  

 

Data from Marholdt (1991)

Changes in rumen mucosa indicating
ruminen acidosis



Hoof overgrowth / chronic laminitis

from Nocek (1997)

Photo: W. Zenker



Hoof overgrowth - ‘anecdotes’

Giraffe survey: Zoos with hoof problems fed 
more fruits/bread/grains than zoos without 
such problems  (Hummel et al. 2006). 

Moose survey: Zoos with hoof problems fed 
more non-roughages (incl. fruits) than zoos 
without such problems (Clauss et al. 2002).

Comparing two wild ruminant herds, the one 
with a higher proportion of concentrates had 
a lower rumen pH and worse claws (Zenker et al. 

2009).



Primates as a prime example

(obesity)

Easily digestible 
nutrients enter the 
fermentation 
chamber
Þ‘malfermentation’

Low food intake
Laminitis
Liver abscess
Reduced lifespan?
Diarrhoea
Oral stereotypies



§ Gorillas (Cousins 1972, Leigh 1992)

§ Orangutans: wild � 38.7 kg, � 86.3 kg                                      
zoo  � up to 81 kg, � up to 

189 kg;    (Schmidt 2004)

§ Chimpanzees: 10.5% �� obese
(Videan et al. 2007)

§ Macaques: 7-23% obese

(Walike et al. 1977, Schwartz et al. 
1993, Chen at al. 2002)

§ Marmosets

(Savage et al. 1993, Encarnación & 
Heymann 1998, Araújo et al. 2000)

§Lemurs (Schaaf & Stuart 1983, Schwitzer & 
Kaumanns 2001, Taylor et al. 2012)

Obesity in primates



Examples: differences wild - zoo

obesity





Obesity in orangutans



Primates as a prime example

obese lemurslangurs with bad
condition, 
diarrhoea, short
lifespan



Fibre and faeces consistency in langurs

Nijboer et al. (2006)



Primates as a prime example



e.g. Taylor et al. (2013),, Mason et al. (2007)

Examples: differences wild - zoo

fibre in (herbivore) diets
feeding-related dysbehaviour



Stereotypies



Oral Stereotypies in 
Giraffe

Photo: Daniela Schaub











e.g. Taylor et al. (2013),, Mason et al. (2007), Schwitzer & Kaumanns (2001)

Examples: differences wild - zoo

fibre in (herbivore) diets
feeding-related dysbehaviour

obesity



Geochelone pardalis Geochelone nigra
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Geochelone pardalis Gopherus agassizi
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Geochelone sulcata

� extensive or
free-range

� intensive

Tortoise growth

Ritz et al. (2010ab, 2012)



Clark et al. (2013)



Zoo giant anteaters:
Higher body masses than in the wild have been 
reported repeatedly. Does this have relevance?
Wide range of body masses and BCS.

Clark et al. (2013)



arge hairy armadillo
(Chaetophractus villosus)

Clark et al. (2013)



armadillo
(Euphractus sexcinctus)

Clark et al. (2013)



Monitoring body condition



Monitoring body condition

from Keep (1971)



Monitoring body condition

from Reuter & Adcock (1998)



Monitoring body condition
BCS 5 

 

BCS 4 

 
BCS 3 

 

BCS 2 

 

BCS 1 

 
 1 

from Heidegger et al. (2016)



Monitoring body condition



Monitoring body condition



(too little exercise)

High-energy feeds

Too much of medium-energy feeds

Ways to generate obesity



Birthday cakes



Birthday cakes



Zoo nutrition problems 
- historical development



Carnivore Red meat ?

The classic problem repertoire



Carnivore Red meat Calcium deficiency

The classic problem repertoire



Carnivore Red meat Calcium deficiency

The classic problem repertoire

+



Carnivore Red meat Calcium deficiency

The classic problem repertoire

+



Carnivore Red meat Calcium deficiency

The classic problem repertoire

+
Dental calculus, 
behavioural
deficiencies



Carnivore Red meat Calcium deficiency

The classic problem repertoire

+

+

Dental calculus, 
behavioural
deficiencies



Carnivore Red meat Calcium deficiency

The classic problem repertoire

+
Dental calculus, 
behavioural
deficiencies

+



Carnivore Red meat Calcium deficiency

The classic problem repertoire

+
Dental calculus, 
behavioural
deficiencies

+

+ adequate 
presentation



Carnivore Red meat Calcium deficiency

The classic problem repertoire

+
Dental calculus, 
behavioural
deficiencies

+

+ adequate 
presentation = 
enrichment !!



Insectivore Meat, fruit, insects ?

The classic problem repertoire



Insectivore Meat, fruit, insects Calcium and
Vitamin A deficiency

The classic problem repertoire



Insectivore Meat, fruit, insects Calcium and
Vitamin A deficiency

The classic problem repertoire

+
Obesity, 
aggression, 
abnormal 
behaviour



Insectivore Meat, fruit, insects Calcium and
Vitamin A deficiency

The classic problem repertoire

+
Obesity, 
aggression, 
abnormal 
behavior, dental 
calculus



Insectivore Meat, fruit, insects Calcium and
Vitamin A deficiency

The classic problem repertoire

+
Obesity, 
aggression, 
abnormal 
behavior, dental 
calculus+



Insectivore Meat, fruit, insects Calcium and
Vitamin A deficiency

The classic problem repertoire

+
Obesity, 
aggression, 
abnormal 
behavior, dental 
calculus+

+ adequate 
presentation



Insectivore Meat, fruit, insects Calcium and
Vitamin A deficiency

The classic problem repertoire

+
Obesity, 
aggression, 
abnormal 
behavior, dental 
calculus+

+ adequate 
presentation = 
enrichment !!



Fish-Eater Thawed fish ?

The classic problem repertoire



Fish-Eater Thawed fish Sodium- and vitamin B 
deficiency

The classic problem repertoire



Fish-Eater Thawed fish Sodium- and vitamin B 
deficiency

The classic problem repertoire

+
+ adequate thawing 

regime



Fish-Eater Thawed fish Sodium- and vitamin B 
deficiency

The classic problem repertoire

+
abnormal 
behavior, skin/eye 
problems

+ adequate thawing 
regime



Fish-Eater Thawed fish Sodium- and vitamin B 
deficiency

The classic problem repertoire

+
abnormal 
behavior, skin/eye 
problems

+ adequate 
presentation

+ adequate thawing 
regime



Fish-Eater Thawed fish Sodium- and vitamin B 
deficiency

The classic problem repertoire

+
abnormal 
behavior, skin/eye 
problems

+ adequate 
presentation = 
enrichment !!

+ adequate thawing 
regime



Fish-Eater Thawed fish Sodium- and vitamin B 
deficiency

The classic problem repertoire

+
abnormal 
behavior, skin/eye 
problems

+ adequate 
presentation = 
enrichment !!

+ salt water bath
(e.g. 1x/week)

+ adequate thawing 
regime



Primate Fruits & vegetables ?

The classic problem repertoire



Primate Fruits & vegetables Calcium deficiency

The classic problem repertoire



Primate Fruits & vegetables Calcium deficiency

The classic problem repertoire

+



Primate Fruits & vegetables Calcium deficiency

The classic problem repertoire

+ Obesity, caries, 
aggression, 
abnormal 
behaviour



Primate Fruits & vegetables Calcium deficiency

The classic problem repertoire

+ Obesity, caries, 
aggression, 
abnormal 
behaviour



Primate Fruits & vegetables Calcium deficiency

The classic problem repertoire

+ Obesity, caries, 
aggression, 
abnormal 
behaviour

+ adequate 
presentation



Primate Fruits & vegetables Calcium deficiency

The classic problem repertoire

+ Obesity, caries, 
aggression, 
abnormal 
behaviour

+ adequate 
presentation = 
enrichment !!



Herbivore Hay, fruits & grains ?

The classic problem repertoire



Herbivore Hay, fruits & grains Vitamin E- and calcium
deficiency

The classic problem repertoire



Herbivore Hay, fruits & grains Vitamin E- and calcium
deficiency

The classic problem repertoire

+



Herbivore Hay, fruits & grains Vitamin E- and calcium
deficiency

The classic problem repertoire

+



Herbivore Hay, fruits & grains Vitamin E- and calcium
deficiency

The classic problem repertoire

+ Obesity, 
malfermentation, 
abnormal 
behaviour



Herbivore Hay, fruits & grains Vitamin E- and calcium
deficiency

The classic problem repertoire

+ Obesity, 
malfermentation
(acidosis), 
abnormal 
behaviour(    )



Herbivore Hay, fruits & grains Vitamin E- and calcium
deficiency

The classic problem repertoire

+ Obesity, 
malfermentation
(acidosis), 
abnormal 
behaviour(    )

+ adequate 
presentation



Herbivore Hay, fruits & grains Vitamin E- and calcium
deficiency

The classic problem repertoire

+ Obesity, 
malfermentation
(acidosis), 
abnormal 
behaviour(    )

+ adequate 
presentation = 
enrichment !!
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human-taste diets Classic deficiencies

Basic feeding approach
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structure and nutrient
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Agriculture / 
human-taste diets Classic deficiencies

Basic feeding approach

+ supplement

‘Civilisation diseases’ 
(obesity, malfermentation), 
abnormal behavior 
(stereotypies, aggression)

Diets that resemble
natural diets in 
structure and nutrient
composition

+ adequate 
presentation = 
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Animal group
Agriculture / 
human-taste diets Classic deficiencies

Basic feeding approach

+ supplement

‘Civilisation diseases’ 
(obesity, malfermentation), 
abnormal behavior 
(stereotypies, aggression)

Diets that resemble
natural diets in 
structure and nutrient
composition

+ adequate 
presentation = 
enrichment !!

Enrichment should not be the addition of something 
(like human-taste items) but the presentation of the diet an 

a challenging and meaningful way !



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use



Enclosure design and use

keepers



Enclosure management = enrichment

keepers



Enclosure management = enrichment

keepers



Enclosure management = enrichment

keepers



Enclosure management = enrichment

keepers



Enclosure management = enrichment

keepers



Enclosure management = enrichment

keepers



Real-life examples 
of diet changes



Reports: Hippos at Bristol



Reports: Ungulates at Chester
-existing rations seemed overly complicated

-against diet change: no health problems, established work 
routine, known providers

-for diet change: rations without biological logic, high potential 
for mistakes, inventory/stores management, costs

-aim: reduce fruits/vegetables, roughage as staple diet item, 
nutrient/mineral guaranteed via pelleted feeds

-February 2007: 4 week of transition for new rations

-fruits/vegetables stopped completely

-re-evaluation in 2009: keepers’ evaluation incl. body condition 
scores and photo documentation

-no negative experiences, distinct cost reduction

courtesy Andrea Fidgett



Reports: Primates at Paignton



-trigger: frequent dental treaments

-for diet change: reduction of sugar (high proportion of fruits), 
reduction of obesity, rations without biological logic, rations 
against current fibre recommendations, costs

-aim: reduction of fruits, bread, grain mixes

-as of 2004: diet changes for various primate groups (colobus, 
baboons, macaques, spider monkeys, meerkats)

-fruits stopped completely

-3-vegetable-system

courtesy Amy Plowman

Reports: Primates at Paignton



Group A Group B Group C
Green leaf “other” Starch/Sugar
spinach green beans carrot
cabbage broccoli corn
lettuce cauliflower parsnip
chard celery turnip
collards cucumber swede
greens leek squash
watercress onion pumpkin

peas tomato
sweet potato
pepper

flexible feeding plans allow to use 
seasonal availability

3-vegetable-system

courtesy Amy Plowman



-trigger: frequent dental treaments

-for diet change: reduction of sugar (high proportion of fruits), 
reduction of obesity, rations without biological logic, rations 
against current fibre recommendations, costs

-aim: reduction of fruits, bread, grain mixes

-as of 2004: diet changes for various primate groups (colobus, 
baboons, macaques, spider monkeys, meerkats)

-fruits stopped completely

-3-vegetable-system

-less dental treatments, better faecal
consistency, little weight loss, cost reduction, 
better sustainability, less aggression

courtesy Amy Plowman

Reports: Primates at Paignton
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Reports: Bears at Zurich Zoo



Reports: Bears at Zurich Zoo

Bears at Zurich Zoo were considered obese when 
compared to reported body mass for species (male: 
180 vs. 140 kg, female: 115 vs. 75 kg)

Diet offered contained 2x the amount of ME 
(calculated as for dogs) compared to estimated 
requirements at ideal body weight.

Challenge: feeding a group where some individuals 
should lose weight, some should keep weight, and one 

should continue to grow!



Reports: Bears at Zurich Zoo

Amount of food was reduced (to what was 
calculated as the total requirement on ideal body 
weight).
Bread was excluded, fruits reduced, additional 
vegetables introduced.
Regular weighing (every second week).

The most important task was to have all personnel 
involved agree on goals of weight loss and diet 
change to a more ‘natural’ diet (in terms of nutrient 
composition).



Reports: Bears at Zurich Zoo

obese male: weight loss; left Zurich Zoo at this point



Reports: Bears at Zurich Zoo

normal females: constant weight

obese female: weight loss

growing female: growth to normal weight



Reports: Bears at Zurich Zoo

The most important accomplishment is the creation of 
a situation where everyone involved now considers 
regular weighing, and constant adjustment of diet 

amounts based on the results of weighing, a normal 
procedure.
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Reports: Bears at Zurich Zoo



Reports: Viscachas at Zurich



Diet change in 2001/2 because of high incidence of
cataracts (linked to diabetes)

Gull et al. (2009)

Reports: Viscachas at Zurich



Diet change in 2001/2 because of high incidence of
cataracts (linked to diabetes)

Drastic reduction of the occurrence of new cataracts!

Gull et al. (2009)

Reports: Viscachas at Zurich



Reports: Lesser kudu at Basle
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Reports: Lesser kudu at Basle



Lessons from the Lesser kudu

You can solve a problem – today.
Tomorrow, you have to solve it again.
You cannot trust that someone else will solve it for you 
tomorrow.
You have to instigate measures that ensure a solution 
is used day after day.

Every problem has the right to have several causes.



Fruits and vegetables at Zurich

Provide nutrient tables in 2006

Fruits 
 

 Water Rest protein 
available 

carbohydrates calcium phosphorus 
  “dry matter” % ‰ 
 % % -------------------- dry matter -------------------- 
Honey 18.6 81.4 0.5 92.3 0.1 0.2 
Rock melon 87.0 13.0 6.9 92.5* 0.5 1.6 
Water melon 93.2 6.8 8.8 90.5* 1.5 1.6 
Ananas 85.3 14.7 3.1 89.3 1.1 0.6 
Grapes 81.1 18.9 3.6 85.2 1.0 1.1 
Apple 85.3 14.7 2.3 84.3 0.5 0.8 
Dried dates 20.2 79.8 2.3 83.1 0.8 0.7 
Cherry 82.8 17.2 5.2 82.6 1.0 1.2 
Banana 73.9 26.1 4.4 82.0 0.3 1.1 
Grapefruit 89.0 11.0 5.5 81.4 1.6 1.5 
Pear 84.3 15.7 3.0 80.6 0.6 1.0 
Peach 87.5 12.5 6.1 75.5 0.6 1.8 
Mango 82.0 18.0 3.3 71.1 0.7 0.7 
Plum 83.7 16.3 3.7 70.0 0.9 1.1 
Apricot 85.3 14.7 6.1 67.6 1.1 1.4 
Gooseberry 87.3 12.7 6.3 66.9 2.3 2.4 
Kiwi 83.8 16.2 6.2 66.5 2.3 1.9 
Fig 80.2 19.8 6.6 65.2 2.7 1.6 
Orange 85.7 14.3 7.0 64.3 2.9 1.6 
Strawberry 89.5 10.5 7.8 61.4 2.5 2.8 
Black currant 81.3 18.7 6.8 53.3 2.5 2.1 
Red currant 84.7 15.3 7.4 48.6 1.9 1.8 
Blueberry 84.6 15.4 3.9 47.8 0.6 0.8 
Blackberry 84.7 15.3 7.8 46.7 2.9 2.0 
Raspberry 84.5 15.5 8.4 44.6 2.6 2.8 
Guava 83.5 16.5 5.5 40.6 1.0 1.9 
Papaya 87.9 12.1 4.3 19.8 1.7 1.4 

Avocado 68.0 32.0 5.9 
1.3 (due to high 

fat content) 0.3 1.2 

 
*minimum 
 
Source: Souci/Fachmann/Kraut „Die Zusammensetzung der Lebensmittel – Nährwert-
Tabellen 1989/90“. 4. Auflage, Wiss. Verlagsgesellschaft Stuttgart 

Vegetables 

 Water Rest protein 
available 

carbohydrates calcium phosphorus 
  “dry matter” % ‰ 
 % % -------------------- dry matter -------------------- 
Sweet potato 69.2 30.8 5.3 94.0* 1.1 1.5 
Manioc/Tapioca 63.1 36.9 2.7 86.9 1.0 1.0 
Beetroot 88.8 11.2 13.7 76.9 2.6 4.0 
Potato raw/cooked 77.8 22.2 9.2 69.4 0.4 2.3 
Cucumber 96.8 3.2 18.8 64.7 4.7 7.2 
Tomato 94.2 5.8 16.4 59.5 2.4 4.5 
Pumpkin 91.3 8.7 12.6 54.9 2.5 5.1 
Green beans 90.3 9.7 24.6 54.5 5.9 3.9 
Onion 87.6 12.4 10.1 46.7 2.5 3.4 
Kohlrabi 91.6 8.4 23.1 45.8 8.1 5.9 
Carrot 88.2 11.8 8.3 41.8 3.5 3.0 
Chicoree 94.4 5.6 23.2 41.4 4.6 4.6 
Squash 88.7 11.3 12.4 40.6 2.4 3.8 
Radish 94.4 5.6 18.8 39.6 6.1 4.7 
Aubergine 92.6 7.4 16.8 35.9 1.8 2.9 
Sweet pepper 91.0 9.0 13.0 35.7 1.2 3.2 
Celery stalks 92.9 7.1 16.9 30.7 11.3 6.8 
Cauliflower 91.6 8.4 29.3 30.2 2.4 6.4 
Chinese cabbage 95.4 4.6 25.9 29.1 8.7 6.5 
Leek 89.0 11.0 20.4 29.0 7.9 4.2 
Broccoli 89.7 10.3 32.0 27.4 10.2 8.0 
Zucchini 92.2 7.8 20.5 25.6 3.8 2.9 
Brussels sprouts 85.0 15.0 29.7 25.1 2.1 5.6 
Savoy cabbage 90.0 10.0 29.5 24.1 4.7 5.6 
Lettuce 95.0 5.0 25.0 22.0 7.4 6.6 
Kale/Green cabbage 86.3 13.7 31.4 21.7 15.5 6.4 
Fennel 86.0 14.0 17.4 20.1 7.8 3.6 
Celery root 88.6 11.4 13.6 19.7 6.0 7.0 
Girasole 78.9 21.1 11.6 19.0 0.5 3.7 
Artichoke 82.5 17.5 13.7 16.6 3.0 7.4 
Field salad/Lamb’s 
lettuce 93.4 6.6 27.9 10.6 5.3 7.4 
Mangold 92.2 7.8 27.3 8.8 12.8 5.0 
Spinach 91.6 8.4 30.0 7.3 15.0 6.5 
Parsley 81.9 18.1 24.5 7.2 13.5 7.1 
Endive 94.3 5.7 30.7 5.3 9.5 9.5 

 
*minimum 
 
Source: Souci/Fachmann/Kraut „Die Zusammensetzung der Lebensmittel – Nährwert-
Tabellen 1989/90“. 4. Auflage, Wiss. Verlagsgesellschaft Stuttgart 
 



Changes in food turnover
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brussels chard 

onion leek 

fennel celery stalk 

Fruits and vegetables at Zurich
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Changing a tapir diet I
• strawberries
• mangos
• plums (w/o stones)
• apricots/peaches (w/o stones)
• apples
• pears
• ananas
• leek
• lettuce
• tomatoes
• cooked pasta/cooked rice with raisins
• oat flakes
• dry bread
• yoghurt
• minced meat (1x/week)
• ... and grass hay ad libitum (is hardly eaten)



Changing a tapir diet II

• morning:
Lucerne hay ad libitum (for the whole day)
and one lettuce, one bunch of leek, one bunch
of celery stalks
handful of pelleted feed (for minerals)

• afternoon (alterating):
20 carrots or
2 pieces of barley sprouts or
2 cucumbers

• always fresh browse (twigs with leaves)

 

from Clauss et al. (2008)



• Alfred Brehm (1864):
„It always costs them quite an effort to rise up from their
inactivity and phlegm.“

Changing a tapir diet III



 

• Alfred Brehm (1864):
„It always costs them quite an effort to rise up from their
inactivity and phlegm.“

• one year after the diet change:
animals did not starve!
animals are more active, alert, lively, ingest food (lucerne
hay) throughout the day, easier to handle for keepers
(more responsive)

animals are less obsese
from Clauss et al. (2008)

Changing a tapir diet III



Foto: Jean-Michel Hatt
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