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REVIEWOF LABORATORYANDNECROPSY EVIDENCE FOR IRON

STORAGE DISEASE ACQUIRED BY BROWSER RHINOCEROSES

Donald E. Paglia, M.D., and I-Hsien Tsu, M.S.

Abstract: Necropsies of two browser rhinoceroses, African black (Diceros bicornis) and Sumatran (Dicerorhinus
sumatrensis), often reveal extensive iron-pigment deposition in various tissues. This condition (hemosiderosis) has
not been observed in species that are natural grazers, African white (Ceratotherium simum) and Asian greater one-
horned (Indian; Rhinoceros unicornis), nor in any species free ranging in the wild. The causes, clinical significance,
and consequences of captivity-acquired hemosiderosis have remained controversial despite two decades of
compelling evidence that iron tends to accumulate logarithmically in allmembers of affected species in proportion
to periods of expatriation; total-body iron loads can reach 10-fold in less than 3 yr and eventually exceed reference
ranges by two to three orders of magnitude; iron overburdens are accompanied by laboratory and histopathologic
evidence of cellular injury, necrosis and other clinical consequences characteristic of chronic pathologic iron
overload disorders (ISD) in humans and other species (hemochromatosis); and that ISD develops in many other
exotic wildlife species displaced from their natural habitats. The historical evolution of evidence establishing the
development of pathologic ISD in browser (but not in grazer) rhinoceroses and the possible relevance of ISD to
other conditions affecting these two species will be reviewed. Evidence reviewed includes new as well as published
data derived from quantitative measurements of iron analytes in sera and necropsy tissues and histopathologic
evaluations of current and past necropsies of captive and free-ranging rhinoceroses of all four available species.
The evolutionary, husbandry, and conservation implications of ISD in rhinoceroses are relevant to understanding
ISD acquired by many other species of exotic wildlife when displaced from their natural environments.

Key words: Ferritin, hemochromatosis, hemosiderosis, iron, rhinoceros species.

INTRODUCTION

Progressive loss of wilderness by human intru-
sion has forced numerous wildlife species to the
brink of extinction and beyond. Some have been
further decimated by avaricious poaching for the
perceived medicinal, cultural (and actual black-
market) value of their various body parts. In
response to these threats, concerned conserva-
tionists have translocated animals from the wild
into various sanctuaries for protection, for captive
breeding programs, and for potential reintroduc-
tion into their original habitats. This has allowed
closer scrutiny of otherwise reclusive animals,
revealing disorders that have rarely, if ever, been
observed in the wild.

Over the past several decades, four of the five
extant species of rhinoceroses have been well
studied in captivity, and each appears to be
susceptible to characteristic sets of clinical con-

ditions. African black rhinoceroses (Diceros bicor-
nis) in particular have been affected by a number
of disorders of high morbidity and mortality.31,35,39

Episodes of acute intravascular hemolysis and
chronic necrolytic dematopathy (mucocutaneous
ulcerative disease) became recognized as the two
most common causes of death.34–38,43 Additional
conditions included high susceptibilities to com-
mon and exotic microorganisms, such as Aspergil-
lus, Leptospira, Mycobacteria, and Salmonella;
scattered cases of leukoencephalomalacia, an
apparently congenital, central nervous system
(CNS) degenerative disorder; primary idiopathic
or toxic hepatopathies; idiopathic hemorrhagic
vasculopathy, possibly an autoimmune disorder
targeting microvasculature; nonhemolytic ane-
mia, sometimes with cachexia, resembling the
anemia of chronic or inflammatory disease; stress-
related sudden death, and generalized hemosid-
erosis. Virtually none of these conditions has been
observed in African white (Ceratotherium simum),
Asian greater one-horned (Indian; Rhinoceros
unicornis), or Sumatran (Dicerorhinus sumatrensis)
rhinoceroses, with the pertinent and important
exception of extensive hemosiderosis and suscep-
tibility to infections in the latter.

The prevalence of so many severe and clinically
disparate disorders in any individual species
suggested that some might share common etio-
logic or pathogenetic factors.61 That possibility
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Summary

To test whether mineral recommendations for horses are likely to guaran-

tee adequate mineral provision for black rhinoceroses (Diceros bicornis),

we investigated the apparent absorption (aA) of macro- and microminer-

als in eight black rhinoceroses from three zoological institutions in a total

of 32 feeding trials with total faecal collection, with additional data from

three unpublished studies (18 feeding trials). Feeds and faeces were ana-

lysed for Ca, P, Mg, Na, K, Fe, Mn, Cu, Zn and Co. The resulting aA coef-

ficients, and the linear relationships of apparently absorbable dietary

mineral content to total dietary mineral content [per 100 g dry matter

(DM)], were compared with data for domestic horses. Rhinoceroses had

significantly higher aA coefficients for Ca and Mg (because of a higher

calculated ‘true’ absorption), and lower ones for Na and K (because of

calculated higher endogenous faecal losses). High absorption efficiency

for divalent cations is hypothesized to be an adaptation to a natural diet

of particularly high Ca:P ratio (approximately 14:1); an effective removal

of Ca from the ingesta guarantees sufficient P availability at the fermenta-

tion site in the hindgut. Higher faecal losses of Na and K are hypothesized

to be linked to a higher faecal bulk per DM intake in black rhinoceroses

as compared with horses because of a generally lower digestive efficiency.

There were no relevant differences in the absorption patterns of micro-

minerals. In particular, there were no discernable differences in Fe

absorption within the rhinoceroses for diets with and without tannin sup-

plementation. Several of the zoo diets assessed in this study were defici-

ent in Cu, Mn or Zn, and most contained excessive levels of Fe when

compared with horse requirements. The findings of this study indicate

that differences in mineral absorption between occur even between spe-

cies of similar digestive anatomy; that in particular, Ca absorption might

vary between hindgut fermenters with Ca:P ratio in their natural diet;

that Na might be a particularly limiting factor in the ecology of free-

ranging rhinoceroses; that moderate doses of tannins do not seem to

markedly influence mineral absorption; and that diets for captive animals

should contain adequate, but not excessive mineral levels.

Journal of Animal Physiology and Animal Nutrition 91 (2007) 193–204 ª 2007 The Authors. Journal compilation ª 2007 Blackwell Publishing Ltd 193
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Summary

The fatty acid (FA) patterns of plasma/serum triglycerides (TG), phosp-

holipids (PL) and cholesteryl esters (CE) of captive and free-ranging

black rhinoceroses (Diceros bicornis) were investigated. Free-ranging ani-

mals (n = 28) stemmed from four different regions. Captive animals

sampled included specimens from North American (n = 11) and three

different European facilities (n = 6). The European animals were tested

on 1–4 different diets, resulting in a total of 15 blood samples. Regard-

less of differences between the free-ranging animals from different

regions, differences between captive and free-ranging animals were rel-

atively uniform: captive animals had higher overall proportions of poly-

unsaturated fatty acid (PUFA), due to levels of linoleic acid (LA, 18:2n6)

that were drastically increased as compared to free-ranging animals. In

contrast, levels of alpha-linolenic acid (ALA, 18:3n3) were consistently

lower on conventional zoo diets. n6/n3 ratios for TG, PL and CE were

1.6, 10 and 8 in samples from free-ranging animals, respectively, as

compared to 4.1–16.3, 16–148 and 40–277 in samples from captive ani-

mals. There was a distinct correlation between the proportion of grain-

based products (commercial concentrates, plain grains and bread) in the

diets of the European animals and the measured levels of n6 PUFA. An

animal from a facility with a very low proportion of grain products in

the diet nevertheless had high LA readings, most probably due to the

use of sunflower oil as 2% (dry matter basis) of its diet. One animal that

received a high proportion of grass meal pellets due to an oral disease

had increased ALA contents after the diet change. These results allow

conclusions on the suitability of diets fed in captivity: the black rhino-

ceros is prone to several uncommon diseases that have been suspected

to be linked to oxidative damage, possibly due to the disposition of this

species to excessive iron storage. An unnatural dietary loading with

PUFAs would exacerbate this problem. Additionally, n6 FAs are known

as precursors of pro-inflammatory mediators, and their overrepresenta-

tion could therefore exacerbate any inflammatory processes. Therefore,

DOI: 10.1111/j.1439-0396.2007.00730.x
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Introduction

Black rhinoceros (Diceros bicornis) are strict browsers

(reviewed in Clauss et al., 2006b). As browse mater-

ial – the foliage of dicots such as shrubs or trees –

contains secondary plant compounds, in particular

tannins (Van Soest, 1994), it can be expected that

free-ranging black rhinoceros consistently ingest a

certain amount of these substances with their daily

diet. Several authors have demonstrated the pres-

ence of tannins in natural forage consumed by

free-ranging black rhinoceros (Loutit et al., 1987;

Atkinson, 1995; Wright, 1998; Muya and Oguge,

2000). Furstenburg and van Hoven (1994) analysed
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Summary

Free-ranging browsers such as the black rhinoceros (Diceros bicornis) con-

sume a diet that contains tannins, whereas the diets offered to them in

captivity consist mostly of items known to contain hardly any such sec-

ondary plant compounds. Tannins could have potentially beneficial

effects, including the chelation of dietary iron (iron storage disease is a

common problem in black rhinos). Here, we tested the acceptance, and

the consequences on digestion variables, of a low-dose tannin supple-

mentation in captive animals. Eight black rhinoceroses from three zoolo-

gical institutions were used. Faecal output was quantified by total faecal

collection. Diets fed were regular zoo diets supplemented with either

tannic acid (T, hydrolysable tannin) or quebracho (Q, condensed tan-

nins); overall tannin source intake increased at 5–15 g/kg dry matter

(DM) in relation to regular zoo diets. Adaptation periods to the new

diets were >2 months. Additional data were taken from one hitherto

unpublished study. Data were compared to measurements in the same

animals on their regular zoo diets. All animals accepted the new diets

without hesitation. There was no influence of tannin supplementation

on digestion coefficients of DM and its constituents, or faecal concentra-

tions of short-chain fatty acids or lactate. Water intake did not increase

during tannin supplementation. Should the inclusion of dietary tannin

sources be an objective in the development of diets for captive rhinocer-

oses, moderate doses such as used in this study are unlikely to cause

relevant depressions of digestive efficiency and will not interfere with

bacterial fermentation in a relevant way.

DOI: 10.1111/j.1439-0396.2006.00673.x
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Summary

In context with the frequent observations of excessive iron (Fe)
storage in captive black rhinoceroses (Diceros bicornis), it has
been suggested that both an excessive dietary Fe content and a
lack of dietary Fe-chelating substances, such as tannins, is the
underlying cause. Therefore, studies on the effects of tan-
nin supplementation to captive diet are warranted. Six
captive rhinoceroses were fed their normal zoo diet (N), and a
similar diet supplemented with either tannic acid (T, hydroly-
sable tannin) or quebracho (Q, condensed tannins), and
the total antioxidant capacity (TAC) was measured as mmol
Trolox equivalents per kg fresh faeces. The TAC values
on diets N (1.24 ± 0.39 mmol/kg fresh faeces) and T
(1.34 ± 0.33 mmol/kg fresh faeces) were similar, but signifi-
cantly higher on diet Q (2.32 ± 0.61 mmol/kg fresh faeces). In
contrast to expectations, faecal TAC increased with increasing
faecal Fe, possibly as a result of the fact that the faecal Fe
content was positively correlated to the proportion of con-
centrate feeds in the diet, which also contain antioxidants, such
as vitamin E, in addition to Fe. Increased antioxidant status
caused by the use of tannin substances could have a beneficial
effect on animal health, but if tannins should be incorporated
in designed diets, other tannin sources, such as grape pomace
should be tested.

Introduction

Captive black rhinoceroses (Diceros bicornis) are prone to
excessive iron storage (Smith et al., 1995; Paglia and Dennis,
1999; Dierenfeld et al., 2005), which has been linked to various
disease syndromes in this species. As compared to the forages
these animals consume in the wild, diets in captivity are high in
iron (Castell, 2005) and low in iron chelators, such as tannins
(Wright, 1998). Therefore, the excessive iron storage observed
could be a consequence of the high amounts of iron that is not
restricted in its availability. Accordingly, there is substantial
interest in the consequences of adding tannin sources to
captive diets on the health of the animals (Clauss, 2003).

A major problem in studies that introduce a dietary
substance with the aim of improving the long-term effects of

the overall ration is the choice of an adequate parameter for
the documentation of a measurable influence of that
substance. Ideally, such trials should be performed on a
long-term basis with a large number of animals, which can
all be bled regularly, and whose overall long-time health
performance can be evaluated. However, with a species like
the black rhino, such conditions are very difficult to meet.
On the one hand, animal numbers at one facility will hardly
be enough for a statistical evaluation, but on the other hand,
it will be difficult to find facilities with a similar commitment
to animal training, proficiency in bleeding the animals and
readiness to perform controlled feeding trials on identical
diets.
Using eight animals from three different zoos, it could be

shown that the inclusion of tannins to their regular diets
influenced the production of salivary tannin-binding proteins
(Clauss et al., 2005) but had no measureable influence on iron
absorption as measured by conventional balance trials (Clauss
et al., 2006b). It had been planned, in addition, to evaluate
iron parameters and antioxidant status in regular blood
samples from these animals, as the feeding of tannic acid
had resulted in an enhanced antioxidant status in juvenile roe
deer (Capreolus capreolus) (Clauss et al., 2003). However, as it
soon became evident that regular bleeding would not be
possible as planned in advance with the different zoos, we
looked for an alternative parameter for measuring any
potential influence on the antioxidant status. Consequently, a
published protocol for the measurement of antioxidant status
in human faeces (Garsetti et al., 2000) was adopted, as access
to freshly defaecated faeces was not a limiting factor in the
study.
In the study in humans, antioxidant capacity had been

correlated with the intake of polyphenol-containing substances
(coffee and red wine); therefore, we hypothesized that the
antioxidant status in rhinoceros faeces should increase with
tannin supplementation. Additionally, as hydroxyl radical
formation in faeces was correlated with faecal iron content in
studies with humans and rats (Erhardt et al., 1997; Stone
et al., 2002), we expected a negative correlation between faecal
iron content and antioxidant status.
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Introduction

Black rhinoceros (Diceros bicornis) are strict browsers

(reviewed in Clauss et al., 2006b). As browse mater-

ial – the foliage of dicots such as shrubs or trees –

contains secondary plant compounds, in particular

tannins (Van Soest, 1994), it can be expected that

free-ranging black rhinoceros consistently ingest a

certain amount of these substances with their daily

diet. Several authors have demonstrated the pres-

ence of tannins in natural forage consumed by

free-ranging black rhinoceros (Loutit et al., 1987;

Atkinson, 1995; Wright, 1998; Muya and Oguge,

2000). Furstenburg and van Hoven (1994) analysed
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Summary

Free-ranging browsers such as the black rhinoceros (Diceros bicornis) con-

sume a diet that contains tannins, whereas the diets offered to them in

captivity consist mostly of items known to contain hardly any such sec-

ondary plant compounds. Tannins could have potentially beneficial

effects, including the chelation of dietary iron (iron storage disease is a

common problem in black rhinos). Here, we tested the acceptance, and

the consequences on digestion variables, of a low-dose tannin supple-

mentation in captive animals. Eight black rhinoceroses from three zoolo-

gical institutions were used. Faecal output was quantified by total faecal

collection. Diets fed were regular zoo diets supplemented with either

tannic acid (T, hydrolysable tannin) or quebracho (Q, condensed tan-

nins); overall tannin source intake increased at 5–15 g/kg dry matter

(DM) in relation to regular zoo diets. Adaptation periods to the new

diets were >2 months. Additional data were taken from one hitherto

unpublished study. Data were compared to measurements in the same

animals on their regular zoo diets. All animals accepted the new diets

without hesitation. There was no influence of tannin supplementation

on digestion coefficients of DM and its constituents, or faecal concentra-

tions of short-chain fatty acids or lactate. Water intake did not increase

during tannin supplementation. Should the inclusion of dietary tannin

sources be an objective in the development of diets for captive rhinocer-

oses, moderate doses such as used in this study are unlikely to cause

relevant depressions of digestive efficiency and will not interfere with

bacterial fermentation in a relevant way.
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Summary

In context with the frequent observations of excessive iron (Fe)
storage in captive black rhinoceroses (Diceros bicornis), it has
been suggested that both an excessive dietary Fe content and a
lack of dietary Fe-chelating substances, such as tannins, is the
underlying cause. Therefore, studies on the effects of tan-
nin supplementation to captive diet are warranted. Six
captive rhinoceroses were fed their normal zoo diet (N), and a
similar diet supplemented with either tannic acid (T, hydroly-
sable tannin) or quebracho (Q, condensed tannins), and
the total antioxidant capacity (TAC) was measured as mmol
Trolox equivalents per kg fresh faeces. The TAC values
on diets N (1.24 ± 0.39 mmol/kg fresh faeces) and T
(1.34 ± 0.33 mmol/kg fresh faeces) were similar, but signifi-
cantly higher on diet Q (2.32 ± 0.61 mmol/kg fresh faeces). In
contrast to expectations, faecal TAC increased with increasing
faecal Fe, possibly as a result of the fact that the faecal Fe
content was positively correlated to the proportion of con-
centrate feeds in the diet, which also contain antioxidants, such
as vitamin E, in addition to Fe. Increased antioxidant status
caused by the use of tannin substances could have a beneficial
effect on animal health, but if tannins should be incorporated
in designed diets, other tannin sources, such as grape pomace
should be tested.

Introduction

Captive black rhinoceroses (Diceros bicornis) are prone to
excessive iron storage (Smith et al., 1995; Paglia and Dennis,
1999; Dierenfeld et al., 2005), which has been linked to various
disease syndromes in this species. As compared to the forages
these animals consume in the wild, diets in captivity are high in
iron (Castell, 2005) and low in iron chelators, such as tannins
(Wright, 1998). Therefore, the excessive iron storage observed
could be a consequence of the high amounts of iron that is not
restricted in its availability. Accordingly, there is substantial
interest in the consequences of adding tannin sources to
captive diets on the health of the animals (Clauss, 2003).

A major problem in studies that introduce a dietary
substance with the aim of improving the long-term effects of

the overall ration is the choice of an adequate parameter for
the documentation of a measurable influence of that
substance. Ideally, such trials should be performed on a
long-term basis with a large number of animals, which can
all be bled regularly, and whose overall long-time health
performance can be evaluated. However, with a species like
the black rhino, such conditions are very difficult to meet.
On the one hand, animal numbers at one facility will hardly
be enough for a statistical evaluation, but on the other hand,
it will be difficult to find facilities with a similar commitment
to animal training, proficiency in bleeding the animals and
readiness to perform controlled feeding trials on identical
diets.
Using eight animals from three different zoos, it could be

shown that the inclusion of tannins to their regular diets
influenced the production of salivary tannin-binding proteins
(Clauss et al., 2005) but had no measureable influence on iron
absorption as measured by conventional balance trials (Clauss
et al., 2006b). It had been planned, in addition, to evaluate
iron parameters and antioxidant status in regular blood
samples from these animals, as the feeding of tannic acid
had resulted in an enhanced antioxidant status in juvenile roe
deer (Capreolus capreolus) (Clauss et al., 2003). However, as it
soon became evident that regular bleeding would not be
possible as planned in advance with the different zoos, we
looked for an alternative parameter for measuring any
potential influence on the antioxidant status. Consequently, a
published protocol for the measurement of antioxidant status
in human faeces (Garsetti et al., 2000) was adopted, as access
to freshly defaecated faeces was not a limiting factor in the
study.
In the study in humans, antioxidant capacity had been

correlated with the intake of polyphenol-containing substances
(coffee and red wine); therefore, we hypothesized that the
antioxidant status in rhinoceros faeces should increase with
tannin supplementation. Additionally, as hydroxyl radical
formation in faeces was correlated with faecal iron content in
studies with humans and rats (Erhardt et al., 1997; Stone
et al., 2002), we expected a negative correlation between faecal
iron content and antioxidant status.
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Summary

Free-ranging browsing herbivores ingest a range of secondary plant

compounds, such as tannins, with their natural diet. As many of these

substances have been shown to have antibacterial properties, it could be

speculated that a lack of such compounds in captive zoo diets could

favour the growth of potentially pathogenic intestinal bacteria. The

effect of a supplementation of a conventional diet (N, consisting mainly

of grass hay and/or lucerne hay and pelleted compound feeds) fed to

eight captive black rhinoceroses (Diceros bicornis) from three zoological

institutions with either tannic acid (T), a source of hydrolysable tannins,

or quebracho (Q), a source of condensed tannins, was investigated. The

number of faecal colony forming units (CFU) of Enterobactericeae was

determined by colony count of dilution series from fresh faeces applied

to MacConkey agar plates. Tannins were added to the diets at approxi-

mately 5–15 g/kg dry matter, depending on the varying intake of roughage

and compound feeds by the animals. There was no difference in the

number of CFU between diets N (95.0 · 105 ± 225.3 · 105/g fresh

faeces) and T (164.3 · 105 ± 225.1 · 105/g fresh faeces); in contrast, diet

Q led to a significant reduction in CFU (4.3 · 105 ± 6.5 · 105/g fresh

faeces) compared with the other diets. These findings suggest that con-

densed tannins could have the potential to reduce the number of poten-

tially pathogenic intestinal bacteria, and that the deliberate inclusion of

tannin sources in the diets of captive wild animals should be further

investigated. The fact that tannic acid, shown to have antibacterial

effects in various in vitro studies, did not have an effect in this study,

emphasizes that the relevance of tannin supplementation for intestinal

health must be verified in vivo.
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Aims	
  

•  Readily	
  available	
  source	
  of	
  tannins	
  -­‐>	
  red	
  grape	
  
pomace	
  

•  forage	
  base	
  (also	
  good	
  for	
  PUFA)	
  -­‐>	
  lucerne	
  meal	
  or	
  
grass	
  meal	
  

•  low	
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  components	
  -­‐>	
  excludes	
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  meal	
  
•  use	
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  rather	
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◊ supplementary feed

◊ Form: pellet 8 mm round

◊ Delivery quantity: 25 kg paper bag 
pallets of 750kg

◊ Product number: Protector: 
Provimi Kliba:

969.60 
3695.PD.S25

◊ A recipe low in iron with naturally low-iron raw materials and manufactured without 
additional iron supplementation for black rhinos and tapirs

◊ Also a suitable recipe for white rhinos

◊ High content of pectins through beet pulp and grape marc

◊ Supplemented with vitamin E and selenium

We are happy to work with you to create an individual feeding recommendation

Suitable for: Rhino and tapir

Feed number: 969.60 
   3695   

HERBIVORES

Rhino and tapir

pellet 8 mm round
1 cm

TYPE OF FEED, FORM, DELIVERY QUANTITY

YOUR BENEFITS

Full-scale picture of the feed
Colours may be different from the product
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  diet	
  

2015-04-24

Major nutrients (%)

Dry matter 90
Crude protein 13.5
Crude fat 2.8
Crude fiber 18
Crude ash 10
NFE 42.7
NDF 31.6
ADF 22.6
Starch 2.4
Sugar 5.1

Energy (MJ/kg)

Gross energy 16
Digestible energy 10.2

Macrominerals (%)

Calcium 0.9
Phosphorus 0.7
Magnesium 0.3
Sodium 1
Potassium 1.5
Chlorine 1.2

Trace elements (mg/kg)

Iron 400
Zinc 175
Copper 34
Iodine 1.2
Manganese 42
Selenium 0.4
Cobalt 0.3

Vitamins (added, mg/kg)

Vitamin A (IU/KG) 6500
Vitamin D3 (IU/KG) 1000
Vitamin E 850
Vitamin K3 5
Vitamin B1 5
Vitamin B2 14.5
Vitamin B6 9.5
Vitamin B12 0.03
Nicotinic acid 105
Pantothenic acid 45
Folic acid 3
Biotin 0.8
Choline 740
Vitamin C 15

Amino acids (%)

Arginine 0.65
Lysine 0.6
Methionine 0.18
Methionine + Cystine 0.37
Tryptophan 0.15
Threonine 0.46

Ingredients
Alfalfa, grape marc, beet pulp, 
wheat bran, molasses, minerals, 
soybean meal (NGMO), vitamins.

Remarks
◊ Given values are calculated 

averages in air-dry feed.
◊ Gross energy calculated accor-

ding to Kamphues et al. 2009
◊ Digestible energy calculated 

according to NRC Horses 2007
◊ Nutrients are subject to natural 

variation of the raw materials 
and their production process.

Feed number: 969.60 
   3695   

HERBIVORES

Rhino and tapir

◊ The feed is suitable for supplementing a balanced basic diet in terms of protein and energy.

◊ Always provide free access to fresh drinking water.             

◊ Benchmark: 0.3% -1% of body weight per day

We are happy to work with you to create individual feeding recommendations for the respective species
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Litzenich, B. A., Ward, A. M. (September 1997). Hay and Pellet Rations: Considerations in Feeding Ungulates. Nutrition Advisory Group Handbook, Fact 
Sheet 006.
National Research Council (2007). Nutrient Requirements of Horses, 6th rev. edition, National Academies Press, Washington DC, S. 4
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Experiences	
  

•  no	
  formal	
  assessment	
  by	
  digesDon	
  study	
  or	
  (the	
  
really	
  important)	
  long-­‐term	
  study	
  

•  no	
  acceptance	
  problems	
  
•  no	
  clinical	
  problems	
  observed	
  in	
  black	
  rhinos	
  

•  black	
  rhino	
  husbandry	
  at	
  Zurich	
  Zoo	
  disconDnued	
  
for	
  other	
  reasons	
  

•  nutriDonal	
  logic	
  should	
  apply	
  for	
  tapirs	
  as	
  well	
  


