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Natural diets of rhninoceros

Trewia fruits in the wild:

- different from commercial
fruits

- less than 3% of daily dry
matter intake in peak times!
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A comparison of observed molar wear rates in extant
herbivorous mammals

- . Ann. Zool. Fennici 51: 188-200
John Damuth' & Christine M. Janis? Helsinki 7 April 2014
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Journal of Zoo and Wildlife Medicine 38(3): 433-445. 2007
Copyright 2007 by American Association of Zoo Veterinarians

TOOTH WEAR IN CAPTIVE GIRAFFES (GIRAFFA
CAMELOPARDALIS): MESOWEAR ANALYSIS CLASSIFIES FREE-
RANGING SPECIMENS AS BROWSERS BUT CAPTIVE ONES AS
GRAZERS

Marcus Clauss., M.Sc., Dr. Med. Vet., Dipl. E.C.V.C.N., Tamara A. Franz-Odendaal, Ph.D..
Juliane Brasch, Johanna C. Castell, Dr. Med. Vet., and Thomas Kaiser, P.D. Dr. Rer. Nat.
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Tooth wear in captive wild ruminant species differs from that
of free-ranging conspecifics

Thomas M. Kaiser®*, Juliane Brasch®, Johanna C. Castell®,
Ellen Schulz®, Marcus Clauss®

®
-0.5 4
[
1.0 -
More abrasion
-1 .b | | |
Browser Intermediate Grazer

Feeding types







Tooth wear in rninos




Tooth wear in rninos

C) Ceratotherium simum
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Tooth wear in rninos

A) Diceros bicornis

Mesowear score

]:| Anterior cusp [:l Posterior cusp

from Taylor et al. (2014)
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Crude fibre ~25%
Ingredients!
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What's in an apple ¢

85 % water
10 % sugar




Fruits and Vegetables

Vegetables

.
Fruits
available
Water Rest protein carbohydrates calcium | phosphorus
“dry matter” % Y0
%o % dry matter
Honey 18.6 81.4 0.5
Rock melon 87.0 13.0 6.9
‘Water melon 93.2 6.8 8.8
Ananas 85.3 14.7 3.1
Grapes 81.1 18.9 3.6
Apple 85.3 14.7 23
Dried dates 20.2 79.8 23
Cherry 82.8 17.2 52
Banana 739 26.1 4.4
Grapefruit 89.0 11.0 5.5
Pear 84.3 15.7 3.0
Peach 87.5 12.5 6.1
Mango 82.0 18.0 33
Plum 83.7 16.3 37
Apricot 85.3 14.7 6.1
Gooseberry 87.3 12.7 6.3
Kiwi 83.8 16.2 6.2
Fig 80.2 19.8 6.6
Orange 85.7 143 7.0
Strawberry 89.5 10.5 7.8
Black currant 81.3 18.7 6.8
Red currant 84.7 153 74
Blueberry 84.6 15.4 3.9
Blackberry 84.7 153 7.8
| Raspberry 84.5 15.5 8.4
Guava 83.5 16.5 5.5
Papaya 87.9 12.1 4.3
1.3 (due to high
Avocado 68.0 32.0 5.9 fat content)
*minimum

Source: Souci/Fachmann/Kraut ,,Die Zusammensetzung der Lebensmittel — Ndhrwert-
Tabellen 1989/90%. 4. Auflage, Wiss. Verlagsgesellschaft Stuttgart

available
Water Rest protein | carbohydrates calcium hosphoru:
“dry matter” % Y60
% % dry matter
Sweet potato 69.2 30.8 5.3
Manioc/Tapioca 63.1 36.9 2.7
Beetroot 88.8 11.2 13.7
Potato raw/cooked 77.8 22.2 9.2
Cucumber 96.8 32 18.8
Tomato 94.2 5.8 16.4
Pumpkin 91.3 8.7 12.6
Green beans 90.3 9.7 24.6
Onion 87.6 12.4 10.1
Kohlrabi 91.6 8.4 23.1
Carrot 88.2 11.8 8.3
Chicoree 94.4 5.6 232
Squash 88.7 11.3 12.4
Radish 94.4 5.6 18.8
Aubergine 92.6 7.4 16.8
Sweet pepper 91.0 9.0 13.0
Celery stalks 92.9 7.1 16.9
Cauliflower 91.6 8.4 29.3
Chinese cabbage 95.4 4.6 25.9
Leek 89.0 11.0 20.4
Broccoli 89.7 10.3 32.0
Zucchini 92.2 7.8 20.5
Brussels sprouts 85.0 15.0 29.7
Savoy cabbage 90.0 10.0 29.5
Lettuce 95.0 5.0 25.0
Kale/Green cabbage 86.3 13.7 314
Fennel 86.0 14.0 17.4
Celery root 88.6 11.4 13.6
Girasole 78.9 21.1 11.6
Artichoke 82.5 17.5 13.7
Field salad/Lamb’s
lettuce 93.4 6.6 279
Mangold 92.2 7.8 27.3
Spinach 91.6 8.4 30.0
Parsley 81.9 18.1 24.5
Endive 94.3 5.7 30.7
*minimum

Source: Souci/Fachmann/Kraut ,,Die Zusammensetzung der Lebensmittel — Nahrwert-
Tabellen 1989/90%. 4. Auflage, Wiss. Verlagsgesellschaft Stuttgart
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Sugars and other nutrients in produce (of fruits and vegetables)

Al values expressed as g/kg wet weight, unless otherwise stated.

Fruits Vegetables
Banana Carrot

Musa acuminata Daucus caurota

104 gram sugar 45 gram sugar

Energy [Dry |NDF | ADF | Crude | Fat | Ca | P | Mg | Fe |VitA|VitE|VitC Energy [Dry |[NDF | ADF |Crude| Fat | Ca | P | Mg | Fe |VILA|VitE|VitC
My |Matter Protein RE | oTE MJ |Matter Protein RE | o-TE

34 | 234 | 288 | 66 | 133 | 124 | 004 | 027 | 028 |0002| 442 | 55 | 0.14 16 | 15 | 12| 102 | 68 | 4 | 036|029 | 012 [0004| 9170 | 55 | 002
Apple Sweet potato

Malus domestica Ipomoea batatas

86 gram sugar 32 gram sugar

Energy [Dry |NDF | ADF |Crude | Fat | Ca | P | Mg | Fe |VitA[VitE|VitC Energy [Dry |NDF | ADF | Crude | Fat | Ca | P | Mg | Fe |VitA|VitE|VitC
My Matter Protein RE | OTE MJ [Matter Protein Re | OTE
22 | 143 | 146 | 86 | 43 | 83 | 004 | 017 [ 004 [0001| 208 | 55 | 01 30 | 197 | 304 | o7 83 | 11 | 045|047 [ 015 0009|3730 | - |o026

Orange Celery

—d

Citrus x sinensis Apium graveolens

h o

56 gram sugar 14 gram sugar

Energy |[Dry [NDF | ADF | Crude | Fat | Ca | P | Mg | Fe |VitLA|VitE|VitC Energy [Dry |NDF | ADF | Crude | Fat | Ca | P | Mg | Fe |VitA|VitE |Vit.C
M Matter Protein R | ©TE MJ Matter Protein Re | ©TE

22 | 130 | 143 | 92 | 78 | 49 |035 | 022 | 01 |ooot| 40 | 55 | 05 09 | 71 [ 14| 89 | 122 | 21 |o057 | 03 | 008 [0004| 142 | 2 | 02
Kiwi Spinach

Actinidia deliciosa Spinacia oleracea

52 gram sugar 1 gram sugar
Energy [Dry |NDF | ADF |Crude | Fat | Ca | P | Mg | Fe |VitA|VtE|Vit.C Energy [Dry |NDF | ADF | Crude | Fat | Ca | P | Mg | Fe |VitLA|VitE|VitC
MJ (Matter Protein Re | OTE MJ Matter Protein Re | @TE

25 | 156 | 253 | 197 | 129 | 83 | 032 | 033 | 043 [0.003 | 314 | 55 | 065 11 | 8 | 167 | 97 | 321 | 66 | 129 | 041|026 | 005 [ 3490 | 29 | 052
Papaya Endive

Carica papaya Cichorium endivia

27 gram sugar 0 gram sugar
Energy [Dry |NDF | ADF Fat | Ca | P | Mg | Fe |VILA|VitE|VitC Energy [Dry |NDF | ADF | Crude | Fat | Ca | P | Mg | Fe |VItLA|VitE|VitC
MJ [Matter R | oTE MJ Matter Protein R | @TE
21 | 135 | 185 | 165 47 [025 [ 01 [022 o007 | 197 | - | o085 06 |62 | 1 | 89 | 13 | 2 [052|o028 |05 0008|1030 - | o007
Photos and design, Emile Prins, 2012. © VHL Animal Management / Animal Welfare Web/ E.F. Prins Contact: Tjalling Huisman

Information used from Danish Food Composition Table and Schmidt et al., (2005). Email: tjalling.huisman@wur.nl
Phone: +31-(0)58-2846311

courtesy Tjalling Huisman
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Key problem: obesity

from Hatt & Clauss (2006)




Key problem: obesity

from various internet sources and own photo




Key problem: obesity

from Clauss & Hatt (2006)



Monitoring body condition




Monitoring body condition
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Monitoring body condition
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Monitoring body condition

from Heidegger et al. (2016)
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from Heidegger et al. (2016)




Monitoring body condition

Irregular ovarian activity, body condition and behavioural differences
are associated with reproductive success in female eastern black
rhinoceros (Diceros bicornis michaeli)

Katie L. Edwards *™*, Susanne Shultz ¢, Mark Pilgrim®, Susan L. Walker"®

Body condition scores (BCS) ranged from 3.0 to 4.5, and there
were no differences in BCS according to age (Mann Whitney
U=92.500, P=0.157). However, among reproductive-age females,
nulliparous females had higher BCS than parous females (Mann
Whitney U =52.500, P=0.004),




Monitoring body condition
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Monitoring body condition

Increased inflammation and decreased insulin sensitivity indicate @cmm =
metabolic disturbances in zoo-managed compared to free-ranging black
rhinoceros (Diceros bicornis)

Mandi W. Schook *>%* David E. Wildt®, Mary Ann Raghanti““, Barbara A. Wolfe>*', Patricia M. Dennis '




Monitoring body condition

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




Ways to generate obesity

(too little exercise)

High-energy feeds
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Ways to generate obesity

(too little exercise)

High-energy feeds

Too much of medium-energy feeds
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Ways to generate obesity

(too little exercise)

High-energy feeds

Too much of medium-energy feeds
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2010 Workshop IOD in browsing rhinos
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Exasperation

Journal of Zoo and Wildlife Medicine 43(3): $92-S104, 2012
Copyright 2012 by American Association of Zoo Veterinarians

REVIEW OF LABORATORY AND NECROPSY EVIDENCE FOR IRON
STORAGE DISEASE ACQUIRED BY BROWSER RHINOCEROSES

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

Perhaps such inertia is
merely an example of Max Planck’s observation
that “A mew scientific truth does not triumph by
convincing its opponents and making them see the
light, but rather its opponents eventually die, and a
new generation grows up that is familiar with it.”*°




Policy

Hemosiderosis/ chromatosis (lron Overload Syndrome)
Serum iron a tin levels in captive black rhinoceros are significantly higher than those
measured in wild ¢ tly captured animals (Miller et al., 2012). Levels appear to increase with

time in captivity. In contrast, values for ferritin and tissue iron do not appear to be elevated in
captive white or greater Asian one-horned rhinos (Smith et al., 1995; Paglia et al., 2001). Although
hemolytic anemia, vitamin E deficiency, and hereditary disorders have all been proposed as
potential causes, it is now believed to be related to dietary factors in the captive browser species.
Hemosiderosis (tissue iron accumulation) is a common finding in multiple organs in black
rhinoceros, although inflammation and lesions associated with these changes may also be observed
(hemochromatosis). It has been suggested that high iron load may play a role in some of the black
rhino disease syndromes, although evidence is limited. A fatality in a captive Sumatran rhino was
associated with multi-organ hemochromatosis. Recommendations to minimize accumulation

and reduce iron load include low iron diets, provision of browse, therapeutic phlebotomy (regular
large-volume blood collection) and treatment with iron chelating agents in those individuals with
suspected clinical disease. Recent success with large-volume phlebotomy and low iron diets have
shown promising results in lowering elevated ferritin levels in captive black rhinos (Mylniczenko
et al,, 2012). Captive browsing rhinoceroses may be best managed in native habitat that can offer
appropriate nutrition; for instance, Sumatran rhinos appear to have fewer problems with iron
overload syndrome when managed in captive situations in range countries (D. Candra, pers.
comm.).




Policy

3 of the ISD 2010 workshop references
(published 2012) included




Policy

none of the ISD 2010 workshop
references (published 2012) included!




Policy

Could ISD be mainly a North American problem?@
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Journal of Zoo and Wildlife Medicine 43(3): S6-S18, 2012
Copyright 2012 by American Association of Zoo Veterinarians

IRON STORAGE DISORDERS IN CAPTIVE WILD MAMMALS:
THE COMPARATIVE EVIDENCE

Marcus Clauss, M.Sc., Dr. med. vet., Dipl. E.C.V.C.N., and Donald E. Paglia, M.D.

Table 1. Keporis of excessive iron storage in nondomesiic perissodactivis (lapirs and rhimos).

Species Individual casess Case serigs=s Epidemiologic surveys Apge dep=> Comparison free-range=*

Tapirs

Malayan tapir ( Tapirus indicus) {+) histo* (+) blood™ {+) blood™

Mountain tapir ( Tapirus pinchagie) {+) blood™ (-+) bload™

Baird’s tapir ( Tapirus bairdii) (+) histo* {(+) blaod™ (+) blood™ (-+) blood*™

Brazilian tapir | Tapirus lerresiris) (-+) histo== {+) histo, blood™
Rhinos

Sumatiran rhinoceros (Dicerorhinus sumaire nsis) ({+) histo™ {+) blood, tissue™"

Asian one-horned rhinoceros (Rhinoceros usicoris) {-) blood, tissue™™

White rhinoceros (Ceratotherium simum) {-) blood, tissue*>72 (-} tissue®® (=) blood=

Black rhinoceros (Diceros bicornis) {-+) blood** {+) histo® {+) histo, tissue, {+) blood, tisgue=* {-+) histe, blood,

bl{}mi}}_?]_?llt ﬁ-ga-ugm-ﬁ.ﬁ‘_ﬂ_ﬂ

* (), positive for excessive iron storage; (-), negative for excessive iron storage.
* histo, diagnosed by histology: blood, diagnosed by blood parameters; tissue, diagnosed by liver tissue fron content; age dep.. age dependence.




Black rhino ISD in Europe

Formalin-fixed and paraffin-embedded
tissues from three captive black rhinocer-
oses from Whipsnade Zoological Gardens,

U-l K-I-j
Hemosiderosis
ID no. Category* Age Times Spleen Other tissues?
26 C 3 yr F 3 yrt it L,Ly,1 -
27 C 6 yr M 6 yri + L,
28 C 8 yr M 8 yri + L, Lu K, I A




Black rhino ISD in Europe

Serum samples were obtained
from 17 captive animals. Nine of them had been captive-bred
in European zoos, six were originally wild-caught in Africa
but had lived at Port Lympne Wild Animal Park for over 25
years, and two were of unknown origin.




Black rhino ISD in Europe

HAEMOCHROMATOSIS IN THE BLACK RHINOCEROS
(DICEROS BICORNIS MICHAELI: AQUIRED OR
CONGENITAL?

M. Ruétten®, H.W. Steinmetz |, M. Clauss' and A. Pospischil®

Materials and Methods: Four African black rhinos aged 23 — 39
years from the Ziinch Zoo were subject to necropsy examination

Conclusions: The distribution of hlstnlﬂglcal lesions tﬂgf:thf'r with
the clinical data sugpests an enteric origin of excess iron, rather
than recurring haemolytic anaemia or hereditary haemochromatoss.




Black rhino ISD in Europe

Iron Overload Syndrome in the Black R
(Diceros bicornis): Microscopical Lesi
Comparison with Other Rhinoceros !

P. Olias , L. Mundhenk , M. Bothe™, A. Ochs’, A. D.
and R. Klopfleisch”

All rhinoceroses from the Berlin Zoological Garden
submitted lor necropsy examination to the Department
of Veterinary Pathology at the Freie Universitat Berlin
during the past 30 years were included in this study.
These included five African black rhinoceroses (D. bi-
cornis; animals 1—5)




Conclusion

Could ISD be mainly a North American problemye

No. There is no indication that the problem is limited
to North American facilities.

Rather, evidence suggests that the problem occured
INn 3 different European countries.

To my knowledge, these were the only countries in
which the problem was investigated.

There is no rational argument for the assumption that
this is not a general problem.




Preventative measures exist

photos courtesy Micki Corcoran DAK




... but consider:

... black rhinos in capfivity are susceptible to a range
of unusual health problems such as

- hemolytic anaemia

- rhabdomyelosis

- Ulcerative skin disease

- hepatopathy

- hemosiderosis (‘iron storage disease’)

- decreased insulin sensitivity

- iIncreased inflammation markers

- hypophosphataemia.

The only way reasonable progress will be made on
these condifions is by access to blood samples of
live animals.




Conclusion

... NO Mmatter what the reasons, evolutionary causes,
mechanisms, genetics, nutritional contributing factors
to iron storage disease or any other diseases in black

rhino ...

How can a management system not aimed af
facilitating regular blood sampling or phlebotomy via
fraining be considered responsiblee




Summary

e no grain/starch (based) products/pellets
* no fruit/ vegetables (but green leafy); browse

e someone must be knowledgable in roughage
quality (high hygienic/ low nutritional quality)

e add low-energy bulk via straw or branches

e choose pellets based on ingredients and fibre
content

e keep animal in sim/moderate body condifion (best
by using BCS monitoring)

e choose pellets with low iron content
 have iron storage disease management concept
* ensure easy access to blood







