Tannins In the nutrition of wild
herbivores




Tannins are feeding deterrents.

They occur in browse (leaves).

They deter feeding by reducing
digestive efficiency and by
toxicity.



Mortalities in kudu (Tragelapbus strepsiceros)
populations related to chemical defence in trees
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Figure 6. A summary of actions, effects, and counter-adaptations of plant secondary metabolites (PSM)
in mammalian herbivores.

from Foley et al. (1999)
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Trees can communicate
with each other




Condensed tannin as anti-defoliate agent against
browsing by giraffe (Giraffa camelopardalis) in the
Kruger National Park

D. Furstenburg and W. van Hoven
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Ecological Studies

Duiker do not seem to avoid tannins Miuller et al. (1998)
Duiker do not avoid tannins Faurie and Perrin (1993)
Roe deer do not avoid tannins Tixieretal. (1997)
Muledeerandb lack -taileddeer ~ do not avoid tannins McArthuretal. (1993)

Greater kudu avoid tannins
Giraffe avoid tannins
Impala avoid tannins
Goat avoid tannins
Cattle avoid tannins

Cooperand Owen -Smith (1985), Cooperetal.  (1988)
Furstenburg and van Hoven (1994)

Cooperand Owen -Smith (1985) , Cooper et al. (1988)
Cooperand Owen -Smith (1985)

Wilkinsetal. (1953), Donnelly (1954)

African buffalo avoid tannins Field (1976)

Mouse lemur avoid tannins Ganzhom (1988)

Greater dwarf lemur do not avoid tannins Ganzhom (1988)

Brown lemur do not avoid tannins Ganzhorn (1988)

Eastern woolly lemur do not avoid tannins Ganzhom et al. (1985)

Indri do not avoid tannins Ganzhom (1988)

Howler monkey avoid tannins Glander (1981)

Marmosets avoid tannins Simmen (1994)

Vervet monkey avoid tannins Wrangham and Waterman (1981)
Rhesus monkey avoid tannins Marksetal. (1987)

Baboons avoid phenolics Barton and Whiten (1994)
Guereza avoid tannins Oatesetal. (1977)

Black colobus monkey avoid tannins McKeyetal. (1981)

Orangutan avoid tannins Leighton (1993)

Gorilla do not avoid tannins Calvert 1985

Chimpanzees avoid tannins Wrangham and Waterman (1983)
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%‘ﬁs' Evolutionary steps of ecophysiological adaptation
and diversification of ruminants:
a comparative view of their digestive system ***
R.R. Hofmann
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Salivary tannin-binding proteins

Species

Source

Swamp wallab ies (W bicolor )
Pademelon ( Thylogale thetis )

Humans ( Homo sapiens )

Mouse (Mus musculus )
Rat ( Rattus norvegicus )

Root vole ( Microtus oeconomus )
Beaver ( Castor canadensis )

Pika ( Ochotona princeps )

Rabbit ( Oryctolagus ¢ uniculus )
Mountain hare

Hare (Lepus timidus )

Black bear ( Ursus americanus )

Camel ( Camelus dromedarius )

Roe deer ( Capreolus capreolus )

White -tailed deer ( Odocoileus virginianus )

Mule deer ( Odocoileus hemionus )
Moose (Alces alces )

McArthur et al. (1995)
McArthur et al. (1995)

McArthur et al. (1995), Charltonetal.  (1996), Bacon and Rhoades (1998)

Mehansho et al. (1985), Asquith etal. ( 1985)
Mehansho et al. (1983), Jansman et al. (1994)
Juntheikki et al. (1996)

Hagerman and Robbins (1993)
Dearing (1997)

Mole et al. (1990)
McArthur et al. (1995)
Mole etal. (1990)

Hagerman and Robbins (1993)

Schmidt -Witty etal. (1994)

Fickel etal. (1998)

Robbins et al. (1987b), Mole et al. (1990)

Austin et al. (1989), Robbins etal.  (1987b), Hager man and Robbins (1993)
Hagerman and Robbins (1993), Juntheikki (1996)




60
H
w50 -
=
= _
5 £407 N
: 2 m
Q8% a0 M
=g E M B HE 1 White Rhino
£ u
S 20
~ O 11
QP l|!=| m Black Rhino
o
iy L]
< 101 L L
0 I I I I I I I
0 5 10 15 20 25 30 35 40
TBC
(50 pug/ml , hydrolyzable tannins; % of maximum)

from Clauss et al. (subm.)




Salivary tannin-binding proteins in black rhinos

(50 ng/ml , hydrolyzable tannins; % of maximum)
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Tannin chemistry in relation to digestion

ANN E. HAGERMAN, CHARLES T. ROBBINS, YOHAN WEERASURIYA, THOMAS C, WIL-
SON, CLARE MCARTHUR
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VAB!ATIGN IN MAMM&LIAN PHYSIOLOGICAL RESPONSES TO A
CONDENSED TANNIN AND ITS ECOLOGICAL IMPLICATIONS

C. T. RoBeins, A. E. HAGERMAN, P. J. AUSTIN, C. McCARTHUR, AND T. A. HANLEY
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Tannins can function as
antioxidants.

Phenolic substance can be absorbed from the gut
and support other antioxidants within the body.

Even if not absorbed, phenolic substances can
protect other antioxidnts from being oxidized in
the gut and thereby increase their availability.



Black rhino feeding trials
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from Clauss et al. (in prep.)



In several captive animal species, low antioxidant
status has been reported.

Roe deer have been suspected to be dependent
on vitamin C intake in captivity. Enteritic disorders
In roe deer have been cured by high dosages of
vitamin C alone.



Tannins prevent bloat.




Do foregut-fermenting
arboreal folivores
depend on tannins to
prevent bloat and control
Intestinal bacteria and
parasites?



Tannins have anthelmintic
properties.




Antiparasitic Effect of Tannins

tannin-containing

browse

low fecal
egg count

from Kabasa et al. (1999)

tannin-containing
browse +
tannin-inactivating
PEG

high fecal
egg count



Tannins have antibacterial
properties against a wide range
of bacteria, including potential
gastrointestinal pathogens.




Causes of Mortality in 30 Roe Deer (Capreolus capreolus)
at the Field Research Station Niederfinow

Other
17 %

Physical Damage
20 %

Enteritis
63 %



Causes of Mortality in 131 Moose (Alces alces)
in German Zoos & Wildlife Parks

Bladder Tumor
5%

Wasting-Syndrome-
Complex
47 %

Other Infections
8%

Malignant Catarrhal
Fever
12 %

Intraspecific
Aggression
13 %



Are browsing ruminants
dependent on phenolic
plant substances for
their antioxidant supply
and/or intestinal parasite
and bacteria control?




If so, by what mechanisms did grazing ruminants
become independent of phenolic plant substances?
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Tannins reduce the availability of
dietary iron.




Pathogenesis of Hemosiderosis in
 Lemurs: Role of Dietary Iron, Tannin, and
Ascorbic Acid

Lucy H. Speiman, Kent G. Osborn, and Marilyn P. Anderson

Department of Pathology, Center for Reproduction of Endangered Species, Zoological
Society of San Diego, San Diego, California

‘Zoo Biology 8:239-251 (1989)



ROLE OF CHRONIC IRON OVERLOAD IN MULTIPLE DISORDERS OF CAPTIVE
BLACK RHINOCEROSES (Diceros bicornis)

Donald E. Paglia, MD'* and Pam Dennis, DVM?

- 'Hematology Research Laboratory, Department of Pathology & Laboratory Medicine, UCLA School of
Medicine, 10833 LeConte Avenue, Los Angeles CA 90095-1732 USA; *Department of Wildlife and
Zoological Medicine, University of Florida College of Veterinary Medicine, PO Box 100126, Gainesville
FL 32610 USA



Did some hindgut-fermenting
browsers develop especially
effective iron absorption
mechanisms to compensate
for the chelating effects of
dietary tannins?

'L




Is there a tannin “requirement”
for certain species?




What’s in a (free-ranging) roe deer’s diet?
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ROE DEER CHOOSE TO INCLUDE SMALL AMOUNTS OF
TANNINS IN THEIR DIET

Hélene VERHEYDEN-TIXIER', Patrick DUNCAN? and Nadine GUILLON?



Roe deer preference trials

from Clauss et al. (2003)



Roe deer preference trials
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Roe deer preference trials
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Roe deer preference trials
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Roe deer preference trials
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Giraffe preference trials
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Giraffe preference trials
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Giraffe preference trials
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Giraffe preference trials
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Giraffe preference trials
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Roe deer feeding trials




Roe deer feeding trials

from Clauss et al. (2003)



Roe deer feeding trials

pelleted
diet

from Clauss et al. (2003)



Roe deer feeding trials
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Roe deer feeding trials
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Roe deer feeding trials
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Low levels of dietary tannins can
prevent protein/carbohydrate
degradation in the forestomach,
thus enhancing their nutritive
value for ruminants.

In sheep, Kaitho et al. (1998) even reported weight
gains due to the use of tannins.



Conclusions?

* Low levels of tannins might be beneficial for
many captive wild animals (based on
theoretical considerations)

* Many potentially tannin-related problems in
captivity could possibly be solved bya  more
restricted use of concentrate feeds, by an
Increase in fibre content, by controlled  mineral
levels

* As always: more research needed ...



end of session




