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Evolutionary sequences:

narratives using physiological
and life history characteristics




Application: large herbivore diversity through time

Equids, Camelids, Pecora:
- Higher feeding efficiency due to higher digestibility (parficle
size reduction) in ruminants
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Application: large herbivore diversity through time
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Figure 3 Body size distribution of browsing Miocene equids and ruminants. Key to ungulate taxa:
A. Color of taxon: Striped horses=Mesohippines; white horses=Anchitherines; spotted horses=Hypohippines;
black artiodactyls=Pecorans; cross-hatched artiodactyls=Tylopods.
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Application: ruminant diversity through time

Tragulids and Pecora:
- Higher feeding efficiency due to the omasum in Pecora

(should allow higher fluid throughput — harvest of
forestomach bacteria; less strain on acid/enzyme
production in abomasum)

from Clauss & Rdssner (subm.)



Application: ruminant diversity through time

Tragulids and Pecora:
- Higher feeding efficiency due to the omasum in Pecora
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- Shorter gestation periods in non-giraffid Pecora vs. Giraffids
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Application: ruminant diversity through time -

Africa
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Application: ruminant diversity through time -
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Application: ruminant diversity through time -
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Application: ruminant diversity through time -
Eurasia

similar niche breadth (mesowear,
microwear, hypsodonty) important for
the argument of ‘increased fitness’
key innovations




Evolutionary constraints:

examples of (digestive)
physiology




Evolutionary constraints — perspectives

Absolute (extrinsic or intrinsic) constraints (like
environmental or developmental/ Bauplan
constraints)
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Evolutionary constraints — perspectives

Absolute (extrinsic or intrinsic) constraints (like
environmental or developmental/ Bauplan
constraints)

Relative (competition) constraints —
(competition with other species prevents
evolutionary spread in other niches)

45 -

39 -

Trait

19 -

05 -

25 -

State 2

Absolute limit
]

4,5

39 -

2,9 -

1,5 -

09 -

Relative limit




Faecal particle size allometry in

herbivores
100 7 6 Mammals 016

= B Birds y = 7.1x"
é A Reptiles L AA
- O Ostrich gizzard O
v 10 - A A o o O
N e
Q O
O
£ y = 0.5x>%
o 1 -
C
O
(D)
>

0 .

0.001 0.01 0.1 1 10 100 1000 10000

Body mass (kg)

(Fritz et al. 209, 2010, 2011)



Extrapolating to sauropods
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Sauropods

Absence of mastication apparatus (no grinding
teeth, no cheeks) and absence of gastric mill
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General allomeftric considerations

At a certain body mass, ingesta particle size will only
depend on plant morphology
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Foraging time and body size
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Clues tothe functions of mammalian slee
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Chewing limits body size

Chewing constrains the time available for
feeding and therefore ultimately limifs the
body size of chewers.

Feeding time (in % day) = 19 Body mass? !/

from app. 18 fons onwards, herbivores would have
to feed more than 24 hours per day!

from Owen-Smith (1988)



The “Functional Response”

o018 . o.18

Chewing = food
processing is a
rate-limiting step

=> at a certain
amount of food

on offer, intake s
rate cannot :
increase due to :
chewing

from Gross et al. (1993)
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Feeding fime and body size

Intake per time

Intake rate constrained by mastication

biomass per bite volume




Feeding fime and body size

Intake per time

Ornithischians

biomass per bite volume




Sizing up herbivores
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Sizing up herbivores

e Sauropods were the largest terrestrial
animals (and herbivores) ever

B
e 3

_

1000 10000 100000
Korpermasse (kg)



Sizing up herbivores

e Sauropods were the largest terrestrial
animals (and herbivores) ever

™
e 3

_

1000 10000 100000
Korpermasse (kg)



Sauropods

Absence of mastication is considered a “permissive
factor” for sauropod gigantism
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from Sander & Clauss (2008)




Digestive and Metabolic Strategies

Low intake

= |long passage v V4
= low
metabolsim

High intake

= differentiated / ><
passage

= high
metabolism
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Methane allomeftry in herbivores
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from Franz et al. (2010)
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Methane allomeftry in herbivores
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Methane allomeftry in herbivores

1000 = Ruminants
Camelid
Equids
100 Elephant
—~ . Wallaby
2 || m Hyrax
= 10 yre>
O O Rabbit
S B Guinea pig
S 1
)
>

ST
RIEET:

0-01 Ll ! L] | 1 LI | 1 LI | 1 LEBELENLEL L] | 1 rrrrrrmn

0.1 1 10 100 1000 10000
Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

1000 = Ruminants
Camelid
Equids
100 Elephant
—~ 1| B Wallaby
2 || m Hyrax
= 10 yre>
O O Rabbit
S B Guinea pig
-
5 1 '1
Z __

ST
RIET:

0-01 Ll ! L] | 1 LI | 1 LI | 1 LEBELENLEL L] | 1 rrrrrrmn

0.1 1 10 100 1000 10000
Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

Ruminants
Camelid

1| ® Equids #
100 Elephant =

B Wallaby

B Hyrax O h

O Rabbit
B Guinea pig

1 l%

ST
RIET:

1000 3

|
o
|

Methane (l/d)

0-01 Ll ! L] | 1 LI | 1 LI | 1 LEBELENLEL L] | 1 rrrrrrmn

0.1 1 10 100 1000 10000
Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

1000 = Ruminants -
: Camelid @
|| ® Equids #
100 O Elephant mE

= 1| ® Wallaby g =

~ H Hyrax O

=z 10 . O

O O Rabbit

S B Guinea pig

g 1 "

Z __

ST
RIET:

0-01 Ll ! L] | 1 LI | 1 LI | 1 LEBELENLEL L] | 1 rrrrrrmn

0.1 1 10 100 1000 10000
Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

1000 = Ruminants Ll
j| Camelid m
|| ®Equids
100 1| O Elephant
= 1| ® Wallaby
S o | 2o Al
O O Rabbit
S B Guinea pig
S 1
0]
Z ~
. af
1 Di
0-01 L Ll mrrrrrnm Ll mrrrrin Ll rmrrrrrrg Ll rmrrrrrrj L] rmrrrrrn
0.1 1 10 100 1000 10000

Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

1000 = © Ruminants Ll
3| © Camelid @
|| ®Equids
100 1| O Elephant
= 1| ® Wallaby
S 104 ®Hyrx
O O Rabbit
S B Guinea pig
S 1
0]
Z ~
. af
1 Di
0-01 L Ll mrrrrrnm Ll mrrrrin Ll rmrrrrrrg Ll rmrrrrrrj L] rmrrrrrn
0.1 1 10 100 1000 10000

Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

© Ruminants
O Camelid

B Equids , -
100 = [0 Elephant ‘
1| = wallaby
B Hyrax
O Rabbit
B Guinea pig

1000 3

-t
o

Methane (l/d)

0.1 "%

0-01 Ll ! L] | 1 LI | 1 LI | 1 LEBELENLEL L] | 1 rrrrrrmn

0.1 1 10 100 1000 10000
Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

© Ruminants

O Camelid y = 0.63x"%° m
B Equids , -

1000 3

100 = [0 Elephant

B Wallaby

B Hyrax

O Rabbit

B Guinea pig

-t
o

Methane (l/d)

0.1 "%

0-01 Ll ! L] | 1 LI | 1 LI | 1 LEBELENLEL L] | 1 rrrrrrmn

0.1 1 10 100 1000 10000
Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

100 1 .
. O Ruminants
W Equids
[ Rabbits
- B Guinea pigs
U.: 'IOE
> - O
)
c "
g ‘.L./-/Jr
5 ﬂ
o K
0.1 Ll Ll mrrrrry Ll Ll rmrrrrrg Ll Ll mrrrrry Ll Ll mrrrrr
0.1 1 10 100 1000

Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

100 - .
] © Ruminants
M Equids '
O Rabbits ‘ Q
- B Guineapigs |7 TS T @ % a0 T
w 10 O o4
9
o - O
Q
cC =
5 ‘.L./-/Jr
5 "
o K
0.1 Ll Ll rmrrrriy LI LI T rrrrg LI LI rmrrrrig LI LI T rrri]
0.1 1 10 100 1000

Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

100 1 .
11 © Ruminants
B Equids
O Rabbits
- B Guinea pigs
a '0;
§ -
)
c
©
S
s 13
0-1 Ll Ll LI BN | Ll Ll LI BRI | Ll Ll LI BN | Ll Ll LENLER B LR | Ll LI rrrrrr
0.1 1 10 100 1000 10000

Body mass (kg)

from Franz et al. (2010)



Methane allomeftry in herbivores

100 1 .
3| © Ruminants
B Equids
[ Rabbits
. B Guinea pigs
a '0;
§ -
)
c
©
S
s 1
0.1 Ll LI L) | Ll LI L) | Ll rmrrrrr Ll LI L) | Ll LI L) | Ll rmrrrrim
0.1 1 10 100 000 10000 100000

Body mass (kg)

from Franz et al. (2010)



Ruminant feeding ty

OES

CONCENTRATE SELECTORS

INTERMEDIATE TYPES

GRASS / ROUGHAGE EATE

Dikdik

Red
Duiker
Ry w;

Gerenuk

Impala

African buffalo

Thomsen Gazelle

Steenbok

> ‘.&'\ﬁlﬂbr
Waterbuck

Mountain Reedbuck

from Hofmann (1989)




‘cattle-type’ (grazer?)

from Clauss, Hume=& Hummel (2010)



‘cattle-type’ (grazere/universalist)

from Clauss, Hume=& Hummel (2010)



High concentrations of
salivary tannin-binding
proteins make saliva
viscous and limit saliva
production:

Defence against
secondary plant
compounds

from Clauss, Hume & Hummel (2010)



Large amounts of low-
viscosity saliva increase
‘harvest’ of bacteria from
forestomach (but
defence against
secondary plant
compounds is
compromised)

High concentrations of
salivary tannin-binding
proteins make saliva
viscous and limit saliva
production:

Defence against
secondary plant
compounds

from Clauss, Hume & Hummel (2010)
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Evolutionary Constraints

....are important to explain species
diversity and species distribution.




