MOoglichst viel und sofort — oder wenig stefige

Lebenszyklus-Strategien bel
SAugetieren

Marcus Clauss

ZUrich, Biologie und Erkrankungen der Wildtiere 2018

University of

Zurich™ N /. f Zoo Animals, Exotic Pets and Wildlife



Mammal life history

A principle of evolutionary theory

Life history and the slow-fast continuum
Evolution of life history strategies

A set of fradeoffs

Evolutionary theory and Creationism

meet the Red Queen and the Court Jester

A new view of life history evolution




A principle of evolutionary
theory: adaptation




A principle of evolutionary theory

" There is little or no (... the renal papilla is highly D
development of the renal developed in species native to arid
papilla in freshwater aquatic habitats, so much so that it often
species. However,... penetrates well into the ureter.
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Aquatic species Mesic species Arid species
Aquatic mole European hedgehog Elephant shrew
(Desmana moschata) (Erinaceus europacus) (Macroscelides sp.)
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from Hill et al. (2004)



Two basic modes of adaptation

Aquatic species Mesic species

.
Ecological Ecological
opportunity challenge
- reduction (saving) - addition (cost)

high efficiency that is
often not able fo use
high resource
availability
competitively
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Mammal life history

The Fast-Slow Continuum in Mammalian Life Hi
An Empirical Reevaluation

J. Bielby,"*" G. M. Mace,”" O. R. P. Bininda-Emonds,** M. Cardillo,"* J. L. Gittleman,*! K. E. Jones,*"
C. D. L. Orme,”"" and A. Purvis"'

VOL. 169, NO. 6 THE AMERICAN NATURALIST JUNE 2007




Mammal life history

‘fast’ Pace of Life ‘slow’
High Metabolism Low
Short Times Long

(gestation, longevity, growth,
time to 15t reproduction)
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Mammal life history
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Hypothetical litetime offspring
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Mammal life history
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Interpreting scaling

Morphological, physiological and life history variables

scale.
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The question is:

What factors influence the
scatter of the data?

The underlying fundamental
question is:

What are the causes (and
patterns) of diversity?
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Interpreting scaling

Morphological, physiological and life history variables

scale.
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Traditional approach:
Deviations from the regression
line are interpreted as
adaptations (e.g. to specific
resources or habitats).
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Interpreting scaling

Morphological, physiological and life history variables

scale.

Spegific
nichelwher

Specific
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Traditional approach:
Deviations from the regression
line are interpreted as
adaptations (e.g. to specific
resources or habitats).

low relative
y is
adaptive.




Life history scaling

A lifestyle view of life-history evolution

F. Stephen Dobson*
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Effects of body size
evolution of mamm.

Richard M. Sibly*** and James H. Brown*sT
PNAS | November 6,2007 | vol. 104 | no.45 | 17707-17712

14 @ Artiodactyla
A Carnivora
W Cetacea
Chiroptera
@ Insectivora
» Lagomorpha
Macroscelides

@ Pholidota







Tradeoffs




Tradeoffs

Life history differences among the eutherian radiatio

A. F. REaD AND P. H. HARVEY
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Gestation — Neonate mass tradeoft




Evolutionary theory,
Creationism,
the Red Queen
olgle
the Court Jester




Tradeoffs: fixed laws ¢
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Tradeoffs: fixed laws ¢







J. Dairy Sci. 89:1280-1291
© American Dairy Science Association, 20086.

Major Advances in Nutrition: Re
of the Dairy Industry

M. J. VandeHaar*' and N. St-Pierret
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Energy per km

You would not consider
the overall pattern a fixed
law, but consider it with
respect to technical
progress.



Energy per km

Time per offspring

e
.”
-
-
-
-
- —
. ———
—— -

—

-
-
'
-

N

You would not consider
the overall pattern a fixed
law, but consider it with
respect to technical
progress.

Why would you consider
this a pattern due to fixed
life history tradeoff lawse



Energy per km

Time per offspring

You would not consider
the overall pattern a fixed
law, but consider it with
respect to technical
progress.

Why would you consider
this a pattern due to fixed
life history tradeoff laws,
and not rather a
snapshot in a process of
opftimization?



Many evolutionary biologists abhor the
concept of ‘progress’.
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Understanding of directionality
was akin to Lamarck's concept
of linear progress up life's
ladder, and ever since the
many evils of social Darwinism
were recoghized and
abandoned, evolutionary
biologists have been exfremely
cautious about considering
evolutionary progress of any
sort.




Stephen Gould

... my favourite theme that Darwinian
evolution cannot be read as a theory of
progress, but only as a mechanism for
building better adaptation to changing local
environments - and that the equation of
evolution with progress represents our
strongest cultural impediment to a proper
understanding of evolution

Our failure to find any clear vector of [...]
accumulating progress [...] represents our
greatest dilemma for a study of patterns in
life's history.
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‘Evolutionary progress’ — directional evolution




‘Evolutionary progress’ — directional evolution

reverse as to contmue the previous one. But in fact consistent d |
1se the environment of any one evolvin, mmmmp
s, Above all it is because adaptatlons in one lineage call forth

ounter-ada.ptatlona in others, setting in motion the unstable evolutionary
progressions we call arms races.
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‘Evolutionary progress’ — directional evolution




'Arms races’ do not only occur befween
predator and prey.




= YOUR LIFE

You don’'t have to outrun the bear—
you just have to outrun the other campers.

lifetips

You don’t need to run

faster than the bear,

you just need to run

faster than the other

guy running from the
bear
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Competition for limited resources

Offspring size
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Competition for limited resources
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Competition for limited resources
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Competition for limited resources
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Interpreting scaling

Are scaling relationships 'laws’ around which
adaptation works?




Interpreting scaling

Is there a systematic phylogenetic structure in the

dataset?e

T

More recently radiated taxa
have a lowery. Is evolution
‘directed’ towards low y¢




Interpreting scaling

Is there a systematic phylogenetic structure in the
datasete
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Interpreting scaling

Is there a systematic phylogenetic structure in the
datasete
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Interpreting scaling

Is there a systematic phylogenetic structure in the
datasete
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Interpreting scaling: snapshots

Is there a systematic phylogenetic structure in the
datasete
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In this scenario, the scaling is a
snapshot in evolutionary time.
The scaling would have been
different at different moments in
evolutionary fime (depending
on extinction and radiation
events)
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Darwinian evolution is a set of rules where the
one consfant (demographic) selective
pressure is to oufreproduce competitors.

In the presence of competitors, Darwinian
selecetion should always go in the of
a ‘Darwinian Demon’.



Darwinian demon

An organism that starts reproducing directly after birth, producing a
large number of surviving offspring at extreme speed without ever

dying.
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Are condifions stable enough so that the
direction of a Darwinian Demon is always the
samese

- - -




The Red Queen and the Court Jester:

Species Diversity and the Role of Biotic
and Abiotic Factors Through Time

Michael ). Benton '

FEBRUARY 2009 VOL 323 SCIENCE




The Court Jester's pendulum




The Court Jester's pendulum




The Court Jester's pendulum




The Court Jester's pendulum




Assessing
‘direction’/ /escalafion/progress

N life history

using the PanTheria dataset
(Jones et al. 2009)




Eutherian superorder assessment

The eutherian superorders of Afrotheria and Xenarthra are not
particularly speciose and could serve as a test case for clades
that produced low extant diversity.




A clear picture for gestation length?¢
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A clear picture for gestation length?¢
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A clear picture for gestation length?¢
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A clear picture for gestation length?¢

sestation length (d)

terrestrial, no large h



A clear picture for lifefime offspring outpute
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A clear picture for lifefime offspring outpute
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A clear picture for lifefime offspring outpute

L]
L
6 -
.b: .o ._U'i“ &
a% 3 ‘ .
&. . a" . I
» r"'!m__!- b e *
*% b § - e .
ad 25{ e ’T° i ..t'.r -_.
et IO - 1
f .'i o ' .__ s @
» ¥ o® " 5 g
ofe . ° ‘
't | -2

terrestrial, no bats/prim



A clear picture for lifefime offspring outpute
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A clear picture for lifefime offspring outpute
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Niche-specific assessment

Because niche space is less diverse at larger body sizes, large
herbivores may be a particularly fruitful area of research for
‘directed evolution’.
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Niche-specific assessment

Because niche space is less diverse at larger body sizes, large
herbivores may be a particularly fruitful area of research for
‘directed evolution’.




No clear picture for neonate mass




A clear picture for gestation length




A clear picture for intrauterine growth
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A clear picture for lifetime offspring production




Summary, Conclusions & Qutlook

Rather than understanding tradeoffs along the fast-slow
continuum as fixed physical laws, they can be considered as
representing the efficiency of the organisms from which the
data was taken — and that efficiency may evolve.
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Rather than understanding tfradeoffs along the fast-slow
contfinuum as fixed physical laws, they can be considered as
representing the efficiency of the organisms from which the
data was taken — and that efficiency may evolve.

Within the boundaries of a specific niche, species possibly
compete by demographic means: by evolving a faster
reproduction.

Life history characteristics appear to be linked to taxonomic

groups. -
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The inferesting question ...

... what allowed the remaining extant species of the
‘slower’ taxa to survivee




Summary, Conclusions & Outlook

Rather than understanding tfradeoffs along the fast-slow
contfinuum as fixed physical laws, they can be considered as
representing the efficiency of the organisms from which the
data was taken — and that efficiency may evolve.

Within the boundaries of a specific niche, species possibly
compete by demographic means: by evolving a faster
reproduction.

Life history characteristics appear to be linked to taxonomic
groups.

We would predict that during earth history, ‘faster’ species were
not replaced by ‘slower’ species.



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.




MODELLING EQUID/RUMINANT COMPETITION IN

THE FOSSIL RECORD
CHRISTINE M. JANIS!, TAIN J. GORDON? and ANDREW W. ILLIUS?
flisrorical Biology, 1994, Vol. 8, pp. 15-29

from Janis et al. (1994)



Summary, Conclusions & Outlook

Rather than understanding tfradeoffs along the fast-slow
contfinuum as fixed physical laws, they can be considered as
representing the efficiency of the organisms from which the
data was taken — and that efficiency may evolve.

Within the boundaries of a specific niche, species possibly
compete by demographic means: by evolving a faster
reproduction.

Life history characteristics appear to be linked to taxonomic
groups.

We would predict that during geological history, ‘faster’ species
were not replaced by ‘slower’ species.

The physiological means by which species differ in their life
history are not well explored.



By what means do cattle achieve faster intrauterine
growth than horses?




thank you for your attention
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