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VWWhat do we mean by

diversity!?
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Types of diversity:

Taxic (no. of species)
Phylogenetic
Morphologic disparity
Architectural
Ecospace
Social/behavioral

Developmental

Erwin, 2008 PNAS



Taxic Diversity




Linear Growth

® Accumulation of diversity;
diversity unconstrained; can
accommodate perturbations

No feedback, exponential
growth (e.g. following mass
extinctions)
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Limited role for innovation,
ecological facilitation, etc.




Measures of Taxic Diversity

* Most studies based on Sepkoski’s
compendium of the first and last

occurrences of marine families and genera
(NOT species!)

» Recall that species are grouped into genera,
genera into families, families into
superfamilies and orders, etc.
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Phanerozoic Marine Diversity

A. NUMBER OF FAMILIES

"Paleozoic plateau"
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B. NUMBER OF GENERA

Valley and Ridge
(or Basin and Range)
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Cambrian Fauna

4. Monoplacophora

1. Trilobita 2. Inarticulata 3. Hyolitha 5. Eocrinoidea

11. Stenolocemata {2. Stelleroida

7. Crinoidea 9. Ostracoda 13. Graptolithina

21. Osteichthyes

16. Malacostraca 22. Chondrichthyes 24. Mammalia

15. Gastropoda ‘f‘ ¥ 1
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18. Demospongia  19. Rhizopodea 20. Echinoidea

{7. Gymnolaemata

200
Sepkoski, 1984 Geologic Time (10° yrs)
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Coupled Logistic Growth

A. NUMBER OF FAMILIES

® Fach Evolutionary Fauna
has an individual carrying
capacity that responds to
MODERN FAUNA major. envi ronmental
.A/‘/“-L“w .
/- e perturbations (mass

| cam [orda [s] o [m]pn]er]7e] sur | cret Tr N extinctions)

B. SIMULATED NUMBER OF FAMILIES . .
Requires ecological

saturation in marine
communities and
persistent carrying
capacities

Sepkoski Paleobiology, 1984




Generalized Logistic Growth
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Sole et al, in review




Patterns of Growth
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Problems with Logistic Growth

Carrying
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dN/dT = r N (1-N/K)

Logistic growth 1s a feature
of population growth

Requires ecological
saturation/density
dependent effects

Yet carrying capacity varies
with environment and
available adaptations

Carrying capacity 1s an
exogenous variable

Is the concept meaningtul
over evolutionary time?




GENERA

Exponential Diversification

EXPONENTIAL SIMULATION
(DIVERSITY AT BOUNDARIES)
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Stanley 2007 Paleobiology

Diversity unconstrained;
reset by environmental
perturbations, which lead
to rapid diversity increases

Inconsistent with

standardized sampling of
PDBD (Alroy et al. 2008).




Constrained Diversification
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Alroy et al. Science 2008

Apparent high modern
diversity is a sampling
artifact

Diversity appears
constrained, with Neogene
diversity only |.7x median
Paleozoic diversity

Constraint could be due to
carrying capacity, global
energy limitation and/or
increased metabolic rate




Does competition drive adaptive
improvements, specialization and
niche subdivision?

ARTHROPODA

Sepkoski 1985




Diversity is Structured:

Convergence between Mesozoic
and Modern Mammals

Semiaquatic-swimming
Carnivore
J _ Omnivore

Ecomorphs Terrestrial-generalized
Dietary patterns Insectivore
Omnivore | b
Herbivore

Crab-eating
A seal /
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Short-tailed

opposum Beaver

Early Cretaceous

Yanoconodon
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Carnivore
Scavenging

10 kg
Repenomamus

upto 500 g
Sinoconodon

Fossorial-digging
Feeding
Colonial

Insects

Fruitafossor

Scansorial-climbing
Insectivore
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Insectivore
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Luo 2007 Nature




Phytolithes

Stromberg 2005
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Macroevolutionary Lags

Radiom

Epoch date (Ma) Colorado Nebraska/Wyoming Montana/ldaho
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Discovery: Adaptive Radiation of Hawaian spiders
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T. kaualensis Ka

T. polychromata Oa
T. tantalus Oa

T. brevignatha Ha
T. brevignatha Ma
T. macracantha Ma
T. waikamoi Ma

T. kamakou Ma

T. restricta Ma

T. restricta Ha

T. quasimodo Ha
T. quasimodo Ma
T. quasimodo Oa
T. anuenue Ha

T. kukuiki Oa

T. kukuhaa Ha

T. obscura Ha

T. kikokiko Ma

T. hawaiiensis Oa
T. hawaiiensis Ha

T. pilosa Ka

| T. perreirai Oa

57 @99
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Key to Ecomorphs
BB "Green" B '"Large Brown" [l Ambiguous
B "Maroon" “Small Brown" [ Outgroup

Gillespie, Science 2004
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The Cone of Increasing Diversity

Decimation and Diversification

1.17. The false but still conventional iconography of the cone of increasing
diversity, and the revised model of diversification and decimation, suggested
by the proper reconstruction of the Burgess Shale.
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Wesley-Hunt 2005 after Foote 1993




Developmental Diversity




regulatory state

differentiation
structure

CRM Loss

1 lose expression
of whole battery

2 lose expression
of whole battery

3 lose expression
of differentiation gene

CRM Loss

1 lose development
of structure

2 lose stabilization
of state; development
starts, fades out

3 lose structure

CRM Redeployment

1 battery expressed in
a new developmental domain

2 lose expression
of whole battery

3 redeploy gene

CRM Redeployment

1 can lose subcircuit to be

expressed adjacent to new
domain and signal expression

2 |ose stabilization of state:
development starts, fades out

3 produce structure in
another location




initial specification
of lineages

lock down

activate further
differentiation
drivers

differentiation
genes
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signalling
among
genes

inductive
signals




Endomesoderm Specification to 30 Hours
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Sea Urchin endomesoderm GRN




| ool shape,
adhesion,
oytoskeletal
gam

oal, oyde,
gowth

oall shepe,
adhesion,
oyloskelety
gene

. v oall, oyde,
Kernel formation Gene battery regulator subunit gmxr’.

Intercalation of % ;
regional regulatory —=
state circuits | Canalization of body

part progenitor fields

Differentiated cell types
Metazoa lacking complex 3D morphology

with functionally diverse cells

Proto-body parts
Morphological structures on which gene
batteries are deployed

Arendt 2006 after Davidson 2006




Architectural Diversity




How do positive feedback processes
influence diversity!?

® Niche Construction: activities of organisms that
influence their environment, often through
ecological inheritance and thus affect the
fitness of the population

Ecosystem Engineering: modifications to the
environment by a species that affects
resource availability, either for itself or for
other species










Ecosystem Engineering &
Niche Construction

Paleozoic Mesozoic |Cenozoic
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Escalation of predatory behavior and defenses

Bioturbation
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Erwin, 2008 TREE




Are these different measures of
diversity congruent?

e If so, then one (taxa) serves as an easy
Proxy.

e In fact, we already know that taxic diversity
1S not a proxy for morphological disparity,
and 1n general 1t appears that we need

independent proxies for each aspect of
diversity




What role does innovation play in the
history of diversity?
FLach model has different implications for innovation

* Coupled logistic: constrained diversity within each
EF; major innovations between faunas

* Constrained diversification: adaptations,
occasional innovation but overall constraint

* Expanding diversity: continual expansion
* Exponential increase: major innovations fixed
following mass extinctions
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The Universe of

Developmental Genetic
constraint Constraint

Class Il

Pheontypic Pattern

Natural Evolutionary Constraint Selection

Class | _
Functional Architectural/

Coupling Structural constraint

Historical Contingency

Schwenk 1995



Causes of Increased Diversity
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Niche subdivision?

Change 1n
environmental
conditions?

Increased nutrient
availability?

Adaptations providing
access to new
resources?




