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* Brachiopods common and diverse before 200 Million years ago
* Bivalves now common and diverse




Gould & Calloway 1980 Clams and brachiopods - ships that pass in
the night. Paleobiology

e Brachiopods
e Clams

200 100
after Gould & Calloway (1980)




Miller & Sepkoski 1988. Modeling bivalve diversification:
the effect of interaction on a macroevolutionary system.

Paleobiology

Aberhan, Kiessling & Fursich 2006. Testing the role of
biological interactions in the evolution of mid-Mesozoic
marine benthic ecosystems. Paleobiology

Payne, Heim, Knope & McClain 2014. Metabolic dominance
of bivalves predates brachiopod diversity decline by more
than 150 million years. Proc Royal Soc B




Miller & Sepkoski 1988. Modeling bivalve diversification:
the effect of interaction on a macroevolutionary system.
Paleobiology -bivalve interspecific competition and mass
extinction important

Aberhan, Kiessling & Fursich 2006. Testing the role of
biological interactions in the evolution of mid-Mesozoic
marine benthic ecosystems. Paleobiology - predation
important for brachiopod decline

Payne, Heim, Knope & McClain 2014. Metabolic dominance
of bivalves predates brachiopod diversity decline by more
than 150 million years. Proc Royal Soc B — brachiopods were
just never good enough




Do clade-clade interactions influence
macroevolutionary processes?
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of the completeness Problem 1 — sampling bias
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M ing the comp of the fossil record is essential to

understanding evolution over long timescales, particularly when

comparing evolutionary patterns among biological groups with

different preservational properties. Completeness measures have

been presented for various groups based on gaps in the strati-

graphic ranges of fossil taxa"” and on hypothetical lineages f oss ll reco rd
implied by estimated evolutionary trees’. Here we present and

compare quantitative, widely applicable absolute measures of
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measures use very different data and calculations. The probability

of genus preservation depends almost entirely on the Palaeozoic

and Mesozoic records, whereas the proportion of living families

with a fossil record is influenced largely by Cenozoic data. These

measurements are nonetheless highly correlated, with outliers

quite explicable, and we find that completeness is rather high for

many animal groups.
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Problem 2 — external drivers

Climate, tectonics, volcanism,
sea level

Fig from Hannisdal and Peters Science 2011




Problem 3 - causality

"No, you back off! | was here
before you!"




Do clade-clade interactions influence
macroevolutionary processes?

What, if any, are the relationships between
brachiopod and bivalve diversification?




Problem 1 — sampling bias; Solution 1A — Paleobiology Database
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Problem 1 — sampling bias; Solution 1A — Paleobiology Database
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Problem 1 — sampling bias; Solution 1B — Mark Recapture

Nichols & Pollock 1983. Estimating taxonomic diversity,
extinction rates, and speciation rates from fossil data using capture-recapture models. Paleobiology

Liow & Nichols 2010. Estimating rates and

orobabilities of origination and extinction _1ime intervals I m v
e o Species 1 1 0 0 0  1=observed
In: Short Courses in Paleontology: - 0 = not observed
Quantitative Paleobiology Species 2 0O 0 1 O
feds: Hunt & Alrey) Species 3 0 1 0 0

Species 4 1 0 0 1

Species 5 1 1 1 1

Species 6 0O 1 0 1

Species 7 1 0 1 1

Species 8 O 0 1 O

Species 9 1 0 0 O

Species 10 0O 0 0 1



Problem 1 — sampling bias; Solution 1B — Mark Recapture

Survival probabilities (I)I (I)H (I)m
Time intervals | I m 1
Species 4 1 l 0 l 0 l 1 l
Sampling probabilities Pn Pm P

P("1001”|first observation)= ¢(1-p;) ¢;(1-pPi) PPy

Nichols & Pollock 1983. Estimating taxonomic diversity, extinction rates, and speciation rates from fossil data
using capture-recapture models. Paleobiology

Liow & Nichols 2010. Estimating rates and probabilities of origination and extinction using taxonomic occurrence
data: Capture-recapture approaches. In: Short Courses in Paleontology: Quantitative Paleobiology (eds. Hunt &

Alroy)



Problem 1 — sampling bias; Solution 1B — Mark Recapture
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Problem 2 — external drivers

Climate, tectonics, volcanism,
sea level

Fig from Hannisdal and Peters Science 2011




Problem 3 - causality

"No, you back off! | was here
before you!"




Problems 2 & 3 - External drivers and causality. Solution: linear
Stochastic Differential Equations (SDEs)

Basic linear SDE, an Ornstein-Uhlenbeck (OU) process

dXi(t)=-ou(X1(t)-u1)dt+o1dBi(t)



Problems 2 & 3 - External drivers and causality. Solution: linear
Stochastic Differential Equations (SDEs)

Deterministic part Stochastic part
Basic linear SDE, an Ornstein-Uhlenbe brocess

RO 1)




Problems 2 & 3 - External drivers and causality. Solution: linear
Stochastic Differential Equations (SDEs)

Deterministic part Stochastic part

O3

Correlation between X, and X,

dXz(t)=-0z(X2(t)-uz)dt+02(1-p%)?%>dB2(t)+poc2dBi(t)



Problems 2 & 3 - External drivers and causality. Solution: linear
Stochastic Differential Equations (SDEs)

Deterministic part Stochastic part

O
Correlation betweas
G2(1-p?)%5dB2(t)+po 2dBi(t)

dXz(t)



Problems 2 & 3 - External drivers and causality. Solution: linear
Stochastic Differential Equations (SDEs)

Deterministic part Stochastic part

dXi(t)=-ou(X1(t)-u1)dt+o1dBi(t)

dXz(t)=-0z(X2(t)-uz)dt+02(1-p%)?%>dB(t)+poc2dBi(t)

X, is driven by X

dXz[t] = -Olz[Xz[t]-uz-,B[)ﬁ[t] -,U1])dt]+0'2de[t]dt



Problems 2 & 3 - External drivers and causality. Solution: linear
Stochastic Differential Equations (SDEs)

Deterministic part Stochastic part

dXi(t)=-ou(X1(t)-u1)dt+o1dBi(t)

dXz(t)=-0z(X2(t)-uz)dt+02(1-p%)?%>dB(t)+poc2dBi(t)

X, is driven by X




* Origination
* Extinction
e Sampling

Check for relationships
among abiotic and bivalve

and brachiopod time series

* Origination
* Extinction
 Sampling

Fig from Hannisdal and Peters Science 2011




Null model — no relationship
Correlative

Causal X, to X,

Check for relationships
Causal X, to X, among abiotic and bivalve

and brachiopod time series




Five potential external drivers have
no detectable relationships

to bivalve or brachiopod
diversification (or sampling)

across the Phanerozoic

Fig from Hannisdal and Peters Science 2011
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Liow, Reitan & Harnik 2015 Ecology Letters

Paleobiology Mark recapture approaches
Database

S; ) \ W
O‘. A Linear Stochastic Differential Equations
(e q

Bivalves influenced brachiopod evolutionary
dynamics on macroevolutionary time scales

Bivalves have been “suppressing” brachiopod
diversification

Climate and sea-level changes have no measurable effects
on diversification dynamics of bivalves or brachiopods on
Phanerozoic time scales







Brachiopod |Brachiopod |Bivalve Brachiopod |Brachiopod |Bivalve Bivalve Brachiopod

Table 2A extinction origination extinction Table 2B extinction origination extinction origination sampling
rate (logged) |rate (logged) |rate (logged) rate (logged) |rate (logged) |rate (logged) |rate (logged) |rate (logged)
1.5% * 61% 76% 11.3% * 8.1% *

Br‘nc.hiot;.)od A B=+11 Bmchli.opod wp=+056 |€p=+059

origination sampling

rate (logged) (0.49, 2.3) rate (logged) (0.17, 0.81) (0.29, 0.90)

) 3.0E-7%*** 0.13%** ) 0.06% *** 72% 0.46% ** 45% SE-11%***
S;:;lr::ttlon corrp =+0.89 |€ B=+10 ?:;::;:::tng corrp = +0.73 rrp =+0.70 corr p = +0.90
rate (logged) (0.73-0.98) (0.53, 0.99) rate (logged) (0.47, 0.92) (0.37, 0.90) (0.78, 0.96)

) 45% 0.05%"*** 1.2%**
g:::il:fuon corrp = +0.83 |corrp = +0.74
rate (logged) (0.53, 0.99) (0.37, 0.97)

The first line in each cell is the Bayesian posterior probability for the null hypothesis (no relationship). *means the posterior probability 1s lower than the
multiple testing limit of 12.9%: **<1.29% and ***<0.13%. The second line in a cell denotes the most probable link model if the null hypothesis was rejected.
The link model can be correlative (‘corr’). or causative (arrows point towards the causal driver). Black link models are where the probability of the best link
model is more than twice that of the next best link model and uncertain links are in grey. p characterises the correlation (eqn 3) while B charactenises the

strength of the causal relationship (eqn 4). The last line gives the 95% credibility interval for the p or . See Table | for models used for each time series.
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