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

Clam/
Bivalve	

Brachiopod	



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



•  Miller	&	Sepkoski	1988.	Modeling	bivalve	diversificaGon:	
the	effect	of	interacGon	on	a	macroevoluGonary	system.	
Paleobiology	-bivalve	interspecific	compe55on	and	mass	
ex5nc5on	important		

•  Aberhan,	Kiessling	&	Fursich	2006.	TesGng	the	role	of	
biological	interacGons	in	the	evoluGon	of	mid-Mesozoic	
marine	benthic	ecosystems.	Paleobiology	-	preda5on	
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	
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Do	clade-clade	interacGons	influence	
macroevoluGonary	processes?		
	



Problem	1	–	sampling	bias	



Fig	from	Hannisdal	and	Peters	Science	2011	

Problem	2	–	external	drivers	

Climate,	tectonics,	volcanism,		
sea	level…..	



Problem	3		-	causality	



Do	clade-clade	interacGons	influence	
macroevoluGonary	processes?		
	
What,	if	any,	are	the	relaGonships	between	
brachiopod	and	bivalve	diversificaGon?		
	



Problem	1	–	sampling	bias;	SoluAon	1A	–	Paleobiology	Database	



Time	intervals	 I	 II	 III	 IV	

Species	1	 1	 0	 0	 0	

Species	2	 0	 0	 1	 0	

Species	3	 0	 1	 0	 0	

Species	4	 1	 0	 0	 1	

Species	5	 1	 1	 1	 1	

Species	6	 0	 1	 0	 1	

Species	7	 1	 0	 1	 1	

Species	8	 0	 0	 1	 0	

Species	9	 1	 0	 0	 0	

Species	10	 0	 0	 0	 1	

1	=	observed	
0	=	not	observed	
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Nichols	&	Pollock	1983.	EsGmaGng	taxonomic	diversity,		
exGncGon	rates,	and	speciaGon	rates	from	fossil	data	using	capture-recapture	models.	Paleobiology	
	
Liow	&	Nichols	2010.	EsGmaGng	rates	and		
probabiliGes	of	originaGon	and	exGncGon		
using	taxonomic	occurrence	data:		
Capture-recapture	approaches.	
	In:	Short	Courses	in	Paleontology:		
Quan5ta5ve	Paleobiology	
	(eds.	Hunt	&	Alroy)	

Problem	1	–	sampling	bias;	SoluAon	1B	–	Mark	Recapture	



Time	intervals	 I	 II	 III	 IV	
Species	4	 1	 0	 0	 1	

Sampling	probabiliAes	

Survival	probabiliAes	 ϕI 

    ϕII       ϕIII




pII 

    pIII       pIV




P(“1001”|.irst observation)= ϕI(1-pII) ϕII(1-pIII) ϕIIIpIV
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Fig	from	Hannisdal	and	Peters	Science	2011	

Problem	2	–	external	drivers	

Climate,	tectonics,	volcanism,		
sea	level…..	



Problem	3		-	causality	



Problems	2	&	3	-	External	drivers	and	causality.	SoluAon:	linear	
StochasAc	DifferenAal	EquaAons	(SDEs)	

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




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


Problems	2	&	3	-	External	drivers	and	causality.	SoluAon:	linear	
StochasAc	DifferenAal	EquaAons	(SDEs)	



Correlation between X1 and X2
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Problems	2	&	3	-	External	drivers	and	causality.	SoluAon:	linear	
StochasAc	DifferenAal	EquaAons	(SDEs)	
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Problems	2	&	3	-	External	drivers	and	causality.	SoluAon:	linear	
StochasAc	DifferenAal	EquaAons	(SDEs)	



X2 is driven by X1
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Problems	2	&	3	-	External	drivers	and	causality.	SoluAon:	linear	
StochasAc	DifferenAal	EquaAons	(SDEs)	
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Fig	from	Hannisdal	and	Peters	Science	2011	

Check	for	relaGonships	
among	abioGc	and	bivalve	
and	brachiopod	Gme	series	

•  OriginaGon	
•  ExGncGon	
•  Sampling	

•  OriginaGon	
•  ExGncGon	
•  Sampling	



Check	for	relaGonships	
among	abioGc	and	bivalve	
and	brachiopod	Gme	series	

•  Null	model	–	no	relaGonship	

•  CorrelaGve	

•  Causal	X2	to	X1	

•  Causal	X1	to	X2	
	



Fig	from	Hannisdal	and	Peters	Science	2011	

Five	potenAal	external	drivers	have		
no	detectable	relaAonships		
to	bivalve	or	brachiopod		
diversificaAon	(or	sampling)		
across	the	Phanerozoic	
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Bivalves	influenced	brachiopod	evoluGonary	
dynamics	on	macroevoluGonary	Gme	scales	
	
•  Bivalves	have	been	“suppressing”	brachiopod	

diversificaGon		
	
•  Climate	and	sea-level	changes	have	no	measurable	effects	

on	diversificaGon	dynamics	of	bivalves	or	brachiopods	on	
Phanerozoic	Gme	scales	

Liow,	Reitan	&	Harnik	2015	Ecology	LeOers	

Mark	recapture	approaches		

Linear	StochasAc	DifferenAal	EquaAons	
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