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An	inordinate	fondness	for	insects	

recognizes, and their systems of relationships (based almost
entirely on fossil evidence) often conflict with phylogenies
based on expansive evidence from living insects. Short
reviews of the fossil record of insects include Wootton
(1981, for Paleozoic insects only), Carpenter and Burnham
(1985, now rather dated), Kukalová-Peck (1991), Ross and
Jarzembowski (1993), Willmann (1997, 2003), Labandeira
(1999, 2001), and Grimaldi (2001, 2003a). The volume by
Hennig (1981) attempted to synthesize the geological record
of insects with relationships of living insects, but the evi-
dence he drew from was very limited compared to what is

now known. We have adopted Hennig’s approach here, draw-
ing fossils into the fold of the spectacular Recent diversity of
insects, but in a much more comprehensive treatment and
based on original study of many fossils.

Species and Adaptive Diversity. The daunting number of
Recent species of insects is well known to naturalists 
(Figures 1.2 and 1.3). Though there are nearly one million
described (named) species, the total number of insects is
believed to be between 2.5 million and 10 million, perhaps
around 5 million species. In an age of such technological
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1.3. The diversity of life shown as proportions of named species.
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Grimaldi	&	Engels	(2005)	Evolu&on	of	the	Insects	



Wiens	et	al.	(2015)	Nature	Communica&ons	

A	role	of	herbivory	in	diversifica+on	



Herbivory	gradient	in	the	Drosophilidae	
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Long-range attraction 
 

Tolerance of plant defensive toxins 
 

Digestion of ingested ripe plant material 
 

Oviposition preference 
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Herbivory Detritivory 
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D. melanogaster D. sechellia D. pachea D. suzukii Scaptomyza nigrita 

WHY? 

Ecological predictability 
 

Inter-specific competition 
 

Genetic constraints 
 

Escaping predators/parasites 
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Drosophilids	collec+on	in	the	Indian	Ocean	
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2011	

2013	



Drosophila	yakuba	is	strictly	associated	with	noni	on	
MayoZe	



Drosophila	yakuba	is	strictly	associated	with	noni	on	
MayoZe	



Laboratory	experiments	



Assorta+ve	ma+ng	



Demographic	history	



«	Popula+on	Branch	Excess	»	
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PBS	=	[	-	log	(1-FST_MK)	–	log	(1-FST_MC)	+	log	(1-FST_KC)	]	/	2	

Yi	et	al.	(2010)	Science	
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PBE	=	PBSobs	–	PBSexp	=	PBS	-	[	-	log	(1-FST_KC)	x	(PBSmed	/	{-	log	(1-FST_KC)}med	]	

Yassin	et	al.	(2016)	PNAS	



«	Popula+on	Branch	Excess	»	

Grey	areas	=	low	recombining	regions	(telomeres,	centromeres)	
	
GMC	=	glucose-methanol-choline	oxidoreductases,	gce	=	germ	cell	elonga&on,	SER	=	
serine	endopep+dases,	GSTE	=	Glutothamine	S	transferases,	OSI	=	Osiris,	TWDL	=	Tweedle	



Candidate	region	1:	gce	



Candidate	region	1:	gce	



Candidate	region	2:	GMC,	Flo2	



Candidate	region	3:	Osiris	



Genomic	parallelism	with	D.	sechellia	

•  Larval	tolerance	to	octanoic	acid	(Huang	&	Erezyilmaz	2015	G3)	
•  4	of	9	QTLs	(P	=	0.013)	

•  Adult	tolerance	to	octanoic	acid	(Hungate	et	al.	2013	Gene&cs)	
•  1	of	1	QTL	(P	=	0.008)	

•  Adult	aZrac+on	to	noni	vola+les	(Earley	&	Jones	2011	Gene&cs,	
C.	B.	Jones,	pers.)	
•  3	of	13	QTLs	(P	=	0.200)	



Conclusions:	an	‘ecological	specia+on	
con+nuum’	

•  Specializa+on	on	noni	occurred	twice	on	
independent	islands:	
– D.	sechellia,	250000	ya,	large	QTLs	(~2	Mb),	pre-	and	
post-zygo+c	isola+on	

– D.	yakuba,	29000	ya,	small	windows	(~20	kb),	pre-
zygo+c	isola+on	

•  Similar	detoxifica+on	genes	strongly	selected	for	
•  Different	genes	or	weak	selec+on	on	preference	
genes	

•  Similar	pathways	may	involved	other	Drosophila	
and	herbivorous	species	



Acknowledgements	
Jean	R.	David	
(CNRS,	Gif-sur-YveZe)	
	
John	E.	Pool	
Héloïse	Bas+de	
(University	of	Wisconsin-Madison,	Madison)	
	
Vincent	Debat	
Nelly	Gidaszewski	
(MNHN,	Paris)	
	




