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Outline	of	topics	in	this	sec/on:	
	
1)  Causes	of	glacia&on	
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3)  Changes	associated	with	glacia&on	

4)  Biogeographic	consequences	

5)  Evolu&onary	consequences	

6)  Ex&nc&ons	
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Retreat	of	the	Wisconsin	Glaciers	
	

(from	Lomolino	et	al.	2006)	
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Biogeographic	Consequences	
La/tudinal	Shi9	in	Biomes	–	the	Mississippi	valley	and	Eastern	North	America	

(from	Lomolino	et	al.	2006)	 5	
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Eleva/onal	Shi9	in	Biomes	–	the	Andes	

(from	Lomolino	et	al.	2010)	
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ShiRs	in	vegeta&on	zones	in	
Eastern	Cordillera	of	Colombian	
Andes	Mountains	following	last	
glacial	maximum	



Biogeographic	Consequences	
Eleva/onal	Shi9	in	Biomes	

(from	Lomolino	et	al.	2010)	

Zone	shiRs	ranged	from		
150	–	1500	m	between	glacial		
and	interglacial	periods	
	
Typically	much	more	rapid	than	
la&tudinal	shiRs	
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Range	shi9s	in	mammals	
With	resul&ng	differences	in	extent	and	direc&on	of	range	shiRs	during	the	Holocene,	
species	that	co-occurred	during	the	last	glacial	maximum	exhibit	disjunct	ranges	today.		
Black	dots	show	areas	where	species	co-occurred	during	late	Pleistocene	(based	on	fossils)		

Shrews,	lemmings,		and	squirrels	 Lemmings,	chipmunks,	prairie	dogs 

(from	Lomolino	et	al.	2010)	
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Bio/c	Exchanges	
	

(from	Vermeij	1991)	

Great	American	Interchange:	Exchange	of	mammals	between	
North	and	South	America	following	forma&on	of	Central	
American	land	bridge	~	3.5	million	years	ago.	
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Porcupines	
Glyptodonts	
Armadillos	
Giant	ground	sloths	
Opossums	

Rabbits	
Field	mice	
Foxes	
Bears	
Raccoons	
Weasels	
Cats	

Mastodons	
Horses	
Tapirs	
Peccaries	
Camels	
Deer	
	

Northern	Origin	

Southern	Origin	

Biogeographic	Consequences	
Bio/c	Exchanges	
With	Great	American	Interchange,	Central	American	land	bridge	was	more	of	a	filter	
than	a	highway.	Interchange	was	greater	during	glacial	periods	when	savanna	habitats	
covered	much	of	Central	and	South	America.	



Three	poten&al	advantages	leading	to	bias	of	northern	forms	
in	South	America:	
	
1)  They	were	befer	migrators	

2)  They	were	befer	survivors	and	diversified	more	readily	

3)  They	were	befer	compe&tors	

Biogeographic	Consequences	
Bio/c	Exchanges	
	
Filtering	dispersal	route	lead	to	asymmetric	bio/c	exchange	
	

Forma&on	of	
land	bridge		
~	3.5	mya	

*	What	predic&ons	could	we	make	based	on	Janzen’s	Hypothesis?	
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Specia/on	
The	major	evolu&onary	consequence	of	glacia&on	was	the	abundance	of	opportuni&es	
for	isola&on	and	subsequent	divergence	through	gene&c	driR	and	novel	selec&on	
pressures.	

Specia/on	Pump:	the	genera&on	of	diversity	due	to	repeated	fragmenta&on,	
allopatric	specia&on,	and	reconnec&on	of	fauna	during	the	glacial/interglacial	cycles	
of	the	Pleistocene.	

(from	Haffer	1969)	
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Pleistocene	Specia/on	Pump	

(from	Weir	and	Schluter	2004)	

Superspecies:	monophyle&c	group	of	two	or	more	allospecies	(geographically	separated)	
or	semi-species	(connected	geographically	by	a	narrow	hybrid	zone)	that	have	just	crossed	
the	species	threshold	and	are	presumed	to	be	the	youngest	species	in	an	avifauna		
(Weir	&	Schluter	2004).	
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Pleistocene	Specia/on	Pump	

(from	Weir	and	Schluter	2004)	

Palaeotemperature	
record,	indicates	cold	
periods	of	glacial	
advance	

present-day	
interglacial	



Evolu&onary	Consequences	

15	

Pleistocene	Specia/on	Pump	

(from	Weir	and	Schluter	2004)	

*  Applied	a	GTR-gamma	model	of	mtDNA	sequence	evolu&on:	
2.2%	divergence	for	every	1	million	years	of	separa&on	

Percent	sequence	divergence	in	superspecies	
groups	residing	in	different	regions	
	
Shaded	area	indicates	Pleistocene	
	
More	recent	divergence	in	boreal	
superspecies	during	Pleistocene	
(during	&me	of	glacial	cycles)	
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Glacia/on	and	the	origin	of	phylogroups	(or	superspecies)	
	
e.g.,	All	of	Bri&sh	Columbia’s	fish	fauna	must	have	come	from	refugial	popula&ons.	
Some	species	were	isolated	in	mul&ple	refugia	(about	21	species	in	total),	giving	
poten&al	for	intraspecific	divergence.	

(from	McPhail	and	Lindsey	1970)	
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Glacia/on	and	the	origin	of	phylogroups	(or	superspecies)	
	

Bull	Trout	(Salvelinus	confluentus)	 Dolly	Varden	(Salvelinus	malma	malma)	 Arc/c	Char	(Salvelinus	alpinus	alpinus)	
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Glacia/on	and	the	origin	of	phylogroups	(or	superspecies)	
	
e.g.,	bull	trout	(Salvelinus	confluentus)	

(from	Taylor	et	al.	1999)	

Chehalis	River	refuge	
	
Columbia	River	refuge	
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Glacia/on	and	the	origin	of	phylogroups	(or	superspecies)	
	
e.g.,	Anadromous	fish	species	have	given	rise	to	freshwater	popula&ons	that	do	not	go	
to	sea	and	may	differ	greatly	from	the	parental	species	in	appearance	and	ecology.		
	
(In	BC	we	see	this	in	salmon,	lampreys,	s&cklebacks	and	smelt)	

Pygmy	smelt	in	Pif	Lake,	Harrison	
Lake,	and	Lake	Washington.	

Longfin	smelt	(Spirinchus	thaleichthys)	
in	the	ocean.	
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Benthic	(top)	and	limne&c	s&ckleback	
(Gasterosteus	aculeatus)	from	Paxton	Lake	
on	Texada	Island,	BC	

Glacia/on	and	the	origin	of	phylogroups	(or	superspecies)	
	
e.g.,	Anadromous	fish	species	have	given	rise	to	freshwater	popula&ons	that	do	not	go	
to	sea	and	may	differ	greatly	from	the	parental	species	in	appearance	and	ecology.		
	
(In	BC	we	see	this	in	salmon,	lampreys,	s&cklebacks	and	smelt)	



Pleistocene	rainforest	refugia	 Distribu&on	of	Selenidera	(toucanets)	

Evolu&onary	Consequences	
What	was	happening	in	the	tropics	during	the	Pleistocene?	
	
Old	view:		
	
Refugia	hypothesis	(Haffer	1969):	Islands	of	lowland	rain	forest	persisted	during	glacial	
maxima.	Developed	a	model	of	“cyclic	vicariance”	where	species	were	separated	through	
fragmenta&on	during	dry	glacial	periods.	



What	was	happening	in	the	tropics	during	the	Pleistocene?	
	
Developing	view:		
	
Refugia	hypothesis	was	largely	based	on	inferences	from	current	species	distribu&on	
paferns,	but	not	based	on	paleoecological	data.	

Evolu&onary	Consequences	

http://www.biotaneotropica.org.br

Bush, M.B & Oliveira, P.E. - Biota Neotropica, v6 (n1) - bn00106012006

Figure 8. The fossil pollen record for Lake Pata, Hill of Six Lakes, Brazil. A >50,000 year record from the upper 2 m of a 5 m core showing
continuous forest cover and invasion by cool elements in the glacial maximum. Forest elements in green, ferns in pale green, swamp taxa in
black, open ground species in brown and cold elements in blue. A dry episode is recorded in which lake level fell between c. 35,000 and 23,000
yr BP, marked by the yellow line. At this time the lake was reduced in size, but the forest still surrounded it.
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What	was	happening	in	the	tropics	during	the	Pleistocene?	
	
Developing	view:		
	
Fossil	pollen	data	from	lake	cores	show	con&nuous	forest	cover	and	invasion	by		
cold-adapted	species	during	last	glacial	maximum.		

Evolu&onary	Consequences	

http://www.biotaneotropica.org.br

Bush, M.B & Oliveira, P.E. - Biota Neotropica, v6 (n1) - bn00106012006

Figure 8. The fossil pollen record for Lake Pata, Hill of Six Lakes, Brazil. A >50,000 year record from the upper 2 m of a 5 m core showing
continuous forest cover and invasion by cool elements in the glacial maximum. Forest elements in green, ferns in pale green, swamp taxa in
black, open ground species in brown and cold elements in blue. A dry episode is recorded in which lake level fell between c. 35,000 and 23,000
yr BP, marked by the yellow line. At this time the lake was reduced in size, but the forest still surrounded it.
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Evolu&onary	Consequences	
Alterna&ve	hypotheses	for	Refugia-like	distribu&ons?	
	
Amazonian	Ecoregions	divided	by	large	river	systems	are	also	consistent	with	
range	limits	across	species	group	



Evolu&onary	Consequences	
Alterna&ve	hypotheses	for	Refugia-like	distribu&ons?	
	
Phylogene&c	rela&onships	of	trumpeter	species	in	South	America.		
Distribu&ons	show	that	species	ranges	are	separated	by	large	river	systems.	

Ribas	et	al.	2012	



Evolu&onary	Consequences	
Alterna&ve	hypotheses	for	Refugia-like	distribu&ons?	
	
Phylogene&c	rela&onships	of	trumpeter	species	in	South	America.		
Timing	of	diversifica&on	events	indicates	specia&on	prior	to	most	recent	glacial	maxima.	

Ribas	et	al.	2012	



Evolu&onary	Consequences	
Alterna&ve	hypotheses	for	Refugia-like	distribu&ons?	
	
Phylogene&c	rela&onships	of	trumpeter	species	in	South	America.		
Hypothesis	for	diversifica&on	of	trumpeters	following	establishment	of	river	barriers	

Ribas	et	al.	2012	

a)	3.0	–	2.7	mya:	western	lowland	Amazon	is	a	large	
interconnected	wetland	system	
	
b)	2.7	–	2.0	mya:	wetland	system	drained	and	lower	
Amazon	River	was	established	
	
c)	2.0	–	1.0	mya:	Rio	Madeira	drainage	established	
	
d)	1.3	–	0.8	mya:	Rio	Tapajos	drainage	established	
	
e)	1.0	–	0.7	mya:	isola&ng	barrier	with	lower	Rio	
Negro	formed	
	
f)	0.8	–	0.3	mya:	two	drainage	systems	on	Brazilian	
shield	(Rio	Toca&ns	and	Xingu)	established	
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Massive	ex&nc&ons	of	terrestrial	mammals	occurred	during	late	Pleistocene	in	both	North	
and	South	America.	Large-bodied	mammals	appear	to	have	been	par&cularly	vulnerable.	

(images	from	www.mauricioanton.com)	
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Note	that	North	and	South	American	species	appeared	to	suffer	much	greater	ex&nc&ons	
than	comparable-sized	mammals	on	other	con&nents	(up	to	76%	of	all	genera).	

Late	Pleistocene	ex&nc&on	rates	among	
mammalian	herbivores	with	body	mass	>	5kg	

Global	rates	of	late	Pleistocene	
ex&nc&on	among	mammalian	herbivores	

(from	Lomolino	et	al.	2006)	
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These	mass	ex&nc&ons	have	been	suggested	to	occur	as	a	result	of	glacia&on-induced	
climate	changes	and/or	"overkill"	by	human	hunters	that	colonized	North	America	(and	
subsequently	South	America)	via	the	Bering	land	bridge	(the	lafer	is	a	conten&ous	idea).	

Late	Pleistocene	ex&nc&on	rates	among	
mammalian	herbivores	with	body	mass	>	5kg	

Global	rates	of	late	Pleistocene	
ex&nc&on	among	mammalian	herbivores	

(from	Lomolino	et	al.	2006)	
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