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The	main	difference	between	gradualism	and	punctuated	equilibrium	is	that	the	gradualism	is	the	selection	and	variation	that	occur	in	small	increments	whereas	punctuated	equilibrium	is	a	radical	change	that	occurs	in	a	short	period	of	time.	Furthermore,	gradualism	helps	to	select	better	variations	to	the	environment	while	punctuated	equilibrium
emphasizes	consistent	and	cumulative	changes	to	the	species.	Gradualism	and	punctuated	equilibrium	are	two	phenomena	that	bring	variations	to	a	particular	species	during	evolution.	Key	Areas	Covered	1.	What	is	Gradualism						–	Definition,	Facts,	Importance2.	What	is	Punctuated	Equilibrium						–	Definition,	Facts,	Importance	3.	What	are	the
Similarities	Between	Gradualism	and	Punctuated	Equilibrium						–	Outline	of	Common	Features	4.	What	is	the	Difference	Between	Gradualism	and	Punctuated	Equilibrium						–	Comparison	of	Key	Differences	Key	Terms	Genetic	Changes,	Gradualism,	Neo	Darwinism,	Punctuated	Equilibrium,	Variation	What	is	Gradualism	Gradualism	is	the	slow,
steady	changes	of	a	particular	species.	Here,	the	selection	and	variation	occur	more	gradually.	Hence,	gradualism	takes	a	long	period	of	time	and	the	changes	are	hard	to	notice	within	a	short	period	of	time.	In	brief,	the	population	changes	over	a	long	period	of	time	while	the	changes	are	slow,	constant,	and	consistent.	Figure	1:	Gradualism	and
Punctuated	Equilibrium	Gradualism	is	the	basis	of	the	classic	Neo	Darwinism	and	it	is	also	called	uniformitarianism.	It	assumes	that	the	tree	of	life	starts	with	a	one-celled	organism,	which	increases	its	complexity	to	form	modern	life	forms	gradually.	But,	fossil	records	do	not	support	this	concept	of	emerging	from	small,	gradual	changes.	Besides,	new
life	forms	spurt	in	fossils	rather	than	transitioning	between	types	of	species.	What	is	Punctuated	Equilibrium	Punctuated	equilibrium	describes	the	punctuation	of	the	slow	evolution	by	short	events,	leading	to	rapid	evolution.	It	was	the	theory	proposed	to	explain	the	deviations	of	the	fossil	records	from	gradualism.	According	to	punctuated
equilibrium,	the	oppression	caused	by	the	environmental	stress	on	a	small,	isolated	population	forces	the	population	to	produce	variations	fairly	rapidly.	Therefore,	the	genetic	changes	occur	more	rapidly.	However,	Neo	Darwinism	describes	that	genetic	changes	within	a	population	are	slow.			Figure	2:	Punctuated	Equilibrium	In	punctuated
equilibrium,	it	is	considered	that	conditions	of	the	environment	are	constant.	However,	the	environment	can	also	change	due	to	climate	changes	or	the	introduction	of	new	predators.	This	also	can	emphasize	changes	in	a	particular	population	that	lives	within	that	environment	in	a	short	period	of	time.	In	conclusion,	punctuated	equilibrium	is	the
better	model	in	describing	the	appearing	of	variations	within	a	population.	Gradualism	and	punctuated	equilibrium	are	two	phenomena	that	help	to	establish	variations	in	species.	Natural	selection	help	to	choose	the	best	fitting	type	of	organisms	to	the	environment.	Gradualism	refers	to	the	hypothesis	that	evolution	proceeds	by	imperceptibly	small,
cumulative	steps	over	long	periods	of	time	rather	than	by	abrupt,	major	changes	while	punctuated	equilibrium	refers	to	the	hypothesis	that	evolutionary	development	is	marked	by	isolated	episodes	of	rapid	speciation	between	long	periods	of	little	or	no	change.	Type	of	Variation	Gradualism	brings	small	variation	to	a	particular	species	while
punctuated	equilibrium	emphasizes	consistent	and	cumulative	changes	to	a	species.	Duration	Furthermore,	gradualism	occurs	over	a	long	period	of	time	while	punctuated	equilibrium	occurs	within	a	short	period	of	time.	Evolution	Also,	gradualism	describes	evolution	as	a	slow	process	while	punctuated	equilibrium	brings	short	events,	which	speed	up
the	slow	evolution.	As	a	Model	Fossil	records	do	not	prove	gradualism	while	punctuated	equilibrium	is	the	better	model	to	describe	evolution.	Conclusion	Gradualism	is	the	introduction	of	variations	to	a	particular	population	over	a	long	period	of	time	while	punctuated	equilibrium	is	the	quick	variation	in	a	particular	population	due	to	sudden	changes
in	the	environment	called	environmental	stress	within	a	short	period	of	time.	The	main	difference	between	gradualism	and	punctuated	equilibrium	is	the	appearance	of	variations	in	a	particular	population.	Reference:	1.	Saylo,	Monalie	C,	et	al.	“Punctuated	Equilibrium	vs.	Phyletic	Gradualism.”	International	Journal	of	Bio-Science	and	Bio-Technology,
vol.	3,	ser.	4,	Dec.	2011,	pp.	27–42.	4,	Available	Here	Image	Courtesy:	1.	“PunctuatedEquilibrium”	By	Miguel	Chavez	–	Own	work	(CC	BY-SA	4.0)	via	Commons	Wikimedia			2.	“Punctuated	Equilibrium”	By	Ian	Alexander	–	Own	work	(CC	BY-SA	4.0)	via	Commons	Wikimedia	Gradualism	is	the	idea	that	small	changes	build	up	over	time	to	create	big
changes.Punctuated	equilibrium	suggests	that	species	stay	the	same	for	a	long	time,	then	change	quickly.Fossils	are	important	evidence	for	both	gradualism	and	punctuated	equilibrium,	but	interpretations	differ.	Evolution	takes	a	very	long	time	to	become	visible.	Generation	after	generation	can	come	and	go	before	any	changes	in	a	species	are
observed.	There	is	some	debate	in	the	scientific	community	as	to	how	quickly	evolution	occurs.	The	two	generally	accepted	ideas	for	rates	of	evolution	are	called	gradualism	and	punctuated	equilibrium.	Based	on	geology	and	the	findings	of	James	Hutton	and	Charles	Lyell,	gradualism	states	that	large	changes	are	actually	the	culmination	very	small
changes	that	build	up	over	time.	Scientists	have	found	evidence	of	gradualism	in	geologic	processes,	which	the	Prince	Edward	Island	Department	of	education	describes	as	the	"...processes	at	work	in	the	earth's	landforms	and	surfaces.	The	mechanisms	involved,	weathering,	erosion,	and	plate	tectonics,	combine	processes	that	are	in	some	respects
destructive	and	in	others	constructive."	Geologic	processes	are	long,	slow	changes	that	occur	over	thousands	or	even	millions	of	years.	When	Charles	Darwin	first	began	formulating	his	theory	of	evolution,	he	adopted	this	idea.	The	fossil	record	is	evidence	that	supports	this	view.	There	are	many	transitional	fossils	that	show	structural	adaptations	of
species	as	they	transform	into	new	species.	Proponents	of	gradualism	say	that	the	geologic	time	scale	helps	show	how	species	have	changed	over	the	different	eras	since	life	began	on	Earth.	Punctuated	equilibrium,	by	contrast,	is	based	on	the	idea	that	since	you	cannot	see	changes	in	a	species,	there	must	be	very	long	periods	when	no	changes	occur.
Punctuated	equilibrium	asserts	that	evolution	occurs	in	short	bursts	followed	long	periods	of	equilibrium.	Put	another	way,	long	periods	of	equilibrium	(no	change)	are	"punctuated"	by	short	periods	of	rapid	change.	Proponents	of	punctuated	equilibrium	included	such	scientists	as	William	Bateson,	a	strong	opponent	of	Darwin's	views,	who	argued	that
species	do	not	evolve	gradually.	This	camp	of	scientists	believes	that	change	happens	very	rapidly	with	long	periods	of	stability	and	no	change	in	between.	Usually,	the	driving	force	of	evolution	is	some	sort	of	change	in	the	environment	that	necessitates	a	need	for	quick	change,	they	argue.	Strangely	enough,	scientists	in	both	camps	cite	the	fossil
record	as	evidence	to	support	their	views.	Proponents	of	punctuated	equilibrium	point	out	that	there	are	many	missing	links	in	the	fossil	record.	If	gradualism	is	the	correct	model	for	the	rate	of	evolution,	they	argue,	there	should	be	fossil	records	that	show	evidence	of	slow,	gradual	change.	Those	links	never	really	existed,	to	begin	with,	say	the
proponents	of	punctuated	equilibrium,	so	that	removes	the	issue	of	missing	links	in	evolution.	Darwin	also	pointed	to	fossil	evidence	that	showed	slight	changes	in	the	body	structure	of	the	species	over	time,	often	leading	to	vestigial	structures.	Of	course,	the	fossil	record	is	incomplete,	leading	to	the	problem	of	the	missing	links.	Currently,	neither
hypothesis	is	considered	more	accurate.	More	evidence	will	be	needed	before	gradualism	or	punctuated	equilibrium	is	declared	the	actual	mechanism	for	the	rate	of	evolution.	The	gradualism	model	of	evolution	proposes	that	a	progenitor	species	gradually	gave	rise	to	many	new	species,	with	no	special	mechanisms	accounting	for	the	origins	of	new
genera	or	groups	of	higher	classifications—only	the	accumulation	of	many	small	changes	in	the	frequencies	of	alleles	in	gene	pools.	The	punctuated	equilibrium	model	of	evolutionary	change	supposes	long	periods	of	little	or	no	change	interspersed	with	short	intervals	of	rapid	change.	Charles	Darwin,	author	of	On	the	Origin	of	Species	by	Means	of
Natural	Selection	(1859),	believed	that	morphological	change	was	inevitable	and	proceeded	slowly,	encompassing	slight,	successive,	and	gradual	changes	within	lineages.	Speciation,	therefore,	was	the	result	of	the	gradual	accumulation	of	changes	within	ancestral	populations	over	time,	ultimately	leading	to	the	formation	of	recognizably	new	and
different	species.	According	to	Darwin,	sudden,	large-scale	changes	were	improbable	or	impossible—an	idea	epitomized	by	the	phrase	Natura	non	facit	saltum,	or	“Nature	never	makes	leaps.”	Darwin’s	concept	of	the	slow	and	gradual	transformation	of	a	species’	entire	ancestral	population	into	distinct	descendant	species	over	time	has	been	termed
“phyletic	gradualism,”	or	anagenesis.	If	true,	the	expectation	of	anagenic	transformation	leads	to	the	supposition	that	the	fossil	record	for	any	lineage	should	contain	an	“inconceivably	great”	number	of	intermediate	forms.	Darwin,	however,	realized	that	the	fossil	record	is,	in	fact,	not	littered	with	an	“interminable”	and	“enormous”	number	of
intermediate	forms.	Darwin’s	solution	to	this	problem	with	his	theory	was	presented	in	a	chapter	of	his	book	On	the	Origin	of	Species	by	Means	of	Natural	Selection	titled	“On	the	Imperfection	of	the	Geological	Record.”	Here	Darwin	persuasively	argued	that	the	paleontological	record	of	the	past	is	extremely	imperfect	because	of	degradation	of
fossiliferous	deposits	and	differential	rates	of	deposition	and	fossilization	among	lineages.	He	also	noted	that,	on	geologic	time	scales,	persistent,	long-lived	and	widespread	species	are	more	likely	to	appear	in	the	fossil	record	than	short-lived	species	or	species	confined	to	narrow	geographic	ranges.	The	“Modern	Synthesis,”	Microevolution,	and
Species	Formation	In	the	1930’s	and	1940’sDarwin’s	theory	of	natural	selection	was	melded	with	then-current	knowledge	of	genetics,	heritability,	and	mathematics	to	produce	the	modern	synthesis	theory	of	evolution.	Under	this	paradigm,	evolution	came	to	be	defined	as	a	change	in	gene	frequency	over	time.	The	microevolutionary	processes	of
mutation,	migration,	random	genetic	drift,	and	natural	selection	were	recognized	as	the	primary	mechanisms	that	alter	gene	frequencies.	At	this	time	other	authorities	began	to	carefully	consider	the	mechanism(s)	by	which	species	arise.	One	particularmode	of	species	formation,	and	one	supported	by	considerable	empirical	evidence,	is	termed	the
allopatric	model	of	speciation.	Allopatric	species	are	formed	as	subpopulations	of	a	more	widespread	ancestral	species	become	geographically	isolated	and,	in	time,	reproductively	isolated	from	one	another.	Paleospecies	and	Punctuated	Equilibria	These	ideas,	particularly	those	of	gradual,	inevitable	change	by	microevolutionary	processes	and	the
imperfection	of	the	fossil	record,	and	were	accepted	by	paleontologists	for	more	than	a	century.	However,	in	1972	Niles	Eldredge	and	Stephen	J.	Gould	published	a	paper	in	which	paleontologists	were	challenged	to	examine	fossil	sequences	(and	gaps)	more	objectively.	Eldredge	and	Gould	drew	three	important	conclusions	about	the	fossil	record.
First,	some	gaps	in	the	fossil	record	are	real	and	cannot	be	attributed	to	other	factors;	gradual	series	of	transitional	forms	do	occur,	but	they	are	extremely	rare.	Second,	paleospecies	often	persist	for	millions	of	years	without	substantial	morphological	change.	Third,	they	recognized	that	paleospecies	found	in	older	strata	are	sometimes	rapidly
replaced	by	morphologically	different	taxa	in	younger	deposits.	Thus,	a	literal	interpretation	of	the	fossil	record	requires	the	acknowledgment	of	short,	rapid	bursts	of	evolution.	That	is,within	the	paleontological	history	of	a	lineage,	morphological	stasis	is	occasionally	interrupted	by	near-instantaneous	(in	geological	time)	formation	of	morphologically
different	species.	If	these	gaps	are	real,	how	are	they	to	be	explained?	How	is	one	species	suddenly	(in	geologic	time)	replaced	by	a	morphologically	modified	form	in	the	fossil	record?	To	answer	these	questions,	Eldredge	and	Gould	developed	the	theory	of	punctuated	equilibria	that,	in	essence,	fused	a	literal	interpretation	of	the	fossil	record	with	the
mode	of	speciation	most	often	observed	in	extant	populations	(such	as	the	allopatric	model	of	speciation).	Eldredge	and	Gould’s	theory	of	punctuated	equilibria	is	based	on	the	following	postulates	or	observations.	First,	speciation	typically	occurs	via	allopatric	speciation.	Second,	the	origin	of	descendant	species	is,	in	geological	time,	rapid	and	occurs
in	a	limited	geographic	area.	Third,	most	adaptive	change	occurs	at	the	time	of	speciation.	Fourth,	speciation	is	typically	followed	by	long	periods	of	morphological	stasis,	particularly	within	large,	widespread	species.	Fifth,	the	abrupt	appearance	of	a	new	species	within	the	range	of	the	ancestral	species	is	a	result	of	ecological	succession,
immigration,	or	competition.	Finally,	apparent	adaptive	trends	(such	as	macroevolutionary	trends)	observed	in	the	fossil	record	are	the	result	of	species	selection	within	lineages	over	time.	The	authors	reasoned	that	as	long	as	a	species	is	capable	of	successfully	exploiting	its	habitat,	adaptations	that	originated	at	the	time	of	speciation	are	unlikely	to
be	altered,	and	morphological	stasis	is	the	result.	Thus,	in	terms	of	the	geologic	time	scale,	most	species	seem	to	persist	unchanged	over	long	periods	of	time.	The	origin	of	a	new	species,	its	growth	in	numbers,	and	the	extension	of	its	geographic	range	are,	therefore,	determined	by	reproductive	and	ecological	characteristics.	In	short,	under	the
punctuated	equilibrium	model	new	species	can	be	successful	if	they	are	sufficiently	distinct	in	their	habitat	requirements	and	if	they	are	able	to	compete	with	or	outcompete	close	relatives	should	they	come	into	contact	with	one	another.	This	theory	of	speciation	and	diffential	reproduction	and	survival	of	species	produces	well-documented,	large-scale
evolutionary	patterns	or	“macroevolutionary”	trends.	Punctuated	Equlibria	and	Plants	The	theory	of	punctuated	equilibria	was	constructed	based	on	studies	of	animal	fossils;	unfortunately,	nomention	is	made	of	plants.	The	theory	has	therefore	received	less	attention	from	paleobotanists.	It	is	true	that	in	extant	plants	rapid	changes	in	physiological	or
morphological	characteristics	associated	with	speciation	are	not	uncommon.	However,	such	phenomena	are	rarely	documented	in	the	fossil	record.	For	example,	interspecific	hybridization	or	polyploidization	may	(almost	instantaneously)	form	new,	reproductively	isolated	species	whose	niches	may	differ	from	those	of	their	immediate	progenitors.
Thus,	in	plants,	rapid	species	formation	is	empirically	known.	Stasis	is	also	known	from	the	fossil	records	of	some	plant	lineages.	For	example,	in	terms	of	floral	structure,	extant	members	of	the	Loraceae,	Chloranthaceae,	Nymphaceae,	and	the	magnoliids	scarcely	differ	from	their	early	to	mid-Cretaceous	ancestors.	Morphological	stasis	is	also
observed	in	gingkos,	Metasequoia,	cycads,	lycopods,	sphenopsids,	and	ferns	as	well	as	the	genus	Pinus,	which	arose	in	the	Jurassic.	Rapid	radiations	are	also	documented	in	the	plant	fossil	record,	as	occurred	after	the	rise	of	angiosperms	during	the	early	Cretaceous.	Thus,	the	plant	fossil	record	provides	clear	evidence	for	stasis	in	some	lineages	and
rapid	diversification	in	others.	Despite	these	observations,	paleobotanical	examples	of	lineages	whose	evolution	fits	the	predictions	of	the	punctuated	equilibrium	model	are	few.	Categories:	Evolution;	paleobotanyCharles	Darwin,	author	of	On	the	Origin	of	Species	by	Means	of	Natural	Selection	(1859),	believed	that	morphological	change	was
inevitable	and	proceeded	slowly,	encompassing	slight,	successive,	and	gradual	changes	within	lineages.	Speciation,	therefore,	was	the	result	of	the	gradual	accumulation	of	changes	within	ancestral	populations	over	time,	ultimately	leading	to	the	formation	of	recognizably	new	and	different	species.	According	to	Darwin,	sudden,	large-scale	changes
were	improbable	or	impossible—an	idea	epitomized	by	the	phrase	Natura	non	facit	saltum,	or	“Nature	never	makes	leaps.”	Darwin’s	concept	of	the	slow	and	gradual	transformation	of	a	species’	entire	ancestral	population	into	distinct	descendant	species	over	time	has	been	termed	“phyletic	gradualism,”	or	anagenesis.If	true,	the	expectation	of
anagenic	transformation	leads	to	the	supposition	that	the	fossil	record	for	any	lineage	should	contain	an	“inconceivably	great”	number	of	intermediate	forms.	Darwin,	however,	realized	that	the	fossil	record	is,	in	fact,	not	littered	with	an	“interminable”	and	“enormous”	number	of	intermediate	forms.	Darwin’s	solution	to	this	problem	with	his	theory
was	presented	in	a	chapter	of	his	book	On	the	Origin	of	Species	by	Means	of	Natural	Selection	titled	“On	the	Imperfection	of	the	Geological	Record.”	Here	Darwin	persuasively	argued	that	the	paleontological	record	of	the	past	is	extremely	imperfect	because	of	degradation	of	fossiliferous	deposits	and	differential	rates	of	deposition	and	fossilization
among	lineages.	He	also	noted	that,	on	geologic	time	scales,	persistent,	long-lived	and	widespread	species	are	more	likely	to	appear	in	the	fossil	record	than	short-lived	species	or	species	confined	to	narrow	geographic	ranges.The	“Modern	Synthesis,”	Microevolution,	and	Species	FormationIn	the	1930’s	and	1940’s	Darwin’s	theory	of	natural	selection
was	melded	with	then-current	knowledge	of	genetics,	heritability,	and	mathematics	to	produce	the	modern	synthesis	theory	of	evolution.	Under	this	paradigm,	evolution	came	to	be	defined	as	a	change	in	gene	frequency	over	time.	The	microevolutionary	processes	of	mutation,	migration,	random	genetic	drift,	and	natural	selection	were	recognized	as
the	primary	mechanisms	that	alter	gene	frequencies.At	this	time	other	authorities	began	to	carefully	consider	the	mechanism(s)	by	which	species	arise.	One	particular	mode	of	species	formation,	and	one	supported	by	considerable	empirical	evidence,	is	termed	the	allopatric	model	of	speciation.	Allopatric	species	are	formed	as	subpopulations	of	a
more	widespread	ancestral	species	become	geographically	isolated	and,	in	time,	reproductively	isolated	from	one	another.Paleospecies	and	Punctuated	EquilibriaThese	ideas,	particularly	those	of	gradual,	inevitable	change	by	microevolutionary	processes	and	the	imperfection	of	the	fossil	record,	and	were	accepted	by	paleontologists	for	more	than	a
century.	However,	in	1972	Niles	Eldredge	and	Stephen	J.	Gould	published	a	paper	in	which	paleontologists	were	challenged	to	examine	fossil	sequences	(and	gaps)	more	objectively.	Eldredge	and	Gould	drew	three	important	conclusions	about	the	fossil	record.	First,	some	gaps	in	the	fossil	record	are	real	and	cannot	be	attributed	to	other	factors;
gradual	series	of	transitional	forms	do	occur,	but	they	are	extremely	rare.	Second,	paleospecies	often	persist	for	millions	of	years	without	substantial	morphological	change.	Third,	they	recognized	that	paleospecies	found	in	older	strata	are	sometimes	rapidly	replaced	by	morphologically	different	taxa	in	younger	deposits.Thus,	a	literal	interpretation	of
the	fossil	record	requires	the	acknowledgment	of	short,	rapid	bursts	of	evolution.	That	is,	within	the	paleontological	history	of	a	lineage,	morphological	stasis	is	occasionally	interrupted	by	near-instantaneous	(in	geological	time)	formation	of	morphologically	different	species.	If	these	gaps	are	real,	how	are	they	to	be	explained?	How	is	one	species
suddenly	(in	geologic	time)	replaced	by	a	morphologically	modified	form	in	the	fossil	record?To	answer	these	questions,	Eldredge	and	Gould	developed	the	theory	of	punctuated	equilibria	that,	in	essence,	fused	a	literal	interpretation	of	the	fossil	record	with	the	mode	of	speciation	most	often	observed	in	extant	populations	(such	as	the	allopatric	model
of	speciation).Eldredge	and	Gould’s	theory	of	punctuated	equilibria	is	based	on	the	following	postulates	or	observations.	First,	speciation	typically	occurs	via	allopatric	speciation.	Second,	the	origin	of	descendant	species	is,	in	geological	time,	rapid	and	occurs	in	a	limited	geographic	area.	Third,	most	adaptive	change	occurs	at	the	time	of	speciation.
Fourth,	speciation	is	typically	followed	by	long	periods	of	morphological	stasis,	particularly	within	large,	widespread	species.	Fifth,	the	abrupt	appearance	of	a	new	species	within	the	range	of	the	ancestral	species	is	a	result	of	ecological	succession,	immigration,	or	competition.	Finally,	apparent	adaptive	trends	(such	as	macroevolutionary	trends)
observed	in	the	fossil	record	are	the	result	of	species	selection	within	lineages	over	time.The	authors	reasoned	that	as	long	as	a	species	is	capable	of	successfully	exploiting	its	habitat,	adaptations	that	originated	at	the	time	of	speciation	are	unlikely	to	be	altered,	and	morphological	stasis	is	the	result.	Thus,	in	terms	of	the	geologic	time	scale,	most
species	seem	to	persist	unchanged	over	long	periods	of	time.	The	origin	of	a	new	species,	its	growth	in	numbers,	and	the	extension	of	its	geographic	range	are,	therefore,	determined	by	reproductive	and	ecological	characteristics.	In	short,	under	the	punctuated	equilibrium	model	new	species	can	be	successful	if	they	are	sufficiently	distinct	in	their
habitat	requirements	and	if	they	are	able	to	compete	with	or	outcompete	close	relatives	should	they	come	into	contact	with	one	another.	This	theory	of	speciation	and	diffential	reproduction	and	survival	of	species	produces	well-documented,	large-scale	evolutionary	patterns	or	“macroevolutionary”	trends.Punctuated	Equlibria	and	PlantsThe	theory	of
punctuated	equilibria	was	constructed	based	on	studies	of	animal	fossils;	unfortunately,	no	mention	is	made	of	plants.	The	theory	has	therefore	received	less	attention	from	paleobotanists.	It	is	true	that	in	extant	plants	rapid	changes	in	physiological	or	morphological	characteristics	associated	with	speciation	are	not	uncommon.	However,	such
phenomena	are	rarely	documented	in	the	fossil	record.For	example,	interspecific	hybridization	or	polyploidization	may	(almost	instantaneously)	form	new,	reproductively	isolated	species	whose	niches	may	differ	from	those	of	their	immediate	progenitors.	Thus,	in	plants,	rapid	species	formation	is	empirically	known.	Stasis	is	also	known	from	the	fossil
records	of	some	plant	lineages.	For	example,	in	terms	of	floral	structure,	extant	members	of	the	Loraceae,	Chloranthaceae,	Nymphaceae,	and	the	magnoliids	scarcely	differ	from	their	early-	to	mid-Cretaceous	ancestors.	Morphological	stasis	is	also	observed	in	gingkos,	Metasequoia,	cycads,	lycopods,	sphenopsids,	and	ferns	as	well	as	the	genus	Pinus,
which	arose	in	the	Jurassic.	Rapid	radiations	are	also	documented	in	the	plant	fossil	record,	as	occurred	after	the	rise	of	angiosperms	during	the	early	Cretaceous.	Thus,	the	plant	fossil	record	provides	clear	evidence	for	stasis	in	some	lineages	and	rapid	diversification	in	others.	Despite	these	observations,	paleobotanical	examples	of	lineages	whose
evolution	fits	the	predictions	of	the	punctuated	equilibrium	model	are	few.BibliographyEldredge,	N.	Time	Frames.	New	York:	Simon	and	Schuster,	1985.	Examples	of	different	tempos	of	evolution	as	judged	from	the	fossil	record,	including	an	extensive	bibliography.Eldredge,	N.,	and	S.	J.	Gould.	“Punctuated	Equilibria:	An	Alternative	to	Phyletic
Gradualism.”	In	Models	in	Paleobiology,	edited	by	T.	J.	M.	Schopf.	San	Francisco:	Freeman,	Cooper,	1972.	The	original	description	of	the	theory	of	punctuated	equilibria.Freeman,	S.,	and	J.	C.	Herron.	Evolutionary	Analysis.	2d	ed.	Upper	Saddle	River,	N.J.:	Prentice	Hall,	2001.	A	concise	explanation	of	the	theory	of	punctuated	equilibria.	Includes
examples	of	studies	that	support	the	theory	and	others	that	do	not.	Gradualism	and	punctuated	equilibrium	are	two	contrasting	theories	that	explain	the	pace	of	evolution.	Gradualism	suggests	that	evolution	occurs	slowly	and	steadily	over	long	periods	of	time,	with	small	and	incremental	changes	accumulating	to	result	in	significant	transformations.
On	the	other	hand,	punctuated	equilibrium	proposes	that	evolution	occurs	in	rapid	bursts	of	change,	separated	by	long	periods	of	stability.	While	gradualism	emphasizes	the	importance	of	gradual	and	continuous	adaptations,	punctuated	equilibrium	highlights	the	significance	of	sudden	and	dramatic	events	that	drive	evolutionary	change.	Both
theories	offer	valuable	insights	into	the	process	of	evolution,	but	they	differ	in	their	emphasis	on	the	pace	and	pattern	of	change.	In	the	field	of	evolutionary	biology,	two	contrasting	theories	have	emerged	to	explain	the	pace	and	pattern	of	evolutionary	change:	gradualism	and	punctuated	equilibrium.	These	theories	offer	different	perspectives	on	how
species	evolve	over	time,	with	each	proposing	distinct	mechanisms	and	patterns.	While	gradualism	suggests	that	evolution	occurs	through	slow	and	continuous	changes,	punctuated	equilibrium	argues	that	species	experience	long	periods	of	stasis	followed	by	rapid	bursts	of	evolutionary	change.	In	this	article,	we	will	explore	the	attributes	of	both
gradualism	and	punctuated	equilibrium,	highlighting	their	key	differences	and	similarities.GradualismGradualism,	as	the	name	suggests,	posits	that	evolutionary	change	occurs	gradually	and	continuously	over	long	periods	of	time.	According	to	this	theory,	species	evolve	through	the	accumulation	of	small,	incremental	changes	in	their	genetic	makeup.
These	changes	are	driven	by	natural	selection,	where	advantageous	traits	are	favored	and	passed	on	to	subsequent	generations.	Gradualism	assumes	that	the	rate	of	evolution	remains	relatively	constant,	resulting	in	a	smooth	and	linear	progression	of	species	over	time.One	of	the	main	attributes	of	gradualism	is	the	concept	of	transitional	forms.
Transitional	forms	are	intermediate	stages	between	two	distinct	species,	representing	the	gradual	transformation	from	one	form	to	another.	Fossil	records	often	provide	evidence	of	these	transitional	forms,	supporting	the	idea	that	species	evolve	through	a	series	of	small	changes.	For	example,	the	fossil	record	of	whales	shows	a	gradual	transition
from	land-dwelling	ancestors	to	fully	aquatic	creatures,	with	intermediate	forms	displaying	characteristics	of	both.Another	key	attribute	of	gradualism	is	the	notion	of	adaptive	radiation.	Adaptive	radiation	occurs	when	a	single	ancestral	species	diversifies	into	multiple	descendant	species,	each	occupying	different	ecological	niches.	This	process	is
thought	to	happen	gradually	over	time	as	species	adapt	to	new	environments	or	exploit	unoccupied	niches.	The	classic	example	of	adaptive	radiation	is	the	finches	observed	by	Charles	Darwin	in	the	Galapagos	Islands,	where	different	beak	shapes	evolved	to	suit	various	food	sources.Furthermore,	gradualism	suggests	that	speciation,	the	formation	of
new	species,	occurs	through	the	gradual	accumulation	of	genetic	differences.	This	process	is	often	driven	by	geographic	isolation,	where	populations	become	separated	and	experience	different	selective	pressures.	Over	time,	these	divergent	selective	pressures	lead	to	the	accumulation	of	genetic	differences,	eventually	resulting	in	reproductive
isolation	and	the	formation	of	distinct	species.In	summary,	gradualism	proposes	that	evolution	occurs	through	a	slow	and	continuous	process,	driven	by	natural	selection	and	the	accumulation	of	small	changes	over	time.	It	emphasizes	transitional	forms,	adaptive	radiation,	and	gradual	speciation	as	key	attributes	of	evolutionary	change.Punctuated
EquilibriumPunctuated	equilibrium,	in	contrast	to	gradualism,	suggests	that	species	experience	long	periods	of	stasis,	where	little	evolutionary	change	occurs,	punctuated	by	relatively	short	bursts	of	rapid	change.	This	theory,	proposed	by	Niles	Eldredge	and	Stephen	Jay	Gould	in	the	1970s,	challenges	the	notion	of	gradual	and	continuous	evolution
put	forth	by	gradualism.One	of	the	main	attributes	of	punctuated	equilibrium	is	the	concept	of	species	stability.	According	to	this	theory,	species	tend	to	remain	relatively	unchanged	for	extended	periods,	with	little	or	no	morphological	or	genetic	variation.	This	stability	is	thought	to	be	a	result	of	stabilizing	selection,	where	individuals	with	traits	close
to	the	average	of	the	population	are	favored.	As	a	result,	species	exhibit	long	periods	of	stasis,	maintaining	their	form	and	function	over	time.However,	punctuated	equilibrium	also	proposes	that	species	occasionally	undergo	rapid	bursts	of	evolutionary	change,	known	as	speciation	events.	These	events	are	thought	to	be	triggered	by	various	factors,
such	as	environmental	changes	or	the	opening	of	new	ecological	niches.	During	these	periods	of	rapid	change,	new	species	may	arise	relatively	quickly,	often	leaving	behind	little	fossil	evidence	due	to	their	limited	duration.Another	attribute	of	punctuated	equilibrium	is	the	concept	of	allopatric	speciation.	Allopatric	speciation	occurs	when	populations
become	geographically	isolated,	leading	to	the	formation	of	new	species.	This	process	is	thought	to	happen	relatively	rapidly,	as	the	isolated	populations	experience	different	selective	pressures	and	accumulate	genetic	differences.	Once	the	populations	come	into	contact	again,	they	may	no	longer	be	able	to	interbreed,	resulting	in	reproductive
isolation	and	the	formation	of	distinct	species.In	summary,	punctuated	equilibrium	proposes	that	species	experience	long	periods	of	stasis,	interrupted	by	rapid	bursts	of	evolutionary	change.	It	emphasizes	species	stability,	speciation	events,	and	allopatric	speciation	as	key	attributes	of	evolutionary	dynamics.Comparing	Gradualism	and	Punctuated
EquilibriumWhile	gradualism	and	punctuated	equilibrium	offer	contrasting	views	on	the	pace	and	pattern	of	evolutionary	change,	it	is	important	to	note	that	they	are	not	mutually	exclusive.	Both	theories	provide	valuable	insights	into	the	complex	nature	of	evolution	and	can	be	applied	to	different	contexts	and	species.One	key	difference	between
gradualism	and	punctuated	equilibrium	lies	in	the	rate	of	evolutionary	change.	Gradualism	suggests	a	relatively	constant	rate	of	change,	resulting	in	a	smooth	and	continuous	progression	of	species	over	time.	In	contrast,	punctuated	equilibrium	proposes	long	periods	of	stasis	followed	by	rapid	bursts	of	change.	This	difference	in	rate	can	be	attributed
to	various	factors,	such	as	the	stability	of	the	environment	or	the	occurrence	of	specific	events	triggering	rapid	evolution.Another	difference	lies	in	the	pattern	of	speciation.	Gradualism	suggests	that	speciation	occurs	gradually	through	the	accumulation	of	genetic	differences,	often	driven	by	geographic	isolation.	Punctuated	equilibrium,	on	the	other
hand,	proposes	that	speciation	events	can	happen	relatively	rapidly,	triggered	by	environmental	changes	or	the	opening	of	new	ecological	niches.	Both	theories	acknowledge	the	importance	of	speciation	in	driving	evolutionary	change	but	offer	different	perspectives	on	the	tempo	and	mode	of	speciation.Despite	these	differences,	gradualism	and
punctuated	equilibrium	also	share	some	common	attributes.	Both	theories	recognize	the	role	of	natural	selection	in	driving	evolutionary	change,	albeit	with	different	implications	for	the	rate	and	pattern	of	change.	Additionally,	both	theories	acknowledge	the	existence	of	transitional	forms,	although	gradualism	places	more	emphasis	on	their	gradual
accumulation,	while	punctuated	equilibrium	suggests	their	limited	occurrence	due	to	the	rapid	nature	of	evolutionary	change.Furthermore,	both	gradualism	and	punctuated	equilibrium	provide	valuable	frameworks	for	understanding	the	diversity	of	life	on	Earth.	While	gradualism	may	be	more	applicable	to	certain	lineages	or	environments,
punctuated	equilibrium	can	help	explain	the	rapid	diversification	observed	in	other	cases.	By	considering	the	attributes	of	both	theories,	scientists	can	gain	a	more	comprehensive	understanding	of	the	complex	processes	that	shape	the	evolution	of	species.ConclusionIn	conclusion,	gradualism	and	punctuated	equilibrium	represent	two	contrasting
theories	in	evolutionary	biology,	offering	different	perspectives	on	the	pace	and	pattern	of	evolutionary	change.	Gradualism	proposes	that	evolution	occurs	through	slow	and	continuous	changes,	emphasizing	transitional	forms,	adaptive	radiation,	and	gradual	speciation.	Punctuated	equilibrium,	on	the	other	hand,	suggests	that	species	experience	long
periods	of	stasis	punctuated	by	rapid	bursts	of	change,	highlighting	species	stability,	speciation	events,	and	allopatric	speciation.	While	these	theories	differ	in	their	views	on	the	rate	and	pattern	of	evolution,	they	also	share	common	attributes	and	can	be	applied	to	different	contexts.	By	considering	the	attributes	of	both	gradualism	and	punctuated
equilibrium,	scientists	can	gain	a	more	nuanced	understanding	of	the	complex	dynamics	of	evolution.	Comparisons	may	contain	inaccurate	information	about	people,	places,	or	facts.	Please	report	any	issues.	Gradualism,	punctuated	equilibrium,	evolution,	and	natural	selection	are	concepts	that	explore	the	mechanisms	by	which	species	change	over
time.	Gradualism	proposes	a	gradual	accumulation	of	small	changes	within	a	population,	while	punctuated	equilibrium	emphasizes	rapid	periods	of	change	interspersed	with	longer	periods	of	stasis.	Despite	their	contrasting	perspectives,	these	theories	share	a	common	goal	of	explaining	the	processes	that	drive	the	development	and	diversification	of
life	on	Earth.	Gradualism	and	Punctuated	Equilibrium:	Commonalities1.	Both	mechanisms	acknowledge	the	role	of	natural	selection.	Natural	selection	drives	the	evolutionary	process	by	selecting	individuals	with	traits	that	provide	a	survival	advantage.2.	Common	Ancestor:	Both	gradualism	and	punctuated	equilibrium	propose	that	all	living	organisms
share	a	common	ancestor	from	which	they	have	evolved.3.	Genetic	Variation:	Both	theories	recognize	the	importance	of	genetic	variation	within	populations.	Variation	occurs	due	to	mutations,	providing	the	raw	material	for	natural	selection	to	work	upon.4.	Fossil	Record:	Both	gradualism	and	punctuated	equilibrium	use	the	fossil	record	as	evidence
to	support	their	respective	theories.	Gradualists	point	to	gradual	changes	in	the	fossil	record,	while	proponents	of	punctuated	equilibrium	highlight	periods	of	rapid	change	interspersed	with	longer	periods	of	stasis.5.	Time	Scales:	Both	theories	acknowledge	that	evolution	occurs	over	long	time	scales,	spanning	millions	of	years.	However,	punctuated
equilibrium	suggests	that	evolutionary	change	can	occur	in	relatively	short	bursts,	while	gradualism	proposes	a	more	gradual,	continuous	process.6.	Speciation:	Both	theories	propose	mechanisms	for	speciation,	the	process	by	which	new	species	arise.	Gradualism	suggests	that	speciation	occurs	through	a	gradual	accumulation	of	small	genetic
changes,	while	punctuated	equilibrium	posits	that	speciation	can	occur	during	periods	of	rapid	change.7.	Role	of	Extinction	Events:	Both	theories	recognize	that	extinction	events	can	significantly	influence	evolutionary	trajectories.	Punctuated	equilibrium	emphasizes	the	role	of	mass	extinctions	in	creating	opportunities	for	the	diversification	of	new
species.8.	__Relative	Importance**:	While	both	theories	offer	plausible	explanations	for	evolutionary	change,	their	relative	prominence	has	shifted	over	time.	Early	on,	gradualism	was	the	dominant	theory.	However,	punctuated	equilibrium	gained	traction	in	the	late	20th	century,	especially	in	the	context	of	fossil	discoveries	that	suggested	periods	of
rapid	change	in	the	geologic	record.	Gradualism	and	Punctuated	Equilibrium:	Commonalities	Gradualism	and	punctuated	equilibrium	are	two	contrasting	viewpoints	on	how	evolution	occurs.	Despite	their	differences,	they	share	some	key	commonalities:	1.	Both	mechanisms	acknowledge	the	role	of	natural	selection.	Natural	selection	drives	the
evolutionary	process	by	selecting	individuals	with	traits	that	provide	a	survival	advantage.	2.	Common	Ancestor:	Both	gradualism	and	punctuated	equilibrium	propose	that	all	living	organisms	share	a	common	ancestor	from	which	they	have	evolved.	3.	Genetic	Variation:	Both	theories	recognize	the	importance	of	genetic	variation	within	populations.
Variation	occurs	due	to	mutations,	providing	the	raw	material	for	natural	selection	to	work	upon.	4.	Fossil	Record:	Both	gradualism	and	punctuated	equilibrium	use	the	fossil	record	as	evidence	to	support	their	respective	theories.	Gradualists	point	to	gradual	changes	in	the	fossil	record,	while	proponents	of	punctuated	equilibrium	highlight	periods	of
rapid	change	interspersed	with	longer	periods	of	stasis.	5.	Time	Scales:	Both	theories	acknowledge	that	evolution	occurs	over	long	time	scales,	spanning	millions	of	years.	However,	punctuated	equilibrium	suggests	that	evolutionary	change	can	occur	in	relatively	short	bursts,	while	gradualism	proposes	a	more	gradual,	continuous	process.	6.
Speciation:	Both	theories	propose	mechanisms	for	speciation,	the	process	by	which	new	species	arise.	Gradualism	suggests	that	speciation	occurs	through	a	gradual	accumulation	of	small	genetic	changes,	while	punctuated	equilibrium	posits	that	speciation	can	occur	during	periods	of	rapid	change.	7.	Role	of	Extinction	Events:	Both	theories
recognize	that	extinction	events	can	significantly	influence	evolutionary	trajectories.	Punctuated	equilibrium	emphasizes	the	role	of	mass	extinctions	in	creating	opportunities	for	the	diversification	of	new	species.	8.	__Relative	Importance**:	While	both	theories	offer	plausible	explanations	for	evolutionary	change,	their	relative	prominence	has	shifted
over	time.	Early	on,	gradualism	was	the	dominant	theory.	However,	punctuated	equilibrium	gained	traction	in	the	late	20th	century,	especially	in	the	context	of	fossil	discoveries	that	suggested	periods	of	rapid	change	in	the	geologic	record.	Question	1:	What	fundamental	similarities	characterize	the	concepts	of	gradualism	and	punctuated
equilibrium?	See	also		Unlock	Customer	Behavior:	Behavioral	Map	Marketing	AnalysisAnswer:	Gradualism	and	punctuated	equilibrium	share	the	common	view	of	evolution	as	a	process	driven	by	the	accumulation	of	genetic	changes	over	time.	Both	models	recognize	that	natural	selection	is	the	primary	mechanism	responsible	for	the	long-term
modification	of	species.	Question	2:	How	do	gradualism	and	punctuated	equilibrium	differ	in	their	perspectives	on	the	rate	of	evolutionary	change?	Answer:	Gradualism	proposes	a	slow	and	continuous	process	of	evolutionary	divergence,	with	gradual	changes	in	gene	frequencies	over	many	generations.	Punctuated	equilibrium,	in	contrast,	suggests
periods	of	relatively	rapid	speciation	(punctuated)	followed	by	long	intervals	of	stability	(equilibrium).	Question	3:	What	are	the	implications	of	gradualism	and	punctuated	equilibrium	for	our	understanding	of	species	origins?	Answer:	Gradualism	supports	the	idea	that	new	species	arise	through	a	gradual	accumulation	of	small	genetic	changes.
Punctuated	equilibrium	suggests	that	new	species	can	originate	rapidly	through	significant	genetic	changes	during	short,	discrete	periods	of	speciation.	Alright	guys	that’s	all	she	wrote	for	today’s	article.	I	hope	that	I	was	able	to	shed	some	light	on	the	similarities	and	differences	between	gradualism	and	punctuated	equilibrium.	If	you’re	still	a	little
confused,	don’t	worry,	I’ll	be	here	to	answer	any	questions	you	might	have	in	the	comments	section.	And	don’t	forget	to	check	back	later	for	more	awesome	science	stuff.	Later	taters!	Gradualism	is	the	idea	that	small	changes	build	up	over	time	to	create	big	changes.Punctuated	equilibrium	suggests	that	species	stay	the	same	for	a	long	time,	then
change	quickly.Fossils	are	important	evidence	for	both	gradualism	and	punctuated	equilibrium,	but	interpretations	differ.	Evolution	takes	a	very	long	time	to	become	visible.	Generation	after	generation	can	come	and	go	before	any	changes	in	a	species	are	observed.	There	is	some	debate	in	the	scientific	community	as	to	how	quickly	evolution	occurs.
The	two	generally	accepted	ideas	for	rates	of	evolution	are	called	gradualism	and	punctuated	equilibrium.	Based	on	geology	and	the	findings	of	James	Hutton	and	Charles	Lyell,	gradualism	states	that	large	changes	are	actually	the	culmination	very	small	changes	that	build	up	over	time.	Scientists	have	found	evidence	of	gradualism	in	geologic
processes,	which	the	Prince	Edward	Island	Department	of	education	describes	as	the	"...processes	at	work	in	the	earth's	landforms	and	surfaces.	The	mechanisms	involved,	weathering,	erosion,	and	plate	tectonics,	combine	processes	that	are	in	some	respects	destructive	and	in	others	constructive."	Geologic	processes	are	long,	slow	changes	that
occur	over	thousands	or	even	millions	of	years.	When	Charles	Darwin	first	began	formulating	his	theory	of	evolution,	he	adopted	this	idea.	The	fossil	record	is	evidence	that	supports	this	view.	There	are	many	transitional	fossils	that	show	structural	adaptations	of	species	as	they	transform	into	new	species.	Proponents	of	gradualism	say	that	the
geologic	time	scale	helps	show	how	species	have	changed	over	the	different	eras	since	life	began	on	Earth.	Punctuated	equilibrium,	by	contrast,	is	based	on	the	idea	that	since	you	cannot	see	changes	in	a	species,	there	must	be	very	long	periods	when	no	changes	occur.	Punctuated	equilibrium	asserts	that	evolution	occurs	in	short	bursts	followed	long
periods	of	equilibrium.	Put	another	way,	long	periods	of	equilibrium	(no	change)	are	"punctuated"	by	short	periods	of	rapid	change.	Proponents	of	punctuated	equilibrium	included	such	scientists	as	William	Bateson,	a	strong	opponent	of	Darwin's	views,	who	argued	that	species	do	not	evolve	gradually.	This	camp	of	scientists	believes	that	change
happens	very	rapidly	with	long	periods	of	stability	and	no	change	in	between.	Usually,	the	driving	force	of	evolution	is	some	sort	of	change	in	the	environment	that	necessitates	a	need	for	quick	change,	they	argue.	Strangely	enough,	scientists	in	both	camps	cite	the	fossil	record	as	evidence	to	support	their	views.	Proponents	of	punctuated	equilibrium
point	out	that	there	are	many	missing	links	in	the	fossil	record.	If	gradualism	is	the	correct	model	for	the	rate	of	evolution,	they	argue,	there	should	be	fossil	records	that	show	evidence	of	slow,	gradual	change.	Those	links	never	really	existed,	to	begin	with,	say	the	proponents	of	punctuated	equilibrium,	so	that	removes	the	issue	of	missing	links	in
evolution.	Darwin	also	pointed	to	fossil	evidence	that	showed	slight	changes	in	the	body	structure	of	the	species	over	time,	often	leading	to	vestigial	structures.	Of	course,	the	fossil	record	is	incomplete,	leading	to	the	problem	of	the	missing	links.	Currently,	neither	hypothesis	is	considered	more	accurate.	More	evidence	will	be	needed	before
gradualism	or	punctuated	equilibrium	is	declared	the	actual	mechanism	for	the	rate	of	evolution.	Gradualism	is	the	idea	that	small	changes	build	up	over	time	to	create	big	changes.Punctuated	equilibrium	suggests	that	species	stay	the	same	for	a	long	time,	then	change	quickly.Fossils	are	important	evidence	for	both	gradualism	and	punctuated
equilibrium,	but	interpretations	differ.	Evolution	takes	a	very	long	time	to	become	visible.	Generation	after	generation	can	come	and	go	before	any	changes	in	a	species	are	observed.	There	is	some	debate	in	the	scientific	community	as	to	how	quickly	evolution	occurs.	The	two	generally	accepted	ideas	for	rates	of	evolution	are	called	gradualism	and
punctuated	equilibrium.	Based	on	geology	and	the	findings	of	James	Hutton	and	Charles	Lyell,	gradualism	states	that	large	changes	are	actually	the	culmination	very	small	changes	that	build	up	over	time.	Scientists	have	found	evidence	of	gradualism	in	geologic	processes,	which	the	Prince	Edward	Island	Department	of	education	describes	as	the
"...processes	at	work	in	the	earth's	landforms	and	surfaces.	The	mechanisms	involved,	weathering,	erosion,	and	plate	tectonics,	combine	processes	that	are	in	some	respects	destructive	and	in	others	constructive."	Geologic	processes	are	long,	slow	changes	that	occur	over	thousands	or	even	millions	of	years.	When	Charles	Darwin	first	began
formulating	his	theory	of	evolution,	he	adopted	this	idea.	The	fossil	record	is	evidence	that	supports	this	view.	There	are	many	transitional	fossils	that	show	structural	adaptations	of	species	as	they	transform	into	new	species.	Proponents	of	gradualism	say	that	the	geologic	time	scale	helps	show	how	species	have	changed	over	the	different	eras	since
life	began	on	Earth.	Punctuated	equilibrium,	by	contrast,	is	based	on	the	idea	that	since	you	cannot	see	changes	in	a	species,	there	must	be	very	long	periods	when	no	changes	occur.	Punctuated	equilibrium	asserts	that	evolution	occurs	in	short	bursts	followed	long	periods	of	equilibrium.	Put	another	way,	long	periods	of	equilibrium	(no	change)	are
"punctuated"	by	short	periods	of	rapid	change.	Proponents	of	punctuated	equilibrium	included	such	scientists	as	William	Bateson,	a	strong	opponent	of	Darwin's	views,	who	argued	that	species	do	not	evolve	gradually.	This	camp	of	scientists	believes	that	change	happens	very	rapidly	with	long	periods	of	stability	and	no	change	in	between.	Usually,
the	driving	force	of	evolution	is	some	sort	of	change	in	the	environment	that	necessitates	a	need	for	quick	change,	they	argue.	Strangely	enough,	scientists	in	both	camps	cite	the	fossil	record	as	evidence	to	support	their	views.	Proponents	of	punctuated	equilibrium	point	out	that	there	are	many	missing	links	in	the	fossil	record.	If	gradualism	is	the
correct	model	for	the	rate	of	evolution,	they	argue,	there	should	be	fossil	records	that	show	evidence	of	slow,	gradual	change.	Those	links	never	really	existed,	to	begin	with,	say	the	proponents	of	punctuated	equilibrium,	so	that	removes	the	issue	of	missing	links	in	evolution.	Darwin	also	pointed	to	fossil	evidence	that	showed	slight	changes	in	the
body	structure	of	the	species	over	time,	often	leading	to	vestigial	structures.	Of	course,	the	fossil	record	is	incomplete,	leading	to	the	problem	of	the	missing	links.	Currently,	neither	hypothesis	is	considered	more	accurate.	More	evidence	will	be	needed	before	gradualism	or	punctuated	equilibrium	is	declared	the	actual	mechanism	for	the	rate	of
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same	for	a	long	time,	then	change	quickly.Fossils	are	important	evidence	for	both	gradualism	and	punctuated	equilibrium,	but	interpretations	differ.	Evolution	takes	a	very	long	time	to	become	visible.	Generation	after	generation	can	come	and	go	before	any	changes	in	a	species	are	observed.	There	is	some	debate	in	the	scientific	community	as	to	how
quickly	evolution	occurs.	The	two	generally	accepted	ideas	for	rates	of	evolution	are	called	gradualism	and	punctuated	equilibrium.	Based	on	geology	and	the	findings	of	James	Hutton	and	Charles	Lyell,	gradualism	states	that	large	changes	are	actually	the	culmination	very	small	changes	that	build	up	over	time.	Scientists	have	found	evidence	of
gradualism	in	geologic	processes,	which	the	Prince	Edward	Island	Department	of	education	describes	as	the	"...processes	at	work	in	the	earth's	landforms	and	surfaces.	The	mechanisms	involved,	weathering,	erosion,	and	plate	tectonics,	combine	processes	that	are	in	some	respects	destructive	and	in	others	constructive."	Geologic	processes	are	long,
slow	changes	that	occur	over	thousands	or	even	millions	of	years.	When	Charles	Darwin	first	began	formulating	his	theory	of	evolution,	he	adopted	this	idea.	The	fossil	record	is	evidence	that	supports	this	view.	There	are	many	transitional	fossils	that	show	structural	adaptations	of	species	as	they	transform	into	new	species.	Proponents	of	gradualism
say	that	the	geologic	time	scale	helps	show	how	species	have	changed	over	the	different	eras	since	life	began	on	Earth.	Punctuated	equilibrium,	by	contrast,	is	based	on	the	idea	that	since	you	cannot	see	changes	in	a	species,	there	must	be	very	long	periods	when	no	changes	occur.	Punctuated	equilibrium	asserts	that	evolution	occurs	in	short	bursts
followed	long	periods	of	equilibrium.	Put	another	way,	long	periods	of	equilibrium	(no	change)	are	"punctuated"	by	short	periods	of	rapid	change.	Proponents	of	punctuated	equilibrium	included	such	scientists	as	William	Bateson,	a	strong	opponent	of	Darwin's	views,	who	argued	that	species	do	not	evolve	gradually.	This	camp	of	scientists	believes
that	change	happens	very	rapidly	with	long	periods	of	stability	and	no	change	in	between.	Usually,	the	driving	force	of	evolution	is	some	sort	of	change	in	the	environment	that	necessitates	a	need	for	quick	change,	they	argue.	Strangely	enough,	scientists	in	both	camps	cite	the	fossil	record	as	evidence	to	support	their	views.	Proponents	of	punctuated
equilibrium	point	out	that	there	are	many	missing	links	in	the	fossil	record.	If	gradualism	is	the	correct	model	for	the	rate	of	evolution,	they	argue,	there	should	be	fossil	records	that	show	evidence	of	slow,	gradual	change.	Those	links	never	really	existed,	to	begin	with,	say	the	proponents	of	punctuated	equilibrium,	so	that	removes	the	issue	of
missing	links	in	evolution.	Darwin	also	pointed	to	fossil	evidence	that	showed	slight	changes	in	the	body	structure	of	the	species	over	time,	often	leading	to	vestigial	structures.	Of	course,	the	fossil	record	is	incomplete,	leading	to	the	problem	of	the	missing	links.	Currently,	neither	hypothesis	is	considered	more	accurate.	More	evidence	will	be	needed
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of	social	change,	see	Punctuated	equilibrium	in	social	theory.	For	the	album	by	Wino	(Scott	Weinrich),	see	Punctuated	Equilibrium	(album).	The	punctuated	equilibrium	model	(top)	consists	of	morphological	stability	followed	by	rare	bursts	of	evolutionary	change	via	rapid	cladogenesis	–	vertical	equilibrium	states	separated	by	horizontal	"jump"
phases.	In	contrast,	phyletic	gradualism	(below),	is	a	more	gradual,	continuous	model	of	evolution	–	with	accumulation	of	small	incremental	changes	represented	by	slanted	bars	that	split	at	branch-points,	where	two	separate	modes	of	life	are	feasible	but	of	which,	each	prospers	best	with	divergent	specializations.	Part	of	a	series	onEvolutionary
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(also	called	punctuated	equilibria)	is	a	theory	that	proposes	that	once	a	species	appears	in	the	fossil	record,	the	population	will	become	stable,	showing	little	evolutionary	change	for	most	of	its	geological	history.[1]	This	state	of	little	or	no	morphological	change	is	called	stasis.	When	significant	evolutionary	change	occurs,	the	theory	proposes	that	it	is
generally	restricted	to	rare	and	geologically	rapid	events	of	branching	speciation	called	cladogenesis.	Cladogenesis	is	the	process	by	which	a	species	splits	into	two	distinct	species,	rather	than	one	species	gradually	transforming	into	another.	Punctuated	equilibrium	is	commonly	contrasted	with	phyletic	gradualism,	the	idea	that	evolution	generally
occurs	uniformly	by	the	steady	and	gradual	transformation	of	whole	lineages	(anagenesis).[2]	In	1972,	paleontologists	Niles	Eldredge	and	Stephen	Jay	Gould	published	a	landmark	paper	developing	their	theory	and	called	it	punctuated	equilibria.[1]	Their	paper	built	upon	Ernst	Mayr's	model	of	geographic	speciation,[3]	I.	M.	Lerner's	theories	of
developmental	and	genetic	homeostasis,[4]	and	their	own	empirical	research.[5][6]	Eldredge	and	Gould	proposed	that	the	degree	of	gradualism	commonly	attributed	to	Charles	Darwin[7]	is	virtually	nonexistent	in	the	fossil	record,	and	that	stasis	dominates	the	history	of	most	fossil	species.	Punctuated	equilibrium	originated	as	a	logical	consequence
of	Ernst	Mayr's	concept	of	genetic	revolutions	by	allopatric	and	especially	peripatric	speciation	as	applied	to	the	fossil	record.	Although	the	sudden	appearance	of	species	and	its	relationship	to	speciation	was	proposed	and	identified	by	Mayr	in	1954,[3]	historians	of	science	generally	recognize	the	1972	Eldredge	and	Gould	paper	as	the	basis	of	the
new	paleobiological	research	program.[8][9][10][11]	Punctuated	equilibrium	differs	from	Mayr's	ideas	mainly	in	that	Eldredge	and	Gould	placed	considerably	greater	emphasis	on	stasis,	whereas	Mayr	was	concerned	with	explaining	the	morphological	discontinuity	(or	"sudden	jumps")[12]	found	in	the	fossil	record.[8]	Mayr	later	complimented
Eldredge	and	Gould's	paper,	stating	that	evolutionary	stasis	had	been	"unexpected	by	most	evolutionary	biologists"	and	that	punctuated	equilibrium	"had	a	major	impact	on	paleontology	and	evolutionary	biology."[8]	A	year	before	their	1972	Eldredge	and	Gould	paper,	Niles	Eldredge	published	a	paper	in	the	journal	Evolution	which	suggested	that
gradual	evolution	was	seldom	seen	in	the	fossil	record	and	argued	that	Ernst	Mayr's	standard	mechanism	of	allopatric	speciation	might	suggest	a	possible	resolution.[5]	The	Eldredge	and	Gould	paper	was	presented	at	the	Annual	Meeting	of	the	Geological	Society	of	America	in	1971.[1]	The	symposium	focused	its	attention	on	how	modern
microevolutionary	studies	could	revitalize	various	aspects	of	paleontology	and	macroevolution.	Tom	Schopf,	who	organized	that	year's	meeting,	assigned	Gould	the	topic	of	speciation.	Gould	recalls	that	"Eldredge's	1971	publication	[on	Paleozoic	trilobites]	had	presented	the	only	new	and	interesting	ideas	on	the	paleontological	implications	of	the
subject—so	I	asked	Schopf	if	we	could	present	the	paper	jointly."[13]	According	to	Gould	"the	ideas	came	mostly	from	Niles,	with	yours	truly	acting	as	a	sounding	board	and	eventual	scribe.	I	coined	the	term	punctuated	equilibrium	and	wrote	most	of	our	1972	paper,	but	Niles	is	the	proper	first	author	in	our	pairing	of	Eldredge	and	Gould."[14]	In	his
book	Time	Frames	Eldredge	recalls	that	after	much	discussion	the	pair	"each	wrote	roughly	half.	Some	of	the	parts	that	would	seem	obviously	the	work	of	one	of	us	were	actually	first	penned	by	the	other—I	remember	for	example,	writing	the	section	on	Gould's	snails.	Other	parts	are	harder	to	reconstruct.	Gould	edited	the	entire	manuscript	for	better
consistency.	We	sent	it	in,	and	Schopf	reacted	strongly	against	it—thus	signaling	the	tenor	of	the	reaction	it	has	engendered,	though	for	shifting	reasons,	down	to	the	present	day."[15]	John	Wilkins	and	Gareth	Nelson	have	argued	that	French	architect	Pierre	Trémaux	proposed	an	"anticipation	of	the	theory	of	punctuated	equilibrium	of	Gould	and
Eldredge."[16]	Main	article:	Rate	of	evolution	The	fossil	record	includes	well	documented	examples	of	both	phyletic	gradualism	and	punctuational	evolution.[17]	As	such,	much	debate	persists	over	the	prominence	of	stasis	in	the	fossil	record.[18][19]	Before	punctuated	equilibrium,	most	evolution	biologists	considered	stasis	to	be	rare	or	unimportant.
[8][20][21]	The	paleontologist	George	Gaylord	Simpson,	for	example,	believed	that	phyletic	gradual	evolution	(called	horotely	in	his	terminology)	comprised	90%	of	evolution.[22]	More	modern	studies,[23][24][25]	including	a	meta-analysis	examining	58	published	studies	on	speciation	patterns	in	the	fossil	record	showed	that	71%	of	species	exhibited
stasis,[26]	and	63%	were	associated	with	punctuated	patterns	of	evolutionary	change.[27]	According	to	Michael	Benton,	"it	seems	clear	then	that	stasis	is	common,	and	that	had	not	been	predicted	from	modern	genetic	studies."[17]	A	paramount	example	of	evolutionary	stasis	is	the	fern	Osmunda	claytoniana.	Based	on	paleontological	evidence	it	has
remained	unchanged,	even	at	the	level	of	fossilized	nuclei	and	chromosomes,	for	at	least	180	million	years.[28]	When	Eldredge	and	Gould	published	their	1972	paper,	allopatric	speciation	was	considered	the	"standard"	model	of	speciation.[1]	This	model	was	popularized	by	Ernst	Mayr	in	his	1954	paper	"Change	of	genetic	environment	and	evolution,"
[3]	and	his	classic	volume	Animal	Species	and	Evolution	(1963).[29]	Allopatric	speciation	suggests	that	species	with	large	central	populations	are	stabilized	by	their	large	volume	and	the	process	of	gene	flow.	New	and	even	beneficial	mutations	are	diluted	by	the	population's	large	size	and	are	unable	to	reach	fixation,	due	to	such	factors	as	constantly
changing	environments.[29]	If	this	is	the	case,	then	the	transformation	of	whole	lineages	should	be	rare,	as	the	fossil	record	indicates.	Smaller	populations	on	the	other	hand,	which	are	isolated	from	the	parental	stock,	are	decoupled	from	the	homogenizing	effects	of	gene	flow.	In	addition,	pressure	from	natural	selection	is	especially	intense,	as
peripheral	isolated	populations	exist	at	the	outer	edges	of	ecological	tolerance.	If	most	evolution	happens	in	these	rare	instances	of	allopatric	speciation	then	evidence	of	gradual	evolution	in	the	fossil	record	should	be	rare.	This	hypothesis	was	alluded	to	by	Mayr	in	the	closing	paragraph	of	his	1954	paper:	Rapidly	evolving	peripherally	isolated
populations	may	be	the	place	of	origin	of	many	evolutionary	novelties.	Their	isolation	and	comparatively	small	size	may	explain	phenomena	of	rapid	evolution	and	lack	of	documentation	in	the	fossil	record,	hitherto	puzzling	to	the	palaeontologist.[3]	Although	punctuated	equilibrium	generally	applies	to	sexually	reproducing	organisms,[30]	some
biologists	have	applied	the	model	to	non-sexual	species	like	viruses,[31][32]	which	cannot	be	stabilized	by	conventional	gene	flow.	As	time	went	on	biologists	like	Gould	moved	away	from	wedding	punctuated	equilibrium	to	allopatric	speciation,	particularly	as	evidence	accumulated	in	support	of	other	modes	of	speciation.[2]	Gould,	for	example,	was
particularly	attracted	to	Douglas	Futuyma's	work	on	the	importance	of	reproductive	isolating	mechanisms.[33]	Many	hypotheses	have	been	proposed	to	explain	the	putative	causes	of	stasis.	Gould	was	initially	attracted	to	I.	Michael	Lerner's	theories	of	developmental	and	genetic	homeostasis.	However	this	hypothesis	was	rejected	over	time,[34]	as
evidence	accumulated	against	it.[18]	Other	plausible	mechanisms	which	have	been	suggested	include:	habitat	tracking,[35][36]	stabilizing	selection,[37]	the	Stenseth-Maynard	Smith	stability	hypothesis,[38]	constraints	imposed	by	the	nature	of	subdivided	populations,[37]	normalizing	clade	selection,[39]	and	koinophilia.[40][41]	Evidence	for	stasis
has	also	been	corroborated	from	the	genetics	of	sibling	species,	species	which	are	morphologically	indistinguishable,	but	whose	proteins	have	diverged	sufficiently	to	suggest	they	have	been	separated	for	millions	of	years.[42]	Fossil	evidence	of	reproductively	isolated	extant	species	of	sympatric	Olive	Shells	(Amalda	sp.)	also	confirm	morphological
stasis	in	multiple	lineages	over	three	million	years.[43][44]	According	to	Gould,	"stasis	may	emerge	as	the	theory's	most	important	contribution	to	evolutionary	science."[45]	Philosopher	Kim	Sterelny	in	clarifying	the	meaning	of	stasis	adds,	"In	claiming	that	species	typically	undergo	no	further	evolutionary	change	once	speciation	is	complete,	they	are
not	claiming	that	there	is	no	change	at	all	between	one	generation	and	the	next.	Lineages	do	change.	But	the	change	between	generations	does	not	accumulate.	Instead,	over	time,	the	species	wobbles	about	its	phenotypic	mean.	Jonathan	Weiner's	The	Beak	of	the	Finch	describes	this	very	process."[46]	Punctuated	equilibrium	has	also	been	cited	as
contributing	to	the	hypothesis	that	species	are	Darwinian	individuals,	and	not	just	classes,	thereby	providing	a	stronger	framework	for	a	hierarchical	theory	of	evolution.[47]	Much	confusion	has	arisen	over	what	proponents	of	punctuated	equilibrium	actually	argued,	what	mechanisms	they	advocated,	how	fast	the	punctuations	were,	what	taxonomic
scale	their	theory	applied	to,	how	revolutionary	their	claims	were	intended	to	be,	and	how	punctuated	equilibrium	related	to	other	ideas	like	saltationism,	quantum	evolution,	and	mass	extinction.[48]	Alternative	explanations	for	the	punctuated	pattern	of	evolution	observed	in	the	fossil	record.	Both	macromutation	and	seemingly	"rapid"	episodes	of
gradual	evolution	could	give	the	appearance	of	instantaneous	change,	since	10,000	years	seldom	registers	in	the	geological	record.	The	punctuational	nature	of	punctuated	equilibrium	has	engendered	perhaps	the	most	confusion	over	Eldredge	and	Gould's	theory.	Gould's	sympathetic	treatment	of	Richard	Goldschmidt,[49]	the	controversial	geneticist
who	advocated	the	idea	of	"hopeful	monsters,"	led	some	biologists	to	conclude	that	Gould's	punctuations	were	occurring	in	single-generation	jumps.[50][51][52][53]	This	interpretation	has	frequently	been	used	by	creationists	to	characterize	the	weakness	of	the	paleontological	record,	and	to	portray	contemporary	evolutionary	biology	as	advancing
neo-saltationism.[54]	In	an	often	quoted	remark,	Gould	stated,	"Since	we	proposed	punctuated	equilibria	to	explain	trends,	it	is	infuriating	to	be	quoted	again	and	again	by	creationists	–	whether	through	design	or	stupidity,	I	do	not	know	–	as	admitting	that	the	fossil	record	includes	no	transitional	forms.	Transitional	forms	are	generally	lacking	at	the
species	level,	but	they	are	abundant	between	larger	groups."[55]	Although	there	exist	some	debate	over	how	long	the	punctuations	last,	supporters	of	punctuated	equilibrium	generally	place	the	figure	between	50,000	and	100,000	years.[56]	Quantum	evolution	was	a	controversial	hypothesis	advanced	by	Columbia	University	paleontologist	George
Gaylord	Simpson,	regarded	by	Gould	as	"the	greatest	and	most	biologically	astute	paleontologist	of	the	twentieth	century."[57]	Simpson's	conjecture	was	that	according	to	the	geological	record,	on	very	rare	occasions	evolution	would	proceed	very	rapidly	to	form	entirely	new	families,	orders,	and	classes	of	organisms.[58][59]	This	hypothesis	differs
from	punctuated	equilibrium	in	several	respects.	First,	punctuated	equilibrium	was	more	modest	in	scope,	in	that	it	was	addressing	evolution	specifically	at	the	species	level.[24]	Simpson's	idea	was	principally	concerned	with	evolution	at	higher	taxonomic	groups.[58]	Second,	Eldredge	and	Gould	relied	upon	a	different	mechanism.	Where	Simpson
relied	upon	a	synergistic	interaction	between	genetic	drift	and	a	shift	in	the	adaptive	fitness	landscape,[60]	Eldredge	and	Gould	relied	upon	ordinary	speciation,	particularly	Ernst	Mayr's	concept	of	allopatric	speciation.	Lastly,	and	perhaps	most	significantly,	quantum	evolution	took	no	position	on	the	issue	of	stasis.	Although	Simpson	acknowledged
the	existence	of	stasis	in	what	he	called	the	bradytelic	mode,	he	considered	it	(along	with	rapid	evolution)	to	be	unimportant	in	the	larger	scope	of	evolution.[61]	In	his	Major	Features	of	Evolution	Simpson	stated,	"Evolutionary	change	is	so	nearly	the	universal	rule	that	a	state	of	motion	is,	figuratively,	normal	in	evolving	populations.	The	state	of	rest,
as	in	bradytely,	is	the	exception	and	it	seems	that	some	restraint	or	force	must	be	required	to	maintain	it."	Despite	such	differences	between	the	two	models,	earlier	critiques—from	such	eminent	commentators	as	Sewall	Wright	as	well	as	Simpson	himself—have	argued	that	punctuated	equilibrium	is	little	more	than	quantum	evolution	relabeled.[62]



[63]	Punctuated	equilibrium	is	often	portrayed	to	oppose	the	concept	of	gradualism,	when	it	is	actually	a	form	of	gradualism.[64]	This	is	because	even	though	evolutionary	change	appears	instantaneous	between	geological	sedimentary	layers,	change	is	still	occurring	incrementally,	with	no	great	change	from	one	generation	to	the	next.	To	this	end,
Gould	later	commented	that	"Most	of	our	paleontological	colleagues	missed	this	insight	because	they	had	not	studied	evolutionary	theory	and	either	did	not	know	about	allopatric	speciation	or	had	not	considered	its	translation	to	geological	time.	Our	evolutionary	colleagues	also	failed	to	grasp	the	implication(s),	primarily	because	they	did	not	think	at
geological	scales".[14]	Richard	Dawkins	dedicates	a	chapter	in	The	Blind	Watchmaker	to	correcting,	in	his	view,	the	wide	confusion	regarding	rates	of	change.	His	first	point	is	to	argue	that	phyletic	gradualism—understood	in	the	sense	that	evolution	proceeds	at	a	single	uniform	speed,	called	"constant	speedism"	by	Dawkins—is	a	"caricature	of
Darwinism"[65]	and	"does	not	really	exist".[66]	His	second	argument,	which	follows	from	the	first,	is	that	once	the	caricature	of	"constant	speedism"	is	dismissed,	we	are	left	with	one	logical	alternative,	which	Dawkins	terms	"variable	speedism".	Variable	speedism	may	also	be	distinguished	one	of	two	ways:	"discrete	variable	speedism"	and
"continuously	variable	speedism".	Eldredge	and	Gould,	proposing	that	evolution	jumps	between	stability	and	relative	rapidity,	are	described	as	"discrete	variable	speedists",	and	"in	this	respect	they	are	genuinely	radical."[67]	They	assert	that	evolution	generally	proceeds	in	bursts,	or	not	at	all.	"Continuously	variable	speedists",	on	the	other	hand,
advance	that	"evolutionary	rates	fluctuate	continuously	from	very	fast	to	very	slow	and	stop,	with	all	intermediates.	They	see	no	particular	reason	to	emphasize	certain	speeds	more	than	others.	In	particular,	stasis,	to	them,	is	just	an	extreme	case	of	ultra-slow	evolution.	To	a	punctuationist,	there	is	something	very	special	about	stasis."[68]	See	also:
Species	problem,	Species	complex,	and	Push	of	the	past	Richard	Dawkins	regards	the	apparent	gaps	represented	in	the	fossil	record	as	documenting	migratory	events	rather	than	evolutionary	events.	According	to	Dawkins,	evolution	certainly	occurred	but	"probably	gradually"	elsewhere.[69]	However,	the	punctuational	equilibrium	model	may	still	be
inferred	from	both	the	observation	of	stasis	and	examples	of	rapid	and	episodic	speciation	events	documented	in	the	fossil	record.[70]	Dawkins	also	emphasizes	that	punctuated	equilibrium	has	been	"oversold	by	some	journalists",[71]	but	partly	due	to	Eldredge	and	Gould's	"later	writings".[72]	Dawkins	contends	that	the	hypothesis	"does	not	deserve	a
particularly	large	measure	of	publicity".[73]	It	is	a	"minor	gloss,"	an	"interesting	but	minor	wrinkle	on	the	surface	of	neo-Darwinian	theory,"	and	"lies	firmly	within	the	neo-Darwinian	synthesis".[74]	In	his	book	Darwin's	Dangerous	Idea,	philosopher	Daniel	Dennett	is	especially	critical	of	Gould's	presentation	of	punctuated	equilibrium.	Dennett	argues
that	Gould	alternated	between	revolutionary	and	conservative	claims,	and	that	each	time	Gould	made	a	revolutionary	statement—or	appeared	to	do	so—he	was	criticized,	and	thus	retreated	to	a	traditional	neo-Darwinian	position.[75]	Gould	responded	to	Dennett's	claims	in	The	New	York	Review	of	Books,[76]	and	in	his	technical	volume	The	Structure
of	Evolutionary	Theory.[77]	English	professor	Heidi	Scott	argues	that	Gould's	talent	for	writing	vivid	prose,	his	use	of	metaphor,	and	his	success	in	building	a	popular	audience	of	nonspecialist	readers	altered	the	"climate	of	specialized	scientific	discourse"	favorably	in	his	promotion	of	punctuated	equilibrium.[78]	While	Gould	is	celebrated	for	the
color	and	energy	of	his	prose,	as	well	as	his	interdisciplinary	knowledge,	critics	such	as	Scott,	Richard	Dawkins,	and	Daniel	Dennett	have	concerns	that	the	theory	has	gained	undeserved	credence	among	non-scientists	because	of	Gould's	rhetorical	skills.[78]	Philosopher	John	Lyne	and	biologist	Henry	Howe	believed	punctuated	equilibrium's	success
has	much	more	to	do	with	the	nature	of	the	geological	record	than	the	nature	of	Gould's	rhetoric.	They	state,	a	"re-analysis	of	existing	fossil	data	has	shown,	to	the	increasing	satisfaction	of	the	paleontological	community,	that	Eldredge	and	Gould	were	correct	in	identifying	periods	of	evolutionary	stasis	which	are	interrupted	by	much	shorter	periods
of	evolutionary	change."[79]	Evolutionary	biologist	Robert	Trivers	accused	Gould	of	being	"something	of	an	intellectual	fraud"	for	using	claims	that	were	"well	known	from	the	time	of	Darwin"	(that	evolution	displayed	"periods	of	long	stasis	interspersed	with	periods	of	rapid	change")	to	support	distinct	but	more	"grandiose"	claims	regarding	species
selection,	despite	the	"rate	of	species	turnover	[having]	nothing	to	do	with	the	traits	within	species—only	with	the	relative	frequency	of	species	showing	these	traits".[80]	Some	critics	jokingly	referred	to	the	theory	of	punctuated	equilibrium	as	"evolution	by	jerks",[81]	which	reportedly	prompted	punctuationists	to	describe	phyletic	gradualism	as
"evolution	by	creeps."[82]	The	sudden	appearance	of	most	species	in	the	geologic	record	and	the	lack	of	evidence	of	substantial	gradual	change	in	most	species—from	their	initial	appearance	until	their	extinction—has	long	been	noted,	including	by	Charles	Darwin,	who	appealed	to	the	imperfection	of	the	record	as	the	favored	explanation.[83][84]
When	presenting	his	ideas	against	the	prevailing	influences	of	catastrophism	and	progressive	creationism,	which	envisaged	species	being	supernaturally	created	at	intervals,	Darwin	needed	to	forcefully	stress	the	gradual	nature	of	evolution	in	accordance	with	the	gradualism	promoted	by	his	friend	Charles	Lyell.	He	privately	expressed	concern,
noting	in	the	margin	of	his	1844	Essay,	"Better	begin	with	this:	If	species	really,	after	catastrophes,	created	in	showers	world	over,	my	theory	false."[85]	It	is	often	incorrectly	assumed	that	he	insisted	that	the	rate	of	change	must	be	constant,	or	nearly	so,	but	even	the	first	edition	of	On	the	Origin	of	Species	states	that	"Species	of	different	genera	and
classes	have	not	changed	at	the	same	rate,	or	in	the	same	degree.	In	the	oldest	tertiary	beds	a	few	living	shells	may	still	be	found	in	the	midst	of	a	multitude	of	extinct	forms...	The	Silurian	Lingula	differs	but	little	from	the	living	species	of	this	genus".	Lingula	is	among	the	few	brachiopods	surviving	today	but	also	known	from	fossils	over	500	million
years	old.[86]	In	the	fourth	edition	(1866)	of	On	the	Origin	of	Species	Darwin	wrote	that	"the	periods	during	which	species	have	undergone	modification,	though	long	as	measured	in	years,	have	probably	been	short	in	comparison	with	the	periods	during	which	they	retain	the	same	form."[87]	Thus	punctuationism	in	general	is	consistent	with	Darwin's
conception	of	evolution.[85]	According	to	early	versions	of	punctuated	equilibrium,	"peripheral	isolates"	are	considered	to	be	of	critical	importance	for	speciation.	However,	Darwin	wrote,	"I	can	by	no	means	agree	...	that	immigration	and	isolation	are	necessary	elements.	...	Although	isolation	is	of	great	importance	in	the	production	of	new	species,	on
the	whole	I	am	inclined	to	believe	that	largeness	of	area	is	still	more	important,	especially	for	the	production	of	species	which	shall	prove	capable	of	enduring	for	a	long	period,	and	of	spreading	widely."[88]	The	importance	of	isolation	in	forming	species	had	played	a	significant	part	in	Darwin's	early	thinking,	as	shown	in	his	Essay	of	1844.	But	by	the
time	he	wrote	the	Origin	he	had	downplayed	its	importance.[85]	He	explained	the	reasons	for	his	revised	view	as	follows:	Throughout	a	great	and	open	area,	not	only	will	there	be	a	greater	chance	of	favourable	variations,	arising	from	the	large	number	of	individuals	of	the	same	species	there	supported,	but	the	conditions	of	life	are	much	more
complex	from	the	large	number	of	already	existing	species;	and	if	some	of	these	species	become	modified	and	improved,	others	will	have	to	be	improved	in	a	corresponding	degree,	or	they	will	be	exterminated.	Each	new	form,	also,	as	soon	as	it	has	been	improved,	will	be	able	to	spread	over	the	open	and	continuous	area,	and	will	thus	come	into
competition	with	many	other	forms	...	the	new	forms	produced	on	large	areas,	which	have	already	been	victorious	over	many	competitors,	will	be	those	that	will	spread	most	widely,	and	will	give	rise	to	the	greatest	number	of	new	varieties	and	species.	They	will	thus	play	a	more	important	role	in	the	changing	history	of	the	organic	world.[89]	Thus
punctuated	equilibrium	is	incongruous	with	some	of	Darwin's	ideas	regarding	the	specific	mechanisms	of	evolution,	but	generally	accords	with	Darwin's	theory	of	evolution	by	natural	selection.[85][90]	See	also:	Rapid	modes	of	evolution	Recent	work	in	developmental	biology	has	identified	dynamical	and	physical	mechanisms	of	tissue	morphogenesis
that	may	underlie	abrupt	morphological	transitions	during	evolution.	Consequently,	consideration	of	mechanisms	of	phylogenetic	change	that	have	been	found	in	reality	to	be	non-gradual	is	increasingly	common	in	the	field	of	evolutionary	developmental	biology,	particularly	in	studies	of	the	origin	of	morphological	novelty.	A	description	of	such
mechanisms	can	be	found	in	the	multi-authored	volume	Origination	of	Organismal	Form	(MIT	Press;	2003).	See	also:	Language	change	In	linguistics,	R.	M.	W.	Dixon	has	proposed	a	punctuated	equilibrium	model	for	language	histories,[91]	with	reference	particularly	to	the	prehistory	of	the	indigenous	languages	of	Australia	and	his	objections	to	the
proposed	Pama–Nyungan	language	family	there.	Although	his	model	has	raised	considerable	interest,	it	does	not	command	majority	support	within	linguistics.[92]	Separately,	recent	work	using	computational	phylogenetic	methods	claims	to	show	that	punctuational	bursts	play	an	important	factor	when	languages	split	from	one	another,	accounting	for
anywhere	from	10	to	33%	of	the	total	divergence	in	vocabulary.[93]	Punctuational	evolution	has	been	argued	to	explain	changes	in	folktales	and	mythology	over	time.[94]	Speciation	Adaptive	radiation	Catastrophe	theory	Convergent	evolution	Court	Jester	Hypothesis	Critical	juncture	theory	Evolutionary	capacitance	Gene	orders	Koinophilia
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John	Carey,	Newsweek	Retrieved	from	"	Gradualism	and	punctuated	equilibrium	are	two	ways	in	which	the	evolution	of	a	species	can	occur.	A	species	can	evolve	by	only	one	of	these,	or	by	both.	Scientists	think	that	species	with	a	shorter	evolution	evolved	mostly	by	punctuated	equilibrium,	and	those	with	a	longer	evolution	evolved	mostly	by
gradualism.Gradualism	is	selection	and	variation	that	happens	more	gradually.	Over	a	short	period	of	time	it	is	hard	to	notice.	Small	variations	that	fit	an	organism	slightly	better	to	its	environment	are	selected	for:	a	few	more	individuals	with	more	of	the	helpful	trait	survive,	and	a	few	more	with	less	of	the	helpful	trait	die.	Very	gradually,	over	a	long
time,	the	population	changes.	Change	is	slow,	constant,	and	consistent.In	punctuated	equilibrium,	change	comes	in	spurts.	There	is	a	period	of	very	little	change,	and	then	one	or	a	few	huge	changes	occur,	often	through	mutations	in	the	genes	of	a	few	individuals.	Mutations	are	random	changes	in	the	DNA	that	are	not	inherited	from	the	previous
generation,	but	are	passed	on	to	generations	that	follow.	Though	mutations	are	often	harmful,	the	mutations	that	result	in	punctuated	equilibrium	are	very	helpful	to	the	individuals	in	their	environments.	Because	these	mutations	are	so	different	and	so	helpful	to	the	survival	of	those	that	have	them,	the	proportion	of	individuals	in	the	population	who
have	the	mutation/trait	and	those	who	don't	changes	a	lot	over	a	very	short	period	of	time.	The	species	changes	very	rapidly	over	a	few	generations,	then	settles	down	again	to	a	period	of	little	change.This	explanation	talks	about	punctuated	equilibrium	as	the	result	of	one	or	a	few	mutations	that	cause	large	change.	However,	punctuated	equilibrium
is	any	sudden,	rapid	change	in	a	species	and	can	also	be	the	result	of	other	causes,	such	as	huge	and	sudden	changes	in	the	environment	that	result	in	more	rapid	changes	in	the	organisms	through	harsher	selection.How	did	the	tiger	get	its	stripes:	gradualism	or	punctuated	equilibrium?	We	don't	know	whether	the	tiger	got	its	stripes	through
gradualism	or	punctuated	equilibrium,	but	in	order	to	explain	both	concepts,	here	is	how	it	could	have	happened	through	each.	Let's	assume	that	stripes	are	helpful	because	they	help	the	tiger	to	camouflage,	blend	in	with	the	tall	grasses	where	it	lives,	so	that	it	can	sneak	up	on	its	prey	(what	it	eats)	and	not	be	noticed.Gradualism:	A	long	time	ago,
there	were	a	lot	of	tiger-like	animals,	but	without	stripes.	Most	of	them	were	unmarked,	but	a	few	had	light	markings	and	color	variation	in	their	fur.	These	few	blended	in	with	the	tall	grasses	a	little	bit	better,	so	they	were	generally	able	to	catch	more	food,	and	fewer	of	the	marked	than	unmarked	ones	died	of	hunger,	so	more	of	them	were	able	to
reproduce.	In	the	next	generation,	more	animals	were	marked	than	in	the	previous	generation.	Of	those	that	were	marked,	some	had	more,	some	less,	and	some	the	same	amount	of	marks	than	in	the	previous	generation.	Also,	the	marks	were	more,	less,	or	the	same	amount	clearly	defined.	Again,	the	ones	with	marks	did	better	than	the	ones	without,
and	the	ones	with	more,	clearly	defined	marks	did	better	than	the	ones	with	fewer	or	fainter	marks.	Very	gradually,	over	many,	many	generations,	stripes	over	the	tigers'	whole	bodies	formed	and	appeared	in	the	whole	population,	because	the	tigers	that	survived	in	each	generation	were	those	whose	marks	were	most	clear	and	contrasted	most	with
the	rest	of	the	fur,	and	those	that	covered	the	most	area	on	the	bodies	of	the	tigers.Punctuated	equilibrium:	A	long	time	ago,	there	were	a	lot	of	tiger-like	animals,	but	without	stripes.	One	time,	a	mutation	occurred	in	a	few	of	the	animals,	causing	a	huge	change:	they	were	born	with	stripes!	This	was	so	helpful	to	survival	that	out	of	the	whole
population,	none	or	almost	none	of	those	with	stripes	died	of	hunger.	They	lived	to	reproduce,	and	their	striped	offspring	also	did	very	well.	Over	only	a	few	generations,	the	whole	population	was	born	striped.A	combination:	Here	is	one	idea	of	how	tigers	could	have	gotten	their	stripes	by	both	gradualism	and	punctuated	equilibrium:	A	mutation	had	a
huge	affect,	causing	distinct,	stripe-like	markings.	These	were	then	gradually	"polished	up"	into	stripes.The	idea	of	punctuated	equilibrium	originated	long	after	the	idea	of	gradualism.	Darwin	saw	evolution	as	being	"steady,	slow,	and	continuous".	Later,	scientists	were	studying	fossils	and	they	found	that	some	species	have	their	evolution	almost
"mapped	out"	in	fossils.	For	others	they	found	a	few,	very	different	species	along	the	evolutionary	course,	but	very	few	or	no	fossils	of	"in	between"	organisms.	Also,	when	dating	the	fossils,	scientists	saw	that	in	some	species	change	was	very	slow,	but	in	others,	it	must	have	occurred	rapidly	to	be	able	to	produce	such	change	over	such	a	short	amount
of	time.	The	scientists	reasoned	that	there	had	to	be	another	way	that	evolution	could	have	happened	that	was	quicker	and	had	fewer	intermediate	species,	so	the	idea	of	punctuated	equilibrium	was	formed.


