
Biodiversity	in	Tropical	Rain	
Forests	

Defining	and	measuring	diversity	across	scales	
	

Species	diversity	gradients	and	hypotheses	
	

Models	for	maintenance	of	diversity	



Species	richness	is	the	number	of	species	in	an	ecosystem,	or	how	
many	different	species	of	a	parAcular	group	inhabit	a	specific	area	
	
Species	diversity	measures	incorporate	the	number	of	species	and	
their	relaAve	abundances	(evenness)	

Measuring	Diversity	

Consider	these	two	communi0es	that	have	the	same	richness	but	differ	in	evenness	
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Species	dominance	paEerns	across	regions:	
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Measuring	Diversity	

Any	individual	tropical	species	
accounts	for	a	smaller	
proporAon	of	the	total	
abundance	of	individuals	
summed	across	all	species.	

Tropical	areas	tend	to	have	more	species,	but	those	species	tend	to	be	
numerically	rare.	In	temperate	regions,	there	are	fewer	overall	species,	
many	of	which	occur	in	high	abundance.		
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Measuring	Diversity	

species. Different plant communities 
produce characteristic "dominance-di-
versity" curves when the importance 
values are log-transformed and plotted 
against the rank of the species in impor- 
tance. Simple communities with few spe- 
cies generally yield almost straight 
("geometric") lines on these semilog 
plots, whereas species-rich communities 
characteristically exhibit S-shaped ("log- 
normal") progressions (56). 

Figure 8 compares the dominance-di- 
versity curve for the tropical dry forest 
at 1O0N (this study) with the curves for 
an equatorial (Amazonian) forest (57), 
for a rich temperate forest, and for a spe- 
cies-poor temperate montane forest simi- 
lar to boreal forest (56). A number of fac- 
tors distort the quantitative differences 
between the temperate and tropical dom- 
inance-diversity curves (58), but the 
qualitative pattern is clear: tropical for- 
ests exhibit the same general lognormal 
curve characteristic of rich temperate 
forests, but the distributions differ in lo- 
cation (mean) and scale (variance). 

The rank-1 species in the dry forest 
has an importance value of 11 percent, 
compared with only 4.7 percent in the 
Amazonian forest. At 35"N, the rank-1 
species in rich temperate forest has an 
importance value of 36 percent, which 
increases to about 65 percent in the mon- 
tane spruce-fir forest. if the latter domi- 
nance-diversity pattern is comparable to 
patterns in the boreal coniferous forest at 
50" to 60"N, then, as a general rule, the 
importance value of the dominant spe- 
cies in neotropical and neoarctic forests 
increases by approximately one percent- 
age point for every latitudinal degree of 
northward movement, starting from a 
base of a few percent at the equator. 
Factors such as topographic diversity, 
elevation, the frequency and magnitude 

Pig. 7 (left). Coefficient 
of skewness of dbh distri- 
bution about midpoint 
dbh. as a function of total 
species abundance. Rare 2 
species are positively 0 
skewed toward large 
dbh, suggesting infre-
quent or highly episodic -20 
reproduction. Fig. 8 
(right). Comparison of 
the dominance-diversity 
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of disturbance, and physical harshness 
will likely cause local deviations from 
this general pattern (59). 

Relative Species Abundance in 
Nonequilibrium Communities 

The qualitative similarity between the 
dominance-diversity curves for temper- 
ate and tropical forests suggests that sim- 
ilar processes control the relative abun- 
dance of tree species in the two regions 
(question x). May (60) has cautioned 
against reading too much significance in- 
to lognormal species abundance pat-
terns, noting that lognormal distribu-
tions may be expected when many ran- 
dom variables compound multiplicative- 
ly, given the "nature of the equations of 
population growth" and the central lirnit 
theorem. Recently, Caswell (61) built 
several "neutral" models of community 
organization and relative species abun- 
dance, based on neutral-allele models in 
population genetics; but lognormal rela- 
tive abundance patterns were not obtained 
from any of them. 

Another line of reasoning, however, 
does generate lognormal relative abun- 
dance patterns under one set of circum- 
stances, as well as geometric patterns 
under other circumstances. The model is 
essentially a dynamic version of Mac- 
Arthur's "broken stick" hypothesis (62), 
and is based on a nonequilibrium inter- 
pretation of community organization. 
Suppose that forests are saturated with 
trees, each of which individually con-
trols a unit of canopy space in the forest 
and resists invasion by other trees until it 
is damaged or killed. Let the forest be 
saturated when it has K individual trees, 
regardless of species. Now suppose that 
the forest is disturbed by a wind storm, 

landslide, or the like, and some trees are 
killed. Let D trees be killed, and assume 
that this mortality is randomly distrib- 
uted across species, with the expectation 
that the losses of each species are strictly 
proportional to its current relative abun- 
dance (63). Next let D new trees grow 
up, exactly replacing the D "vacancies" 
in the canopy created by the distur-
bance, so that the community is restored 
to its predisturbance saturation until the 
next disturbance comes along (64). Let 
the expected proportion of the replace- 
ment trees contributed by each species 
be given by the proportional abundance 
of the species in the community after the 
disturbance (65). Finally, repeat this cy- 
cle of disturbance and resaturation over 
and over again. 

In the absence of immigration of new 
species into the community, or of the re- 
colonization of species formerly present 
but lost through local extinction, this 
simple stochastic model leads in the long 
run to complete dominance by one spe- 
cies. in the short run, however, the mod- 
el leads to lognormal relative abundance 
patterns, and to geometric patterns in the 
intermediate run. The magnitude of the 
disturbance mortality, D, relative to 
community size, K,  controls the rate at 
which the species diversity is reduced by 
local extinction: the larger D is relative 
to K, the shorter the time until extinction 
of any given species, and the faster the 
relative abundance patterns assume an 
approximately geometric distribution 
(661. 

The random differentiation of relative 
species abundance in a 40-species corn- 
munity closed to immigration is illus-
trated in Fig. 9 (67). Given equal abun- 
dances at the start, after 25 disturbances 
the species form the set of approximately 
lognormal dominance-diversity curves; 
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Measuring	Diversity	
	
High	species	richness	among	different	taxa	is	a	hallmark	of	tropical	
regions	(e.g.,	flowering	plants	of	Sri	Lanka)	
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Measuring	Diversity	
	
High	species	richness	among	different	taxa	is	a	hallmark	of	tropical	
regions	(e.g.,	mammals	of	South	America)	



Measuring	Diversity	
Species	richness	is	related	to	both	sampling	effort	and	sample	area	
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Measuring	Diversity	
Species	richness	is	related	to	both	sampling	effort	and	sample	area	

Differences	in	species/area	
curves	for	evergreen	tropical	
trees	across	forests	
	
A	very	basic	relaAonship	
relevant	to	conservaAon		
(loss	of	area	directly		
translates	into	loss	of	species)	
	
Area	effects	also	probably	
important	in	considering	
global	richness	paEerns	
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Species	diversity	is	o]en	quanAfied	using	terms	that	reflect	
diversity	across	different	spaAal	scales	
	
Terminology	can	be	confusing,	since	‘diversity’	may	refer	to	
measures	of	richness,	or	richness	&	evenness	(depends	on	what	
diversity	index	is	used)	
	
	

High	species	richness	among	different	taxa	is	a	hallmark	of	tropical	regions	

Alpha	(α)	diversity:	number	of	species	or	diversity	within	a	locality	or	habitat	
	
Beta	(β)	diversity:	change	in	the	species	composiAon	between	localiAes	across	
space	or	an	environmental	gradient	(proporAon	of	shared	species	across	sites)	
	
Gamma	(γ)	diversity:	number	of	species	or	diversity	within	a	larger	region;	a	
funcAon	of	both	alpha	and	beta	diversity.	

Measuring	Diversity	



Gamma	(γ)	diversity	
	
	
Alpha	(α)	diversity	
	
	
Beta	(β)	diversity	
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SpaAal	components	of	species	diversity	



Regional	pool	(γ)		
		
	

	
				If	α	diversity	≅	γ	diversity		

à	low β	diversity		
	

PaEerns	of	Species	Diversity	



				If	α	diversity	≅	γ	diversity		
à	low β	diversity	
		

				If	α	diversity	<	γ	diversity	
à	high β	diversity	

Regional	pool	(γ)		
		
	

	

PaEerns	of	Species	Diversity	



Species	turnover:			
beta	diversity	examined	
along	axis	of	variaAon	
	
	
How	does	the	gradient	
affect	composiAon?	
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Species	Diversity	across	South	America	
	

Graves	&	Rahbek	2005,	PNAS	

Species	
turnover	

Species	
Richness	

McKnight	et	al.	2007,	PLoS	ONE	

Comparisons	in	alpha	and	beta	diversity	for	birds	



Maestri	&	PaEerson	2016,	PLoS	ONE	

Comparisons	in	alpha	and	beta	diversity	for	rodents	

Species	Diversity	across	South	America	
	



Maestri	&	PaEerson	2016,	PLoS	ONE	

Species	Diversity	across	South	America	
	 Comparisons	in	alpha	and	

beta	diversity	for	rodents	

Species	turnover	

Species	Richness	



Broad	scale	comparisons	in	the	Neotropics	

Barro	Colorado	Island,	Panama	

Differences	exist	in	species	richness	and	composiAon	of	plant	communiAes	
across	the	Neotropics	(tree	species	richness	greater	in	Amazonia,	but	
epiphyte	/	shrub	diversity	greater	in	Central	America)	

Cocha	Cashu,	Peru	



Barro	Colorado	Island,	Panama	

Differences	exist	in	species	richness	and	composiAon	of	plant	communiAes	
across	the	Neotropics	(tree	species	richness	greater	in	Amazonia,	but	
epiphyte	/	shrub	diversity	greater	in	Central	America)	

Cocha	Cashu,	Peru	

Most	of	the	major	
dominant	plant	
families	are	the	
same	between	
Panama	and	Peru	

Broad	scale	comparisons	in	the	Neotropics	



Beta	diversity	across	lowland	forest	
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High	beta	diversity	
even	among	plots	in	
close	proximity	
	
Similarity	in	species	
composiAon	
declines	with	
increasing	distance	
between	plots	
	
	

What	could	explain	differences	in	beta	diversity	
between	Panama	and	the	sites	in	South	America?	



How	many	species?	
Terry	Erwin’s	forest	canopy	fogging	experiment:	
	
Extracted	insects	from	the	canopy	of	19	individuals		
of	Luchea	seemani,	a	tropical	tree	species		

Erwin	idenAfied	~1200	beetle	species		from	the	samples	
	
EsAmaAng	~70	tree	species	per	hectare,	and	that	~13%	
are	host	specific,	he	esAmated	that	11,410	host-specific	
beetles	could	be	found	within	a	hectare	of	tropical	forest.	
	
Scaling	up,	to	trees	across	the	global	tropics,	Erwin	
esAmated	that	there	were	~	8	million	species	of	beetles!	
	
Total	arthropod	species	may	be	as	high	as	30	million!	



How	many	species?	
	A	more	recent	study	showed	that	the	higher	taxonomic	classificaAon	of	
species	(i.e.,	assignment	of	species	to	phylum,	class,	order,	family	and	
genus)	follows	a	consistent	and	predictable	paEern	from	which	the	total	
number	of	species	in	a	taxonomic	group	can	be	esAmated.		
	
Validated	against	well-known		
taxa	and	applied	to	all	domains	
of	life,	predicted:	
	
∼8.7	million	±	1.3	million	SE		
eukaryoEc	species	globally	
(~2.2	million	are	marine)		
	
“In	spite	of	250	years	of	taxonomic	classifica0on	and	over	1.2	million	species	already	
catalogued	in	a	central	database,	our	results	suggest	that	some	86%	of	exis0ng	species	
on	Earth	and	91%	of	species	in	the	ocean	s0ll	await	descrip0on.”	
	

Mora	et	al.	2011,	PLoS	Biology	



How	many	species?	
130	species	of	amphibians	recorded	in	
Yasuni	Biosphere	Reserve,	Ecuador		

LeAcia,	Colombia	–	98	species	of	anurans	
Manu	NP,	Peru	–	111	species	of	amphibians	
	
Versus	
	
48	species	of	amphibians	in	Canada	
	
	Duellman	1992,	Scien0fic	American	



How	many	species?	
130	species	of	amphibians	recorded	in	
Yasuni	Biosphere	Reserve,	Ecuador		

	William	Duellman	1992,	Scien0fic	American	

“A	total	of	81	species	actually	live	in	Santa	Cecilia,	Ecuador	(precisely	the	number	of	
frog	species	in	the	en0re	U.S.).	Although	the	diversity	of	frogs	there	is	unusually	high,		
40	or	more	species	are	commonly	found	in	tracts	of	rain	forest	no	bigger	than	two	
square	kilometers.”	



Explaining	the	LaAtudinal	Diversity	
Gradient	(LDG)	

Dobzhansky	(1950)	suggested	that,	since	all	organisms	are	products	of	
evoluAon,	differences	between	tropical	and	temperate	diversity	must	
be	due	to	differences	in	evoluAonary	paEerns	across	laAtudes	
	
But	the	quesAon	of	high	species	richness	in	the	tropics	also	involves	
the	maintenance	of	diversity	–	once	species	evolve,	how	are	so	many	
species	accommodated	within	tropical	systems?	
	
	
(Some	of	the	example	hypotheses	for	the	LDG	focus	on	genesis,	and	
others	on	maintenance,	of	diversity)	
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Rapoport’s	Rule:	species	tend	to	have	larger	range	sizes	at	higher	
laAtudes	(or	smaller	range	sizes	at	lower	laAtudes)	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

Marine	mollusks,	Pacific	coast	of	N.A.	 Trees,	conAnental	U.S.	and	Canada	

Trees	in	Costa	Rica	 Birds	in	Venezuela	

ElevaAon	(m)	 ElevaAon	(m)	

M
ea
n	
br
ea
dt
h	
of
	

el
ev
aA

on
al
	ra

ng
e	
(m

)	

Species	richness	

LaAtude	(°)	LaAtude	(°)	



M
ea
n	
br
ea
dt
h	
of
	

la
At
ud

in
al
	ra

ng
e	
(°
)	 Species	richness	

Rapoport’s	Rule:	in	the	tropics,	this	paEern	is	shown	across	elevaAon	
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Rapoport’s	Rule:	Range	size	increases		
with	laAtude	

	
Species	range	size	gets	smaller	
towards	lower	laAtudes:		
for	North	American	trees	
	
	
	
	
	
	

As	species	richness	declines	with	increasing	
laAtude,	remaining	species	tend	to	have	
geographical	ranges	that	extend	across	a	
broader	range	of	laAtudes	(Stephens	1989)	



Rapoport’s	Rule:	Range	size	increases		
with	laAtude	

	
Species	range	size	gets	smaller	
towards	lower	laAtudes:		
for	North	American	trees	
	
	
	
	
	
	
	
This	should	lead	to	higher	beta	
diversity	(spaAal	species	turnover)		
in	the	tropics	



Rapaport’s	rule	is	shown	in	geographic	range	size	of	amphibians	
(especially	in	North	American	and	Asia),	but	reflects	the	influence	of	
montane	regions	and	coastal	areas	

Rapoport’s	Rule:	Range	size	increases		
with	laAtude	(mostly)	



Rapoport’s	Rule:	Range	size	increases		
with	laAtude	(mostly)	

Species	in	the	tropics	have	
smaller	range	sizes	(generally)	
	
Geographic	variables	
(topography,	laAtude,	
configuraAon	of	landmasses)	
also	affect	range	size	
	

Range	size	of	NearcEc/
Neotropical	birds	

	



Are	the	tropics	a	cradle	or	a	museum?	

As	a	‘cradle’	the	tropics	is	suited	to	
speciaAon:	species	generaAon	is	high,	
and	species	tend	to	accumulate	
	
	
	
As	a	‘museum’	the	tropics	experiences	
lower	exAncAon	–	more	ancient	
species	tend	to	be	kept,	along	with	
the	new	ones	that	evolve		

Jablonsky	et	al.	2006,	Science	



Are	the	tropics	a	cradle	or	a	museum?	

Jablonsky	and	colleagues,	in	their	
assessment	of	bivalve	mollusks,	
suggested	that	the	‘cradle	–	museum’	
dichotomy	is	misleading.	
	

Jablonsky	et	al.	2006,	Science	

They	proposed	a	new	model	–	Out	of	The	Tropics	(OTT):	
taxa	originate	in	the	tropics	and	expand	pole	ward	over	Ame	
without	losing	their	tropical	roots	
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Other	studies	have	addressed	this	quesAon	using	age	of	sister	taxa	

Tropical	Cradle:	
divergences	should	be	
more	recent	between	
sister	species	

Tropical	Museum:	
splits	between	sister	
taxa	should	be	older	
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Are	the	tropics	a	cradle	or	a	museum?	



Are	the	tropics	a	cradle	or	a	museum?	
Geographical	paEern	of	bird	species	richness	

Hawkins	et	al.	2007,	American	Naturalist	



Are	the	tropics	a	cradle	or	a	museum?	
Geographical	paEern	of	
richness	for:	
	
(a)  2,700	most	basal	species	

(in	54	families)	

(b)  2,458	most	derived	species	
(in	16	families)	

Hawkins	et	al.	2007,	American	Naturalist	



Inga	is	a	genus	of	tree	(family	
Fabaceae)	that	have	recently	
diversified	(in	the	last	1.2	million	
years)	–	a	cradle	species	cluster	
	
AEributed	to	recent	Andean	mountain	
building	episodes	and	Pleistocene	
climate	changes	

Are	the	tropics	a	cradle	or	a	museum?	

Inga	acuminata	–	one	of	many	species	in	this	
diverse	genus	of	tropical	forests	

Tropical	regions	are	rich	not	only	in	species,	but	in	genera	and	families,	which	take	
longer	to	evolve.	While	Inga	is	a	cradle	species	cluster,	many	families	may	be	part	of	
an	old	museum.	
	
Different	groups	of	species	have	been	subject	to	different	pa[erns	of	diversifica0on.	



Climate	and	energy	availability:	There	are	strong	relaAonships	
between	climate	variables	and	species	richness	

Explaining	the	LaAtudinal	Diversity	Gradient	

For	terrestrial	birds:	

Hawkins	et	al.	2003a,	Ecology		



Climate	and	energy	availability:	There	are	strong	relaAonships	
between	climate	variables	and	species	richness	

Explaining	the	LaAtudinal	Diversity	Gradient	

Hawkins	et	al.	2003b,	Ecology		

In	a	broader	study	with	
plants,	invertebrates	and	
vertebrates:	
	
The	same	authors	showed	
that	species	richness	
correlated	with	climate	
variables:	precipitaAon,	
evapotranspiraAon,	
producAvity,	NPP	
	
What	varied	among	taxa	was	whether	water,	energy	or	their	interac0on	
best	explained	species	richness	
	



Climate	and	energy	availability:	There	are	strong	relaAonships	
between	climate	variables	and	species	richness	

Explaining	the	LaAtudinal	Diversity	Gradient	

Hawkins	et	al.	2003b,	Ecology		

Climate	variables	that	
influence	species	richness	
shi]	with	laAtude:	
	
In	the	far	north,	energy	
placed	the	strongest	
constraints	on	richness	
	
In	areas	with	high	energy	
input,	water	was	most	
responsible	for	constraining	
species	richness	



Does	diversity	in	the	tropics	reflect	“the	perfect	storm?”	
	 	 	 	 	 	 	 	 	 		–	sensu	John	Kricher	

•  Stability	–	0me	hypothesis	
•  Produc0vity	–	resource	hypothesis	
•  Interspecific	compe00on	hypothesis	
•  Preda0on	hypothesis	

Together	they	may	explain	the	generaAon	and	maintenance	of	
high	species	richness	

Explaining	the	LaAtudinal	Diversity	Gradient	



Stability	-	0me	hypothesis:	suggests	that	the	anAquity	of	the	
tropics,	combined	with	the	stable	and	equitable	climate	has	
allowed	the	generaAon	and	persistence	of	high	species	richness	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

A	look	at	the	pollen	fossil	
record	shows	that	the	
tropics	has	been	very	
species	rich	over	Ame	
	
But	liEle	evidence	shows	
that	the	tropics	have	been	
climaAcally	stable	(even	
though	they	were	probably	
never	climaAcally	harsh)	
	



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

Variables	of	climate	that	
affect	plant	producAvity	
strongly	correlate	with	
species	richness	
	
But	how	does	high	
producAvity	translate	into	
resources	that	support	
higher	species	richness?	
	

“I	think	there	are	so	many	species	of	insects	because	the	world	contains	a	very	large	
amount	of	harvestable	produc0vity	that	is	arranged	in	a	sufficiently	heterogeneous	
manner	that	it	can	be	par00oned	among	a	large	number	of	popula0ons	of	small	
organisms.”	–	Dan	Janzen	1976	

Resources	are	distributed	across	a	number	of	unique	
resources	and	substrates:	vines	and	epiphytes	



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

Variables	of	climate	that	
affect	plant	producAvity	
strongly	correlate	with	
species	richness	
	
But	how	does	high	
producAvity	translate	
into	resources	that	
support	higher	species	
richness?	
	

Resources	are	distributed	across	a	number	of	unique	
resources	and	substrates:	army	ants	allow	the	existence	of	
“professional	antbirds”	

Willis & Oniki 1978 



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

Variables	of	climate	that	
affect	plant	producAvity	
strongly	correlate	with	
species	richness	
	
But	how	does	high	
producAvity	translate	into	
resources	that	support	
higher	species	richness?	
	

Resources	are	distributed	across	a	number	of	unique	
resources	and	substrates:	year-round	availability	of	fruit	



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

But	how	does	high	
producAvity	translate	into	
resources	that	support	
higher	species	richness?	
	
InsecAvorous	birds	in	the	
tropics	have	a	much	wider	
range	of	bill	lengths	
	
	
	
	
	

Schoener	1971,	Condor	



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

But	how	does	high	
producAvity	translate	into	
resources	that	support	
higher	species	richness?	
	
InsecAvorous	birds	in	the	
tropics	have	a	much	wider	
range	of	bill	lengths	
	
	
	
	
	

Schoener	1971,	Condor	



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

Frequency	of	arthropods	by	
dry	weight	shows	a	much	
broader	size	range	in	tropics	
	
	
	
	
	

Schoener	1971,	Condor	

The	greater	biomass	of	
large	arthropods	extends	
the	range	of	the	food-size	
dimension	that	species	can	
be	placed		



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

But	how	does	high	
producAvity	translate	into	
resources	that	support	
higher	species	richness?	
	
In	some	cases,	addiAonal	
resources	lead	to	
specializaAon	
	
	
	
	
	
	

Black-and-white	Owls	
and	Bat	Falcons	are	
specialists	on	bats	



Produc0vity-resources	hypothesis:	high	plant	producAvity	allows	
more	species	to	be	accommodated	
	

Explaining	the	LaAtudinal	Diversity	Gradient	

But	how	does	high	producAvity	
translate	into	resources	that	
support	higher	species	
richness?	
	
In	some	cases,	addiAonal	
resources	lead	to	specializaAon	
	
But	in	other	cases,	such	as	host	
specificity	of	insects	on		tropical	
trees,	specializaAon	was	no	
greater	in	the	tropics	than	the	
temperate	zone	

Temperate	trees	

Tropical	trees	

Novotny	et	al.	2006	



Explaining	the	LaAtudinal	Diversity	Gradient	
Interspecific	compe00on	hypothesis:	high	levels	of	compeAAon	
have,	over	Ame,	resulted	in	greater	niche	parAAoning		
(a	form	of	increased	specializaAon)	
	
	
	

Jared	Diamond	provided	compelling	
evidence	for	compeAAve	exclusion	of	
honeyeaters	and	warblers	in	New	Guinea	

Checkerboard	paEerns	in	three	
Melidectes	honeyeater	species	

ElevaAonal	replacements	of	two		
New	Guinea	warbler	species	
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	A	natural	experiment	examined	niche	breadth	in	birds	

	Species	A	and	B	are	closely	related	~	similar	niche	

	 	In	the	main	Andes:		
	 	-	both	species	present	
	 	-	ranges	do	not	overlap	

Explaining	the	LaAtudinal	Diversity	Gradient	

Interspecific	compe00on	hypothesis:	high	levels	of	compeAAon	
have,	over	Ame,	resulted	in	greater	niche	parAAoning	(a	form	of	
increased	specializaAon).	

Terborgh	&	Weske	1975,	Ecology	

Cordillera	Vilcabamba	
Main	Andes	



Explaining	the	LaAtudinal	Diversity	Gradient	

Interspecific	compe00on	hypothesis:	high	levels	of	compeAAon	
have,	over	Ame,	resulted	in	greater	niche	parAAoning	(a	form	of	
increased	specializaAon).	
	
	
	

Terborgh	&	Weske	1975,	Ecology	

Cordillera	Vilcabamba	
Main	Andes	

In	a	range	isolated	from	the	Andes:		
	
			-	high	elevaAon	species	absent	
			-	low	elevaAon	species	expands		
					range	upward	

Cerros	del	Sira	
100	km	from	Andes	

This	comparison	suggests	that	species	show	a	compressed	realized	niche		
in	the	presence	of	compe0tors,	and	ecological	release	in	their	absence.		



Explaining	the	LaAtudinal	Diversity	Gradient	

Preda0on	hypothesis:	by	choosing	the	most	abundant	prey	
species,	predators	might	allow	other	prey	species	to	persist		
	
	

Predators	can	prevent	prey	species	from	
compeAng	to	the	point	where	exAncAon	
occurs	
	
Predators	switch	their	aEenAon	to	the	
most	abundant	prey,	so	the	rarer	the	
species,	the	safer	it	is	
	
This	is	a	form	of	frequency-	dependent	
selecAon	(in	this	case,	predaAon	is	the	
selecAve	force)	

The	Neotropical	eyelash	viper	is	
one	of	many	predator	species	that	
may	affect	diversity	paEerns.	

Note:	this	effect	does	not	predict	extreme	specializa0on	–	specializa0on	might	be	
less	likely	if	predators	keep	compe00on	levels	low	



Explaining	the	LaAtudinal	Diversity	Gradient	

Preda0on	hypothesis:	other	top-down	forces,	like	herbivory,		
may	actually	promote	specializaAon.	
		
White	sand	forest	is	a	unique	nutrient	poor	soil	habitat		
that	occurs	in	patches	throughout	the	Amazon	basin	
	
	

White	sand	forest	near	Iquitos,	Peru	 Terra	firme	forest	

Tree	species	are	
specific	to	each	soil	
type	
	
Species	in	white	
sand	habitat	are	
loaded	with	defense	
compounds	in	their	
leaves	



Explaining	the	LaAtudinal	Diversity	Gradient	
Preda0on	hypothesis:	other	top-down	forces,	like	herbivory,	may	actually	
promote	specializaAon.	
		
	
	
One	study	conducted	transplant	experiments	of	clay-soil	and	sandy-soil	
sapling	species	to	the	opposite	soil	type	
	
Half	of	the	transplants	were	protected	from	herbivores	using	exclosures	

Fine	et	al.	2004,	Science	



Explaining	the	LaAtudinal	Diversity	Gradient	
Preda0on	hypothesis:	other	top-down	forces,	like	herbivory,	may	actually	
promote	specializaAon.	
		
	
	
Clay-soil	species	grew	be[er	than	WS	species	in	white	sand	habitat	when	
herbivores	were	excluded,	but	fared	poorly	when	herbivores	were	not	excluded	

Fine	et	al.	2004,	Science	

Leaf		growth	 Mortality	



Explaining	the	LaAtudinal	Diversity	Gradient	
Preda0on	hypothesis:	other	top-down	forces,	like	herbivory,	may	actually	
promote	specializaAon.	
		
	
	
SpeciaAon	on	white	sands	may	have	resulted	from	strong	selecAon	for	defense	
compounds	(sufficient	to	overcome	gene	flow	from	individuals	on	clay	soil)	

Fine	et	al.	2004,	Science	

Leaf		growth	 Mortality	


