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Peter e Rosemary Grant



Deslocamento de caracteres

Em ilhas distintas Na mesma ilha



definição (do padrão): padrão no qual duas espécies são mais 
distintas entre si quando ocorrem na mesma localidade do que 
quando ocorrem separadamente.

Deslocamento de caracteres

Em ilhas distintas Na mesma ilha



definição (do processo): processo evolutivo que acentua as diferenças 
entre populações simpátricas de duas espécies distintas que é 
resultado de interações (em geral competição) entre as espécies. 
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blotched individuals that remain hidden (Brodie 1992). In 
theory, species evolving different anti-predator adapta-
tions might not differ in any other way with regard to re-
source or habitat use, in which case ecological opportunity 
might not be involved in adaptive divergence. However, 

most documented examples include correlated shifts in other ecological and 
behavioral aspects; the evolution of body armor, for example, has conse-
quences for locomotion, which in turn may affect where and how an animal 
can forage (Bergstrom 2002; Losos et al. 2002). Consequently, in this pred-
ator-driven scenario for adaptive radiation, ecological opportunity would 
still be required; multiple distinct habitats or resources to which different 
prey species could adapt would be necessary, and these different niches 
could not already be preempted by other species.

Selection may also favor sympatric species to diverge in habitat use so 
as to avoid being preyed upon by the same predator. If prey species are 
preyed upon by the same predator, then under some circumstances, in-
creased population size of one of the prey species would lead to increased 

population size of the predator; thus, the population size of the other prey 
species would decrease, as they are preyed upon by the greater number of 
predators. The result is that a negative relationship would exist between the 
population sizes of the prey species, just as would occur through interspe-
cific competition (Holt 1977). Assuming the predator species is not able to 
function equally successfully in all parts of the environment, prey species 
may diverge to use different resources or habitats, if they are available, and 
thus no longer share predators. Subsequently, prey species would adapt to 
the different habitats or resources they were utilizing, producing the same 
outcome as competition-driven character displacement: an adaptive radia-
tion driven by “competition for enemy free space” (Jeffries and Lawton 
1984) or “apparent competition” (Holt 1977).

In theory, adaptive radiation also could result from predation-driven di-
vergent selection by the means just outlined. However, we are aware of few 
purported cases. The diversity of some tropical butterfly clades, involving 
multiple mimicry complexes and a suite of other ecological and behavioral 
differences, might be one example (Elias et al. 2008).

Processes Driving Radiation: Conclusions 
The role of interspecific competition in driving evolutionary radiation is 
well established and likely to be of paramount importance. Other ecologi-
cal processes may be important, either directly (e.g., predation, herbivory, 
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(B) FIGURE 15.8 Character Displacement in Darwin’s Finches (A) Daphne Major, in 
the Galápagos Islands, harbors both the large ground finch, Geospiza magnirostris 
(A2), and the medium ground finch, Geospiza fortis (A1, A3), the latter of which 
exhibits substantial variability in beak shape. Only large-beaked birds can eat 
large seeds, such as those from Tribulus cistoides (A4). (B) During the drought 
of 1977, when only the medium ground finch occurred on the island, small 
seeds were rapidly consumed and only large seeds remained. Selection strongly 
favored large-beaked medium ground finches (as indicated by the calculation 
of selection gradients, which are not shown here), and the population evolved 
larger beak size. Another drought occurred in 2003 and 2004; however, in the 
intervening years, the large ground finch had colonized Daphne Major. During 
this drought, the large ground finches monopolized the larger seeds. Mortality 
was very high in both species, and in the medium ground finch, smaller-beaked 
birds that could eat the few remaining small seeds were favored, and the popula-
tion evolved smaller beak size, the opposite of what occurred in the absence of 
the large-beaked ground finch. Beak size units represent scores on the first axis of 
a principal components analysis of six bill measurements. (C) Thus, in the 2003–
2004 drought, selection favored smaller-beaked birds in the medium ground finch 
and larger-beaked birds in the large ground finch, and the phenotypic distribu-
tions before the drought (indicated by blue bars) and afterwards (indicated by red 
bars) can be compared; as a result, differences in beak size between the two spe-
cies were greater after the drought (arrow a) than before (arrow b), making this a 
classic example of character displacement. (A, photos from Grant and Grant 2006; 
B, adapted from Grant and Grant 2006; C, adapted from Grant and Grant 2008b.) 

�

G. fortis na ilha de Dahne Maior



Deslocamento de caracteres

Seca em 1977: reduziu 
disponibilidade de 
sementes pequenas. 

G. fortis

406 Chapter 15  Losos • Mahler

© 2010 Sinauer Associates, Inc.  This material cannot be copied, reproduced, manufactured or disseminated in 
any form without express written permission from the publisher.

Adaptive Radiation: The Interaction of Ecological Opportunity, Adaptation, and Speciation 407

© 2010 Sinauer Associates, Inc.  This material cannot be copied, reproduced, manufactured or disseminated 
in any form without express written permission from the publisher.

blotched individuals that remain hidden (Brodie 1992). In 
theory, species evolving different anti-predator adapta-
tions might not differ in any other way with regard to re-
source or habitat use, in which case ecological opportunity 
might not be involved in adaptive divergence. However, 

most documented examples include correlated shifts in other ecological and 
behavioral aspects; the evolution of body armor, for example, has conse-
quences for locomotion, which in turn may affect where and how an animal 
can forage (Bergstrom 2002; Losos et al. 2002). Consequently, in this pred-
ator-driven scenario for adaptive radiation, ecological opportunity would 
still be required; multiple distinct habitats or resources to which different 
prey species could adapt would be necessary, and these different niches 
could not already be preempted by other species.

Selection may also favor sympatric species to diverge in habitat use so 
as to avoid being preyed upon by the same predator. If prey species are 
preyed upon by the same predator, then under some circumstances, in-
creased population size of one of the prey species would lead to increased 

population size of the predator; thus, the population size of the other prey 
species would decrease, as they are preyed upon by the greater number of 
predators. The result is that a negative relationship would exist between the 
population sizes of the prey species, just as would occur through interspe-
cific competition (Holt 1977). Assuming the predator species is not able to 
function equally successfully in all parts of the environment, prey species 
may diverge to use different resources or habitats, if they are available, and 
thus no longer share predators. Subsequently, prey species would adapt to 
the different habitats or resources they were utilizing, producing the same 
outcome as competition-driven character displacement: an adaptive radia-
tion driven by “competition for enemy free space” (Jeffries and Lawton 
1984) or “apparent competition” (Holt 1977).

In theory, adaptive radiation also could result from predation-driven di-
vergent selection by the means just outlined. However, we are aware of few 
purported cases. The diversity of some tropical butterfly clades, involving 
multiple mimicry complexes and a suite of other ecological and behavioral 
differences, might be one example (Elias et al. 2008).

Processes Driving Radiation: Conclusions 
The role of interspecific competition in driving evolutionary radiation is 
well established and likely to be of paramount importance. Other ecologi-
cal processes may be important, either directly (e.g., predation, herbivory, 
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(B) FIGURE 15.8 Character Displacement in Darwin’s Finches (A) Daphne Major, in 
the Galápagos Islands, harbors both the large ground finch, Geospiza magnirostris 
(A2), and the medium ground finch, Geospiza fortis (A1, A3), the latter of which 
exhibits substantial variability in beak shape. Only large-beaked birds can eat 
large seeds, such as those from Tribulus cistoides (A4). (B) During the drought 
of 1977, when only the medium ground finch occurred on the island, small 
seeds were rapidly consumed and only large seeds remained. Selection strongly 
favored large-beaked medium ground finches (as indicated by the calculation 
of selection gradients, which are not shown here), and the population evolved 
larger beak size. Another drought occurred in 2003 and 2004; however, in the 
intervening years, the large ground finch had colonized Daphne Major. During 
this drought, the large ground finches monopolized the larger seeds. Mortality 
was very high in both species, and in the medium ground finch, smaller-beaked 
birds that could eat the few remaining small seeds were favored, and the popula-
tion evolved smaller beak size, the opposite of what occurred in the absence of 
the large-beaked ground finch. Beak size units represent scores on the first axis of 
a principal components analysis of six bill measurements. (C) Thus, in the 2003–
2004 drought, selection favored smaller-beaked birds in the medium ground finch 
and larger-beaked birds in the large ground finch, and the phenotypic distribu-
tions before the drought (indicated by blue bars) and afterwards (indicated by red 
bars) can be compared; as a result, differences in beak size between the two spe-
cies were greater after the drought (arrow a) than before (arrow b), making this a 
classic example of character displacement. (A, photos from Grant and Grant 2006; 
B, adapted from Grant and Grant 2006; C, adapted from Grant and Grant 2008b.) 
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blotched individuals that remain hidden (Brodie 1992). In 
theory, species evolving different anti-predator adapta-
tions might not differ in any other way with regard to re-
source or habitat use, in which case ecological opportunity 
might not be involved in adaptive divergence. However, 

most documented examples include correlated shifts in other ecological and 
behavioral aspects; the evolution of body armor, for example, has conse-
quences for locomotion, which in turn may affect where and how an animal 
can forage (Bergstrom 2002; Losos et al. 2002). Consequently, in this pred-
ator-driven scenario for adaptive radiation, ecological opportunity would 
still be required; multiple distinct habitats or resources to which different 
prey species could adapt would be necessary, and these different niches 
could not already be preempted by other species.

Selection may also favor sympatric species to diverge in habitat use so 
as to avoid being preyed upon by the same predator. If prey species are 
preyed upon by the same predator, then under some circumstances, in-
creased population size of one of the prey species would lead to increased 

population size of the predator; thus, the population size of the other prey 
species would decrease, as they are preyed upon by the greater number of 
predators. The result is that a negative relationship would exist between the 
population sizes of the prey species, just as would occur through interspe-
cific competition (Holt 1977). Assuming the predator species is not able to 
function equally successfully in all parts of the environment, prey species 
may diverge to use different resources or habitats, if they are available, and 
thus no longer share predators. Subsequently, prey species would adapt to 
the different habitats or resources they were utilizing, producing the same 
outcome as competition-driven character displacement: an adaptive radia-
tion driven by “competition for enemy free space” (Jeffries and Lawton 
1984) or “apparent competition” (Holt 1977).

In theory, adaptive radiation also could result from predation-driven di-
vergent selection by the means just outlined. However, we are aware of few 
purported cases. The diversity of some tropical butterfly clades, involving 
multiple mimicry complexes and a suite of other ecological and behavioral 
differences, might be one example (Elias et al. 2008).

Processes Driving Radiation: Conclusions 
The role of interspecific competition in driving evolutionary radiation is 
well established and likely to be of paramount importance. Other ecologi-
cal processes may be important, either directly (e.g., predation, herbivory, 
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(B) FIGURE 15.8 Character Displacement in Darwin’s Finches (A) Daphne Major, in 
the Galápagos Islands, harbors both the large ground finch, Geospiza magnirostris 
(A2), and the medium ground finch, Geospiza fortis (A1, A3), the latter of which 
exhibits substantial variability in beak shape. Only large-beaked birds can eat 
large seeds, such as those from Tribulus cistoides (A4). (B) During the drought 
of 1977, when only the medium ground finch occurred on the island, small 
seeds were rapidly consumed and only large seeds remained. Selection strongly 
favored large-beaked medium ground finches (as indicated by the calculation 
of selection gradients, which are not shown here), and the population evolved 
larger beak size. Another drought occurred in 2003 and 2004; however, in the 
intervening years, the large ground finch had colonized Daphne Major. During 
this drought, the large ground finches monopolized the larger seeds. Mortality 
was very high in both species, and in the medium ground finch, smaller-beaked 
birds that could eat the few remaining small seeds were favored, and the popula-
tion evolved smaller beak size, the opposite of what occurred in the absence of 
the large-beaked ground finch. Beak size units represent scores on the first axis of 
a principal components analysis of six bill measurements. (C) Thus, in the 2003–
2004 drought, selection favored smaller-beaked birds in the medium ground finch 
and larger-beaked birds in the large ground finch, and the phenotypic distribu-
tions before the drought (indicated by blue bars) and afterwards (indicated by red 
bars) can be compared; as a result, differences in beak size between the two spe-
cies were greater after the drought (arrow a) than before (arrow b), making this a 
classic example of character displacement. (A, photos from Grant and Grant 2006; 
B, adapted from Grant and Grant 2006; C, adapted from Grant and Grant 2008b.) 
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blotched individuals that remain hidden (Brodie 1992). In 
theory, species evolving different anti-predator adapta-
tions might not differ in any other way with regard to re-
source or habitat use, in which case ecological opportunity 
might not be involved in adaptive divergence. However, 

most documented examples include correlated shifts in other ecological and 
behavioral aspects; the evolution of body armor, for example, has conse-
quences for locomotion, which in turn may affect where and how an animal 
can forage (Bergstrom 2002; Losos et al. 2002). Consequently, in this pred-
ator-driven scenario for adaptive radiation, ecological opportunity would 
still be required; multiple distinct habitats or resources to which different 
prey species could adapt would be necessary, and these different niches 
could not already be preempted by other species.

Selection may also favor sympatric species to diverge in habitat use so 
as to avoid being preyed upon by the same predator. If prey species are 
preyed upon by the same predator, then under some circumstances, in-
creased population size of one of the prey species would lead to increased 

population size of the predator; thus, the population size of the other prey 
species would decrease, as they are preyed upon by the greater number of 
predators. The result is that a negative relationship would exist between the 
population sizes of the prey species, just as would occur through interspe-
cific competition (Holt 1977). Assuming the predator species is not able to 
function equally successfully in all parts of the environment, prey species 
may diverge to use different resources or habitats, if they are available, and 
thus no longer share predators. Subsequently, prey species would adapt to 
the different habitats or resources they were utilizing, producing the same 
outcome as competition-driven character displacement: an adaptive radia-
tion driven by “competition for enemy free space” (Jeffries and Lawton 
1984) or “apparent competition” (Holt 1977).

In theory, adaptive radiation also could result from predation-driven di-
vergent selection by the means just outlined. However, we are aware of few 
purported cases. The diversity of some tropical butterfly clades, involving 
multiple mimicry complexes and a suite of other ecological and behavioral 
differences, might be one example (Elias et al. 2008).

Processes Driving Radiation: Conclusions 
The role of interspecific competition in driving evolutionary radiation is 
well established and likely to be of paramount importance. Other ecologi-
cal processes may be important, either directly (e.g., predation, herbivory, 
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(B) FIGURE 15.8 Character Displacement in Darwin’s Finches (A) Daphne Major, in 
the Galápagos Islands, harbors both the large ground finch, Geospiza magnirostris 
(A2), and the medium ground finch, Geospiza fortis (A1, A3), the latter of which 
exhibits substantial variability in beak shape. Only large-beaked birds can eat 
large seeds, such as those from Tribulus cistoides (A4). (B) During the drought 
of 1977, when only the medium ground finch occurred on the island, small 
seeds were rapidly consumed and only large seeds remained. Selection strongly 
favored large-beaked medium ground finches (as indicated by the calculation 
of selection gradients, which are not shown here), and the population evolved 
larger beak size. Another drought occurred in 2003 and 2004; however, in the 
intervening years, the large ground finch had colonized Daphne Major. During 
this drought, the large ground finches monopolized the larger seeds. Mortality 
was very high in both species, and in the medium ground finch, smaller-beaked 
birds that could eat the few remaining small seeds were favored, and the popula-
tion evolved smaller beak size, the opposite of what occurred in the absence of 
the large-beaked ground finch. Beak size units represent scores on the first axis of 
a principal components analysis of six bill measurements. (C) Thus, in the 2003–
2004 drought, selection favored smaller-beaked birds in the medium ground finch 
and larger-beaked birds in the large ground finch, and the phenotypic distribu-
tions before the drought (indicated by blue bars) and afterwards (indicated by red 
bars) can be compared; as a result, differences in beak size between the two spe-
cies were greater after the drought (arrow a) than before (arrow b), making this a 
classic example of character displacement. (A, photos from Grant and Grant 2006; 
B, adapted from Grant and Grant 2006; C, adapted from Grant and Grant 2008b.) 
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blotched individuals that remain hidden (Brodie 1992). In 
theory, species evolving different anti-predator adapta-
tions might not differ in any other way with regard to re-
source or habitat use, in which case ecological opportunity 
might not be involved in adaptive divergence. However, 

most documented examples include correlated shifts in other ecological and 
behavioral aspects; the evolution of body armor, for example, has conse-
quences for locomotion, which in turn may affect where and how an animal 
can forage (Bergstrom 2002; Losos et al. 2002). Consequently, in this pred-
ator-driven scenario for adaptive radiation, ecological opportunity would 
still be required; multiple distinct habitats or resources to which different 
prey species could adapt would be necessary, and these different niches 
could not already be preempted by other species.

Selection may also favor sympatric species to diverge in habitat use so 
as to avoid being preyed upon by the same predator. If prey species are 
preyed upon by the same predator, then under some circumstances, in-
creased population size of one of the prey species would lead to increased 

population size of the predator; thus, the population size of the other prey 
species would decrease, as they are preyed upon by the greater number of 
predators. The result is that a negative relationship would exist between the 
population sizes of the prey species, just as would occur through interspe-
cific competition (Holt 1977). Assuming the predator species is not able to 
function equally successfully in all parts of the environment, prey species 
may diverge to use different resources or habitats, if they are available, and 
thus no longer share predators. Subsequently, prey species would adapt to 
the different habitats or resources they were utilizing, producing the same 
outcome as competition-driven character displacement: an adaptive radia-
tion driven by “competition for enemy free space” (Jeffries and Lawton 
1984) or “apparent competition” (Holt 1977).

In theory, adaptive radiation also could result from predation-driven di-
vergent selection by the means just outlined. However, we are aware of few 
purported cases. The diversity of some tropical butterfly clades, involving 
multiple mimicry complexes and a suite of other ecological and behavioral 
differences, might be one example (Elias et al. 2008).

Processes Driving Radiation: Conclusions 
The role of interspecific competition in driving evolutionary radiation is 
well established and likely to be of paramount importance. Other ecologi-
cal processes may be important, either directly (e.g., predation, herbivory, 
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(B) FIGURE 15.8 Character Displacement in Darwin’s Finches (A) Daphne Major, in 
the Galápagos Islands, harbors both the large ground finch, Geospiza magnirostris 
(A2), and the medium ground finch, Geospiza fortis (A1, A3), the latter of which 
exhibits substantial variability in beak shape. Only large-beaked birds can eat 
large seeds, such as those from Tribulus cistoides (A4). (B) During the drought 
of 1977, when only the medium ground finch occurred on the island, small 
seeds were rapidly consumed and only large seeds remained. Selection strongly 
favored large-beaked medium ground finches (as indicated by the calculation 
of selection gradients, which are not shown here), and the population evolved 
larger beak size. Another drought occurred in 2003 and 2004; however, in the 
intervening years, the large ground finch had colonized Daphne Major. During 
this drought, the large ground finches monopolized the larger seeds. Mortality 
was very high in both species, and in the medium ground finch, smaller-beaked 
birds that could eat the few remaining small seeds were favored, and the popula-
tion evolved smaller beak size, the opposite of what occurred in the absence of 
the large-beaked ground finch. Beak size units represent scores on the first axis of 
a principal components analysis of six bill measurements. (C) Thus, in the 2003–
2004 drought, selection favored smaller-beaked birds in the medium ground finch 
and larger-beaked birds in the large ground finch, and the phenotypic distribu-
tions before the drought (indicated by blue bars) and afterwards (indicated by red 
bars) can be compared; as a result, differences in beak size between the two spe-
cies were greater after the drought (arrow a) than before (arrow b), making this a 
classic example of character displacement. (A, photos from Grant and Grant 2006; 
B, adapted from Grant and Grant 2006; C, adapted from Grant and Grant 2008b.) 
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Figure 4: Evidence of reproductive character displacement, as revealed
by exaggerated divergence in sympatry between two species of stag beetles
from Southeast Asia (genus Odontolabis). In allopatry, Odontolabis mou-
hoti and Odontolabis cuvera are similar in body size, genitalia length, and
coloration. In sympatry, these two species show exaggerated divergence
in these characters, all of which have been implicated in mate acquisition.
Beetles redrawn from Kawano (2003), and data from Kawano (2003).

ductive isolation between ecomorphs and also between
populations expressing different frequencies of ecomorphs
(Rice and Pfennig 2010), thereby completing speciation.

As evidence of resource polymorphism’s possible role
in speciation, clades in which resource polymorphism has
evolved are more species rich than their sister clades that
lack resource polymorphism (Pfennig and McGee 2010).
More direct tests are needed, however. Organisms with
short generation times that shift hosts and mate on their
host, such as certain microbes (Duffy et al. 2007) and
phytophagous insects (Berlocher and Feder 2002; Bush and
Butlin 2004), might prove especially useful for evaluating
competition’s role in sympatric divergence and speciation.
In sum, competitively mediated divergence might play a
critical role in promoting speciation, including between
groups of organisms in a contiguous population.

What Darwin Failed to Appreciate

Having reviewed what Darwin got right regarding com-
petition’s role in diversification, we now highlight those
aspects of character displacement that he failed to appre-
ciate. Specifically, we describe how (1) divergence can arise
from selection acting to lessen reproductive interactions,
(2) divergence is fueled by the intersection of character
displacement and sexual selection, and (3) phenotypic
plasticity might play a key role in promoting character
displacement.

Divergence Can Arise from Selection Acting to Lessen
Reproductive Interactions

Darwin’s principle of divergence of character was predi-
cated on the notion that selection to lessen competition
for resources is the primary driver of diversification. By
contrast, he failed to appreciate that selection could act
similarly to lessen reproductive interactions (fig. 4) and
that such selection could generate divergence rivaling that
generated by resource competition (Lack 1945; Brown and
Wilson 1956).

When sharing the environment for reproduction, het-
erospecifics can interact directly or indirectly (reviewed in
Pfennig and Pfennig 2009). During direct interactions, in-
dividuals actually risk mating with heterospecifics. During
indirect interactions, heterospecifics compete for access to
the locations, signaling space, or means that allow for mate
localization and attraction (Butlin and Ritchie 1994). Both
types of interactions can exert strong selection on the evo-
lution of the timing and nature of reproduction so as to
minimize costly reproductive interactions with hetero-
specifics. Ultimately, this selection can cause species to
diverge from one another in reproductive traits (a process
known as “reproductive character displacement”; Brown

and Wilson 1956; Crozier 1974; reviewed in Howard 1993;
Andersson 1994; Butlin and Ritchie 1994; Gerhardt and
Huber 2002; see also Groning and Hochkirch 2008; Pfen-
nig and Pfennig 2009).

Whether via direct or indirect interactions, selection to
avoid reproductive interactions with heterospecifics results
in “reproductive partitioning” of both the environment
and trait space. In terms of partitioning of the environ-
ment, different species may use different locations or times
for their reproductive activities (e.g., Ptacek 1992). In
terms of trait space, males may adopt sexual signals that
are more distinct from those of heterospecifics, whereas
females may adopt mating preferences or evolve sensory
filters that enhance the likelihood of mating with conspe-
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Figure 4: Evidence of reproductive character displacement, as revealed
by exaggerated divergence in sympatry between two species of stag beetles
from Southeast Asia (genus Odontolabis). In allopatry, Odontolabis mou-
hoti and Odontolabis cuvera are similar in body size, genitalia length, and
coloration. In sympatry, these two species show exaggerated divergence
in these characters, all of which have been implicated in mate acquisition.
Beetles redrawn from Kawano (2003), and data from Kawano (2003).
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evolved are more species rich than their sister clades that
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More direct tests are needed, however. Organisms with
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host, such as certain microbes (Duffy et al. 2007) and
phytophagous insects (Berlocher and Feder 2002; Bush and
Butlin 2004), might prove especially useful for evaluating
competition’s role in sympatric divergence and speciation.
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groups of organisms in a contiguous population.
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populations expressing different frequencies of ecomorphs
(Rice and Pfennig 2010), thereby completing speciation.

As evidence of resource polymorphism’s possible role
in speciation, clades in which resource polymorphism has
evolved are more species rich than their sister clades that
lack resource polymorphism (Pfennig and McGee 2010).
More direct tests are needed, however. Organisms with
short generation times that shift hosts and mate on their
host, such as certain microbes (Duffy et al. 2007) and
phytophagous insects (Berlocher and Feder 2002; Bush and
Butlin 2004), might prove especially useful for evaluating
competition’s role in sympatric divergence and speciation.
In sum, competitively mediated divergence might play a
critical role in promoting speciation, including between
groups of organisms in a contiguous population.
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(2) divergence is fueled by the intersection of character
displacement and sexual selection, and (3) phenotypic
plasticity might play a key role in promoting character
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cated on the notion that selection to lessen competition
for resources is the primary driver of diversification. By
contrast, he failed to appreciate that selection could act
similarly to lessen reproductive interactions (fig. 4) and
that such selection could generate divergence rivaling that
generated by resource competition (Lack 1945; Brown and
Wilson 1956).

When sharing the environment for reproduction, het-
erospecifics can interact directly or indirectly (reviewed in
Pfennig and Pfennig 2009). During direct interactions, in-
dividuals actually risk mating with heterospecifics. During
indirect interactions, heterospecifics compete for access to
the locations, signaling space, or means that allow for mate
localization and attraction (Butlin and Ritchie 1994). Both
types of interactions can exert strong selection on the evo-
lution of the timing and nature of reproduction so as to
minimize costly reproductive interactions with hetero-
specifics. Ultimately, this selection can cause species to
diverge from one another in reproductive traits (a process
known as “reproductive character displacement”; Brown

and Wilson 1956; Crozier 1974; reviewed in Howard 1993;
Andersson 1994; Butlin and Ritchie 1994; Gerhardt and
Huber 2002; see also Groning and Hochkirch 2008; Pfen-
nig and Pfennig 2009).

Whether via direct or indirect interactions, selection to
avoid reproductive interactions with heterospecifics results
in “reproductive partitioning” of both the environment
and trait space. In terms of partitioning of the environ-
ment, different species may use different locations or times
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Variação individual no uso do recurso

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.

1790 D. I. Bolnick et al. Ecological release in stickleback

Proc. R. Soc. B (2010)

 on October 18, 2011rspb.royalsocietypublishing.orgDownloaded from 

Os diferentes indivíduos tem 
praticamente o mesmo nicho.

Dimensão do Nicho

Indivíduos

População



Variação individual no uso do recurso

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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Variação individual no uso do recurso

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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(Gasterosteus aculeatus)
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Ecomorfo: um organismo, população ou espécie onde 
sua morfologia é determinada pelo ambiente. 

Ocupam o mesmo microhabitat.
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o isolamento reprodutivo 
resulta da seleção natural 
divergente entre ambientes 
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distintos.



Relaxamento Ecológico

(“Ecological Release”)



Relaxamento Ecológico (“Ecological Release”)

Definição: a expansão do nicho de uma população 
(ou espécie) quando competição é reduzida.

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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Na presença de competição Na ausência de competição 
(Relaxamento)

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals

(b) (e)(a)

(c) (d )

0 0.5 1.0 1.5 2.0

0

0.5

1.0

1.5

2.0

total niche width

m
ea

n 
w

ith
in

-i
nd

iv
id

ua
l n

ic
he

 w
id

th

WIC/TNW = 1.0

0.8

0.6

0.4

0.2da

b
c

Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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Na presença de 
espécie competidora

Na ausência de espécie 
competidora (Relaxamento)

Relaxamento Ecológico: individual ou populacional?

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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Relaxamento Ecológico populacional?

(all fixed effects p . 0.4). In comparison, Svanbäck &
Bolnick (2007) found that intraspecific competition
reduced stomach fullness, growth and condition, using a
similar enclosure design and duration.

We observed no consistent change in sticklebacks’
overall diet distribution as a result of competitive release
(MANOVA on arcsine-square-root-transformed diet pro-
portions for each enclosure; block: p ¼ 0.068; sculpin:
p ¼ 0.825; trout: p ¼ 0.523; sculpin ! trout interaction:
p ¼ 0.584). Note that this does not necessarily mean
that, within a block, stickleback diets were similar across
experimental treatments. Comparisons of particular
pairs of enclosures (for instance, trout versus no trout
within a block) generally do exhibit significant differences
in prey composition (detailed results not shown). Rather,
the non-significant MANOVA indicates that treatment-
induced changes in prey use did not occur in a repeatable
manner across blocks.

We found a significant treatment effect on sticklebacks’
TNW (figure 2). Release from trout competition signifi-
cantly increased stickleback TNW (p ¼ 0.007), whereas
sculpin and sculpin ! trout effects were not significant
(p ¼ 0.286 and 0.147, respectively). To isolate the relative
contributions of prey taxon richness versus evenness, we
used multiple regression analysis to test whether TNW
depends on richness (log of the number of prey taxa
used in an enclosure) and/or evenness (TNW divided
by richness). We found that variation in TNW arose
from changes in evenness (r2 ¼ 0.53; p ¼ 0.0017) but
not richness (p ¼ 0.4985).

(b) Individual-level effect of interspecific
competition

All populations exhibited significant individual specializ-
ation (WIC/TNW averaged 0.518, E averaged 0.618;
electronic supplementary material, table S2). Monte

Carlo resampling confirmed that the observed diet vari-
ation among individuals was statistically significant (p ,
0.001 in all samples for both indices) and therefore
could not be explained by stochastic variation among
individuals owing to limited numbers of prey per stomach
(approx. 20 prey per fish on average).

Release from interspecific competitors altered how
TNW was partitioned into within- versus between-
individual diversity (figure 3). Although sculpin release
had no effect on TNW, it did increase individual niche
breadth (WIC; p ¼ 0.003), and decreased between-
individual variation (BIC; p ¼ 0.022). The opposing
changes in WIC and BIC cancelled each other out,
explaining the lack of a sculpin effect on TNW. As a
result, release from sculpin competition led to reduced
individual specialization in stickleback (increased WIC/
TNW, p ¼ 0.0019; figure 4). These results closely
match our ‘individual release’ scenario (figure 1c). The
increase in WIC/TNW is corroborated by decreased pair-
wise diet dissimilarity among individuals (E; sculpin
effect, p ¼ 0.0279). We found no significant sculpin !
trout interactions (WIC: p ¼ 0.147; BIC: p ¼ 0.077;
WIC/TNW: p ¼ 0.287). There was a weak tendency
towards an interaction effect for BIC: sculpin release
had no significant effect on BIC when trout were present,
but a strong negative effect on BIC when trout were
absent.

Stickleback niche expansion during trout release was
predominantly a result of increased between-individual
variation (BIC, p ¼ 0.01), consistent with the NVH.
Trout had no consistent effect on WIC (p ¼ 0.293;
figure 3). Because TNW ¼ WIC þ BIC, static WIC and
increased BIC yielded higher TNW. In stark contrast
to sculpin effects, trout release thus caused increased indi-
vidual specialization, measured either by decreased WIC/
TNW (p ¼ 0.016; figure 4) or increased E (p ¼ 0.0378).

In principle, changes in individual niche width during
competitive release might simply be an artefact of using
cross-sectional stomach content analysis. If individuals
consume more prey items following ecological release,
then stomach contents are likely to contain a higher
prey diversity, leading to apparent (but not biologically
relevant) increases in individual niche width. We reject
this artefact because we observed no significant trout or
sculpin effect on the mean per capita number of prey
consumed (p . 0.4 in both cases), so treatment effects
on diet cannot reflect prey count differences.

4. DISCUSSION
Ecological release from interspecific competition has
long been thought to allow population niche expansion
(Van Valen 1965; Roughgarden 1972; Grant & Price
1981; Feinsinger & Swarm 1982; Taper & Case 1985;
Robinson & Wilson 1994; Losos & de Queiroz 1997;
Robinson et al. 2000; Svanbäck et al. 2008). By exper-
imentally manipulating interspecific competition, we
found mixed support for competitive release of popu-
lation niche width. Release from trout competition
induced a statistically significant 10 per cent increase in
stickleback TNW, owing to increased evenness of prey
use rather than the addition of novel prey. In contrast,
sculpin had no significant effect on stickleback TNW; if
anything the trend was towards decreased TNW. Thus,
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Figure 2. Effect of competitor removal on stickleback popu-
lation total niche width (TNW). To visually represent the
effect of release from trout, we calculated the average
TNW with and without trout for a given block, averaging
across sculpin treatments. Similarly, TNW with versus with-
out sculpin are averaged across trout treatments within a
block. For simplicity, we do not illustrate the non-significant
sculpin ! trout interaction. Lines connect competitor pre-
sent versus absent results for a given block. Blocks are
colour-coded to permit comparisons across (a) and (b),
and with other figures.
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(all fixed effects p . 0.4). In comparison, Svanbäck &
Bolnick (2007) found that intraspecific competition
reduced stomach fullness, growth and condition, using a
similar enclosure design and duration.

We observed no consistent change in sticklebacks’
overall diet distribution as a result of competitive release
(MANOVA on arcsine-square-root-transformed diet pro-
portions for each enclosure; block: p ¼ 0.068; sculpin:
p ¼ 0.825; trout: p ¼ 0.523; sculpin ! trout interaction:
p ¼ 0.584). Note that this does not necessarily mean
that, within a block, stickleback diets were similar across
experimental treatments. Comparisons of particular
pairs of enclosures (for instance, trout versus no trout
within a block) generally do exhibit significant differences
in prey composition (detailed results not shown). Rather,
the non-significant MANOVA indicates that treatment-
induced changes in prey use did not occur in a repeatable
manner across blocks.

We found a significant treatment effect on sticklebacks’
TNW (figure 2). Release from trout competition signifi-
cantly increased stickleback TNW (p ¼ 0.007), whereas
sculpin and sculpin ! trout effects were not significant
(p ¼ 0.286 and 0.147, respectively). To isolate the relative
contributions of prey taxon richness versus evenness, we
used multiple regression analysis to test whether TNW
depends on richness (log of the number of prey taxa
used in an enclosure) and/or evenness (TNW divided
by richness). We found that variation in TNW arose
from changes in evenness (r2 ¼ 0.53; p ¼ 0.0017) but
not richness (p ¼ 0.4985).

(b) Individual-level effect of interspecific
competition

All populations exhibited significant individual specializ-
ation (WIC/TNW averaged 0.518, E averaged 0.618;
electronic supplementary material, table S2). Monte

Carlo resampling confirmed that the observed diet vari-
ation among individuals was statistically significant (p ,
0.001 in all samples for both indices) and therefore
could not be explained by stochastic variation among
individuals owing to limited numbers of prey per stomach
(approx. 20 prey per fish on average).

Release from interspecific competitors altered how
TNW was partitioned into within- versus between-
individual diversity (figure 3). Although sculpin release
had no effect on TNW, it did increase individual niche
breadth (WIC; p ¼ 0.003), and decreased between-
individual variation (BIC; p ¼ 0.022). The opposing
changes in WIC and BIC cancelled each other out,
explaining the lack of a sculpin effect on TNW. As a
result, release from sculpin competition led to reduced
individual specialization in stickleback (increased WIC/
TNW, p ¼ 0.0019; figure 4). These results closely
match our ‘individual release’ scenario (figure 1c). The
increase in WIC/TNW is corroborated by decreased pair-
wise diet dissimilarity among individuals (E; sculpin
effect, p ¼ 0.0279). We found no significant sculpin !
trout interactions (WIC: p ¼ 0.147; BIC: p ¼ 0.077;
WIC/TNW: p ¼ 0.287). There was a weak tendency
towards an interaction effect for BIC: sculpin release
had no significant effect on BIC when trout were present,
but a strong negative effect on BIC when trout were
absent.

Stickleback niche expansion during trout release was
predominantly a result of increased between-individual
variation (BIC, p ¼ 0.01), consistent with the NVH.
Trout had no consistent effect on WIC (p ¼ 0.293;
figure 3). Because TNW ¼ WIC þ BIC, static WIC and
increased BIC yielded higher TNW. In stark contrast
to sculpin effects, trout release thus caused increased indi-
vidual specialization, measured either by decreased WIC/
TNW (p ¼ 0.016; figure 4) or increased E (p ¼ 0.0378).

In principle, changes in individual niche width during
competitive release might simply be an artefact of using
cross-sectional stomach content analysis. If individuals
consume more prey items following ecological release,
then stomach contents are likely to contain a higher
prey diversity, leading to apparent (but not biologically
relevant) increases in individual niche width. We reject
this artefact because we observed no significant trout or
sculpin effect on the mean per capita number of prey
consumed (p . 0.4 in both cases), so treatment effects
on diet cannot reflect prey count differences.

4. DISCUSSION
Ecological release from interspecific competition has
long been thought to allow population niche expansion
(Van Valen 1965; Roughgarden 1972; Grant & Price
1981; Feinsinger & Swarm 1982; Taper & Case 1985;
Robinson & Wilson 1994; Losos & de Queiroz 1997;
Robinson et al. 2000; Svanbäck et al. 2008). By exper-
imentally manipulating interspecific competition, we
found mixed support for competitive release of popu-
lation niche width. Release from trout competition
induced a statistically significant 10 per cent increase in
stickleback TNW, owing to increased evenness of prey
use rather than the addition of novel prey. In contrast,
sculpin had no significant effect on stickleback TNW; if
anything the trend was towards decreased TNW. Thus,
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Figure 2. Effect of competitor removal on stickleback popu-
lation total niche width (TNW). To visually represent the
effect of release from trout, we calculated the average
TNW with and without trout for a given block, averaging
across sculpin treatments. Similarly, TNW with versus with-
out sculpin are averaged across trout treatments within a
block. For simplicity, we do not illustrate the non-significant
sculpin ! trout interaction. Lines connect competitor pre-
sent versus absent results for a given block. Blocks are
colour-coded to permit comparisons across (a) and (b),
and with other figures.
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Relaxamento Ecológico individual?

we found support for the idea of ecological release from
one of the two competitor species (despite their similar
effects on stickleback foraging success and CI). However,
focusing on populations’ TNW masks some additional
responses to competitive release.

(a) Ecological release for individuals

As in previous studies of stickleback diets, we found sub-
stantial individual specialization in three-spine stickleback.
Average individual niche widths (WIC) within enclosures
ranged from 35 to 65 per cent of the population’s TNW
(electronic supplementary material, table S2). Similarly,
mean pairwise diet dissimilarity between individuals
ranged from E ¼ 0.39 to 0.71. This degree of individual
specialization was significantly greater than expected
under the null hypothesis of a single shared prey distri-
bution, and was comparable with results of other
studies of stickleback (Bolnick 2004;Svanbäck & Bolnick
2007; Bolnick et al. 2008; Snowberg & Bolnick 2008;
Bolnick & Paull 2009).

Notably, strong diet variation was maintained even in
constrained enclosures (10 m2), where all fish can readily
swim between all possible foraging sites in a matter of
seconds. Indeed, individual specialization was actually
stronger in enclosures than in neighbouring wild-caught
fish (electronic supplementary material, fig. S2), perhaps
owing to slightly elevated intraspecific competition within
the enclosures (Svanbäck & Bolnick 2007). Thus, spatial
segregation of prey (at a scale greater than an individual
fish’s daily cruising range) is not the primary force driving
niche variation among individual sticklebacks. Rather, the
diet variation appears to be a consequence of individuals’
persistent prey preferences, at least partly owing to
specialization on fine-scale microhabitats (Bolnick et al.
in review) and morphological variation among individuals
(Araújo et al. 2008).

Among-individual niche variation means that individ-
uals’ responses to ecological release may not match
patterns of whole-population response to release
(figure 1). Whereas whole-population competitive release
was seen for trout but not sculpin, at the individual level
the opposite was true (release was seen for sculpin but not
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Figure 3. Effect of ecological release from (a) trout and (b) sculpin on stickleback population and individual niche widths.
Release is plotted in a subset of the niche width space (explained in figure 1). Experimental effects are represented as vectors
(one per experimental block). The vectors connect the mean (TNW, WIC) combination for competitor-present to competitor-
absent treatments within a block, averaging across the other competitor treatments. As in figure 1, dotted lines represent
isoclines of WIC/TNW, with individual specialization increasing as WIC/TNW declines from 1.0 towards zero. Blocks are
colour-coded to correspond with other figures.
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Figure 4. Effect of competitor removal on the degree of indi-
vidual specialization in stickleback (WIC/TNW). When
WIC/TNW ¼ 1, individuals have the same niche breadth as
the population as a whole. As WIC/TNW gets smaller,
individuals are increasingly specialized relative to their popu-
lation and between-individual variation is proportionally
larger. Each point is the average value for a given block of
enclosures, averaging across the other competitor
treatments. Lines connect competitor-present versus
competitor-absent results for a given block. Blocks are also
colour-coded to permit comparisons across (a) and (b) and
with other figures. We do not illustrate the non-significant
interaction between trout and sculpin removal.
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we found support for the idea of ecological release from
one of the two competitor species (despite their similar
effects on stickleback foraging success and CI). However,
focusing on populations’ TNW masks some additional
responses to competitive release.

(a) Ecological release for individuals

As in previous studies of stickleback diets, we found sub-
stantial individual specialization in three-spine stickleback.
Average individual niche widths (WIC) within enclosures
ranged from 35 to 65 per cent of the population’s TNW
(electronic supplementary material, table S2). Similarly,
mean pairwise diet dissimilarity between individuals
ranged from E ¼ 0.39 to 0.71. This degree of individual
specialization was significantly greater than expected
under the null hypothesis of a single shared prey distri-
bution, and was comparable with results of other
studies of stickleback (Bolnick 2004;Svanbäck & Bolnick
2007; Bolnick et al. 2008; Snowberg & Bolnick 2008;
Bolnick & Paull 2009).

Notably, strong diet variation was maintained even in
constrained enclosures (10 m2), where all fish can readily
swim between all possible foraging sites in a matter of
seconds. Indeed, individual specialization was actually
stronger in enclosures than in neighbouring wild-caught
fish (electronic supplementary material, fig. S2), perhaps
owing to slightly elevated intraspecific competition within
the enclosures (Svanbäck & Bolnick 2007). Thus, spatial
segregation of prey (at a scale greater than an individual
fish’s daily cruising range) is not the primary force driving
niche variation among individual sticklebacks. Rather, the
diet variation appears to be a consequence of individuals’
persistent prey preferences, at least partly owing to
specialization on fine-scale microhabitats (Bolnick et al.
in review) and morphological variation among individuals
(Araújo et al. 2008).

Among-individual niche variation means that individ-
uals’ responses to ecological release may not match
patterns of whole-population response to release
(figure 1). Whereas whole-population competitive release
was seen for trout but not sculpin, at the individual level
the opposite was true (release was seen for sculpin but not
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Figure 3. Effect of ecological release from (a) trout and (b) sculpin on stickleback population and individual niche widths.
Release is plotted in a subset of the niche width space (explained in figure 1). Experimental effects are represented as vectors
(one per experimental block). The vectors connect the mean (TNW, WIC) combination for competitor-present to competitor-
absent treatments within a block, averaging across the other competitor treatments. As in figure 1, dotted lines represent
isoclines of WIC/TNW, with individual specialization increasing as WIC/TNW declines from 1.0 towards zero. Blocks are
colour-coded to correspond with other figures.
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Figure 4. Effect of competitor removal on the degree of indi-
vidual specialization in stickleback (WIC/TNW). When
WIC/TNW ¼ 1, individuals have the same niche breadth as
the population as a whole. As WIC/TNW gets smaller,
individuals are increasingly specialized relative to their popu-
lation and between-individual variation is proportionally
larger. Each point is the average value for a given block of
enclosures, averaging across the other competitor
treatments. Lines connect competitor-present versus
competitor-absent results for a given block. Blocks are also
colour-coded to permit comparisons across (a) and (b) and
with other figures. We do not illustrate the non-significant
interaction between trout and sculpin removal.
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Relaxamento Ecológico: individual ou populacional?

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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Na presença de 
espécie competidora

Na ausência de espécie 
competidora (Relaxamento)

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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Relaxamento Ecológico: individual ou populacional?

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals

(b) (e)(a)

(c) (d )

0 0.5 1.0 1.5 2.0

0

0.5

1.0

1.5

2.0

total niche width

m
ea

n 
w

ith
in

-i
nd

iv
id

ua
l n

ic
he

 w
id

th

WIC/TNW = 1.0

0.8

0.6

0.4

0.2da

b
c

Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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do Indivíduo!!!)

the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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the hunting wasp Trypoxylon albonigrum consumes at least
six genera of spiders, but any individual specializes on
only one or two spider genera (Araújo & Gonzaga
2007). Such ‘individual specialization’ has been docu-
mented in well over 100 species (Bolnick et al. 2003).

In the following paragraphs, we outline three distinct
patterns of ecological release that are made possible by
this decoupling of individual and population niche
widths. Before we outline these alternatives, we need to
define a few terms. Consider a population that uses a
set of resources that vary in some quantitative trait (e.g.
size). The population’s total niche width (TNW) is
simply the variance of the size of all prey used by all mem-
bers of the population. This TNW has a within-individual
component (WIC) and a between-individual component
(BIC) such that TNW ¼ WIC þ BIC (Roughgarden
1972). The WIC is the average variance in prey sizes
used by a typical individual, while the BIC is the variation
among individuals’ mean prey sizes (figure 1). Equivalent
measures of TNW, WIC and BIC can be obtained for
categorical prey data using the Shannon diversity index
as a substitute for variance (Bolnick et al. 2002).

The partitioning of TNW into within- and between-
individual variation highlights two different paths by
which population TNW can increase during ecological
release. First, all individuals can increase their own
niche width (WIC) by shifting to use a newly abundant
high-value prey type. We refer to this as ‘parallel release’
(figure 1b) because individual and population niche
widths change in similar ways. Parallel release is predicted
by a number of adaptive dynamics and quantitative gen-
etic models, which indicate that individuals should
evolve to use the full range of the population’s resources
(WIC ¼ TNW; Roughgarden 1972; Taper & Case
1985; Ackermann & Doebeli 2004).

The second pattern of ecological release is the ‘niche
variation hypothesis’ (NVH; Van Valen 1965), in which

TNW increases via greater between-individual variation
(BIC) while individual niche widths remain constant
(figure 1d). This may occur when functional trade-offs
limit individuals’ ability to efficiently use multiple types
of prey. For example, simple biomechanical rules for
lever systems make it difficult to generate both large
forces and high speeds with a given morphological struc-
ture, limiting the diversity of prey an individual forager
can capture effectively (Wainwright 1996). Individuals
also experience cognitive limits to the number of search
images that can be maintained simultaneously (Persson
1985; Lewis 1986). Such trade-offs may place upper
bounds on individual niche widths, such that population
niche expansion can only occur if individuals diverge in
resource use. Between-individual variation can increase
if only some individuals shift to novel resources, or if
different individuals adopt different novel resources
(figure 1d). The NVH has received very mixed empirical
support in the 45 years since it was first proposed
(Soule & Stewart 1970; Rothstein 1973; Bernstein
1979; Meiri et al. 2005; Bolnick et al. 2007; Costa et al.
2008). In particular, studies focusing on morphology or
size have often failed to find the predicted positive corre-
lation between intraspecific trait variation and population
niche width. Recent studies suggest that this tepid sup-
port is because morphological variance is a poor proxy
for diet variation, for which data are more supportive of
the NVH (Bolnick et al. 2007). This is because when
two variables are moderately to weakly correlated (e.g.
stickleback morphology and diet; Bolnick & Paull
2009), variance in one trait has little effect on variance
in the second trait.

The two scenarios described so far correspond to the
classical view of ecological release as increased population
niche width. We can also envision a third form of ecologi-
cal release (‘individual release’) in which TNW does not
change. Consider a population in which some individuals
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Figure 1. Illustration of three potential forms of ecological release. Consider a population that (a) initially coexists with an inter-
specific competitor; the population niche width is indicated by a thick curve, and niche widths of four individuals are indicated
by shorter, thin lines. Release from competition can lead to (b) increased individual and population niche widths (parallel
release); (c) increased individual but not population niche widths, because expansion is offset by decreased among-individual
variation (individual release); or (d) increased population but not individual niche widths, via increased among-individual vari-
ation (niche variation hypothesis). Each of these scenarios (b–d) is plotted as (e) a vector in a niche space graph. In this type of
graph, we plot individual versus population niche width (WIC versus TNW). Because TNW ¼ WIC þ BIC, any population
must fall on or below the solid line where WIC/TNW ¼ 1. Thin dashed lines below this represent increasing isoclines of indi-
vidual specialization (smaller WIC/TNW). Ecological release can be plotted as a vector in this space, from the high to low
competition niche widths.
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Espécie da ilha de Hispanhola apresenta maior grau de dimorfismo 
sexual no comprimento do bico e língua do que espécies aparentadas 
do continente que convivem com outras espécies de pica-pau.

Único “pica-pau” na ilha 
de Hispanhola

Espécie aparentada do continente que 
convive (e provavelmente compete) com 

outras espécies de pica-pau.

Relaxamento Ecológico (“Ecological Release”)



Machos e fêmeas de Melanerpes 
striatus forrageam em lugares e 
de formas distintas.

Único “pica-pau” na ilha 
de Hispanhola

Espécie aparentada do continente que 
convive (e provavelmente compete) com 

outras espécies de pica-pau.

Relaxamento Ecológico (“Ecological Release”)



Fenômeno mais comum em ilhas!

Relaxamento Ecológico (“Ecological Release”)



Ausência de competição: evolução de 
formas de vida distintas

Ilhas ou habitats depauperados de diversidade: em geral 
apresentam espécies com formas de vida não usuais.

As larvas na maioria absoluta das espécies 
de mariposas e borboletas são herbívoras.



Ausencia de competição: evolução de 
formas de vida distintas

No Havaí as larvas do gênero 
Eupithecia são predadoras!!!

As larvas na maioria absoluta das espécies 
de mariposas e borboletas são herbívoras.

Ilhas ou habitats depauperados de diversidade: em geral 
apresentam espécies com formas de vida não usuais.



Para entender a 
importância das interações 
ecológicas na estrutura de 
comunidades precisamos  
incorporar a história 
evolutiva dos grupos que 
compõem uma dada 
comunidade

Isolamento

Perto da fonte Longe da fonte

Tem
po



Anolis no Caribe 

Estrutura de comunidades: efeito da competição

Jonathan Losos



Dossel

Tronco

Tronco-chão

Galho

Arbusto 

Estrutura de comunidades: efeito da competição

Ecomorfos



Anolis no Caribe 

Estrutura de comunidades: efeito da competição

Cuba Hispaniola

Jamaica Puerto Rico



Anolis no Caribe 

Estrutura de comunidades: efeito da competição

Cuba Hispaniola

Jamaica Puerto Rico

Sortimento de espécies 

  vs

Especiação ecológica



Sortimento de espécies 

Competição

Definição: processo no qual somente 
espécies distintas o suficiente são capazes 
de entrar e permanecer na comunidade. 
Implica que exclusão competitiva é um 
fator importante. 



Competição

Especiação ecológica

Definição: processo no qual o 
isolamento reprodutivo resulta da 
seleção natural divergente entre 
ambientes (ou micro-ambientes) 
distintos.



Sortimento de espécies 

Competição

Especiação ecológica



Anolis no Caribe 

Estrutura de comunidades: efeito da competição

Cuba Hispaniola

Jamaica Puerto Rico

Sortimento de espécies 

  vs

Especiação ecológica



Especiação ecológica: espécies presentes na ilha se originaram na ilha e são 
fruto de um ancestral comum e seleção natural divergente

Sortimento de espécies: diferentes espécies imigraram para a ilha, exclusão 
competitiva é um processo muito importante

islands having a minimum threshold
area; and second, above that
threshold, the probability of in situ
speciation is positively correlated
with island area. To test these
predictions across the broadest array
of taxa possible, Kisel and
Barraclough [15] rely on taxonomic
assessments as a proxy for
phylogenetic relatedness, an
assumption that is justified by more
detailed phylogenetic analyses of
many taxa in their study. To lizards
and snails, the authors add ferns,
flowering plants, butterflies, birds,
carnivores, and bats surveyed from
islands ranging in area from <1 km2

(Nihoa) to >500,000 km2 (Madagascar).
Not only do lizards [13] and snails [16]

need less space for speciation than
birds, but Kisel and Barraclough show
that assuming away in situ speciation
won’t do for many other taxa either. For
highly mobile taxa, such as birds, bats,
and butterflies, in situ speciation is
absent except on the very largest
islands; but for less mobile taxa (the
majority) the species–area relationship
depends more critically on
a speciation–area relationship. Ferns
provide an interesting exception: the
probability of speciation in ferns is
similar on small and large islands. One
possible explanation is that ferns,
which are well known for their
propensity to achieve instantaneous
reproductive isolation via polyploidy,
need no geographic isolation. When it
comes to in situ speciation, then,
biology matters, and all taxa are not
equal.

Neither are all islands equal. Kisel
and Barraclough [15] use multivariate
analyses to disentangle the relative
contributions of island area, elevation,
age, and insularity (distance from
mainland). Decoupling island area from
elevation is especially important, as
higher probabilities of in situ speciation
on large islands might reflect their
greater opportunity for geographic
isolation (and hence allopatric
speciation) or their greater habitat
diversity (and hence ecological
speciation). Island elevation serves as
a useful proxy for habitat diversity as
other systematic measures are
difficult to come by (but see [16]).
Although Kisel and Barraclough [15]
find that island area is the strongest
predictor of the probability of in situ
speciation, elevation and insularity
are also important predictors.
Age, however, is not, suggesting

that islands may quickly achieve
colonization-speciation-extinction
equilibrium. Species diversity may
therefore be more limited by ecology
than the intrinsic rate at which a taxon
can produce new species [17].

Kisel and Barraclough [15] push their
analysis one step further, asking if
taxon-specific spatial scales of
population genetic differentiation are
associatedwith the probability of in situ
speciation. Speciation is a continuous
process in which isolated populations
gradually accrue, first, allele frequency
differences, then fixed genetic
differences, and ultimately functional
genetic differences that cause
reproductive isolation. Taxa able to
accumulate population genetic
differentiation on small geographic
scales should also show small
minimum threshold areas and higher
probabilities of speciation. Consistent
with this prediction, Kisel and
Barraclough [15] find that, at the scale
of 10–100 km distances, snail
populations accumulate considerable
genetic differentiation whereas bat
populations do not. Thus, in situ

speciation contributes to local species
diversity only when gene flow is
unable to prevent population genetic
differentiation — when islands are
sufficiently large, when species are
sufficiently sedentary, or both.
Kisel and Barracough’s [15] results

powerfully reinforce the assertion that
any general explanation for the
species-area relationship must include
speciation. Their work also shows that
biological details, like the capacity to
disperse and mode of speciation, are
critical parameters for new theories of
island biogeography (see also
[9,12,18]). Other major features of the
species-area relationship remain
largely unexplored, including the
pattern of species accumulation over
time (for example, fast early on, slow
later) and the relative contributions of
in situ speciation versus colonization.
Phylogenetic studies are limited by
their inability to include extinct lineages
and by the tendency for the scope and
accuracy of historical inference to
decay with time. Nevertheless, we are
likely entering a period during which
increasingly well-resolved and

Figure 1. Phylogenetic analyses combined with geographic data can distinguish colonization
from in situ speciation.

The top phylogenetic history (A) shows that species a and b are not sister species and are thus
not necessarily the products of in situ speciation. Instead, species b and c are sister species,
consistent with inter-island speciation. The bottom phylogenetic history (B) shows that
species a and b are sister species on the same island, consistent with in situ speciation.
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Ocorre em um curto espaço de tempo 
geológico (até poucos milhões de anos) 
a partir de um ancestral comum.


Resulta em uma alta riqueza de 
espécies.


Resulta em uma alta diversidade de 
ecologias.


As diferentes ecologias resultam de 
adaptações (em geral resultam da 
competição por recursos).

Definição: diversificação rápida de uma única linhagem evolutiva em diversas 
espécies que apresentam um alto grau de disparidade ecológica resultante de 
adaptações morfológicas, fisiológicas ou comportamentais.
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islands having a minimum threshold
area; and second, above that
threshold, the probability of in situ
speciation is positively correlated
with island area. To test these
predictions across the broadest array
of taxa possible, Kisel and
Barraclough [15] rely on taxonomic
assessments as a proxy for
phylogenetic relatedness, an
assumption that is justified by more
detailed phylogenetic analyses of
many taxa in their study. To lizards
and snails, the authors add ferns,
flowering plants, butterflies, birds,
carnivores, and bats surveyed from
islands ranging in area from <1 km2

(Nihoa) to >500,000 km2 (Madagascar).
Not only do lizards [13] and snails [16]

need less space for speciation than
birds, but Kisel and Barraclough show
that assuming away in situ speciation
won’t do for many other taxa either. For
highly mobile taxa, such as birds, bats,
and butterflies, in situ speciation is
absent except on the very largest
islands; but for less mobile taxa (the
majority) the species–area relationship
depends more critically on
a speciation–area relationship. Ferns
provide an interesting exception: the
probability of speciation in ferns is
similar on small and large islands. One
possible explanation is that ferns,
which are well known for their
propensity to achieve instantaneous
reproductive isolation via polyploidy,
need no geographic isolation. When it
comes to in situ speciation, then,
biology matters, and all taxa are not
equal.

Neither are all islands equal. Kisel
and Barraclough [15] use multivariate
analyses to disentangle the relative
contributions of island area, elevation,
age, and insularity (distance from
mainland). Decoupling island area from
elevation is especially important, as
higher probabilities of in situ speciation
on large islands might reflect their
greater opportunity for geographic
isolation (and hence allopatric
speciation) or their greater habitat
diversity (and hence ecological
speciation). Island elevation serves as
a useful proxy for habitat diversity as
other systematic measures are
difficult to come by (but see [16]).
Although Kisel and Barraclough [15]
find that island area is the strongest
predictor of the probability of in situ
speciation, elevation and insularity
are also important predictors.
Age, however, is not, suggesting

that islands may quickly achieve
colonization-speciation-extinction
equilibrium. Species diversity may
therefore be more limited by ecology
than the intrinsic rate at which a taxon
can produce new species [17].

Kisel and Barraclough [15] push their
analysis one step further, asking if
taxon-specific spatial scales of
population genetic differentiation are
associatedwith the probability of in situ
speciation. Speciation is a continuous
process in which isolated populations
gradually accrue, first, allele frequency
differences, then fixed genetic
differences, and ultimately functional
genetic differences that cause
reproductive isolation. Taxa able to
accumulate population genetic
differentiation on small geographic
scales should also show small
minimum threshold areas and higher
probabilities of speciation. Consistent
with this prediction, Kisel and
Barraclough [15] find that, at the scale
of 10–100 km distances, snail
populations accumulate considerable
genetic differentiation whereas bat
populations do not. Thus, in situ

speciation contributes to local species
diversity only when gene flow is
unable to prevent population genetic
differentiation — when islands are
sufficiently large, when species are
sufficiently sedentary, or both.
Kisel and Barracough’s [15] results

powerfully reinforce the assertion that
any general explanation for the
species-area relationship must include
speciation. Their work also shows that
biological details, like the capacity to
disperse and mode of speciation, are
critical parameters for new theories of
island biogeography (see also
[9,12,18]). Other major features of the
species-area relationship remain
largely unexplored, including the
pattern of species accumulation over
time (for example, fast early on, slow
later) and the relative contributions of
in situ speciation versus colonization.
Phylogenetic studies are limited by
their inability to include extinct lineages
and by the tendency for the scope and
accuracy of historical inference to
decay with time. Nevertheless, we are
likely entering a period during which
increasingly well-resolved and

Figure 1. Phylogenetic analyses combined with geographic data can distinguish colonization
from in situ speciation.

The top phylogenetic history (A) shows that species a and b are not sister species and are thus
not necessarily the products of in situ speciation. Instead, species b and c are sister species,
consistent with inter-island speciation. The bottom phylogenetic history (B) shows that
species a and b are sister species on the same island, consistent with in situ speciation.
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islands having a minimum threshold
area; and second, above that
threshold, the probability of in situ
speciation is positively correlated
with island area. To test these
predictions across the broadest array
of taxa possible, Kisel and
Barraclough [15] rely on taxonomic
assessments as a proxy for
phylogenetic relatedness, an
assumption that is justified by more
detailed phylogenetic analyses of
many taxa in their study. To lizards
and snails, the authors add ferns,
flowering plants, butterflies, birds,
carnivores, and bats surveyed from
islands ranging in area from <1 km2

(Nihoa) to >500,000 km2 (Madagascar).
Not only do lizards [13] and snails [16]

need less space for speciation than
birds, but Kisel and Barraclough show
that assuming away in situ speciation
won’t do for many other taxa either. For
highly mobile taxa, such as birds, bats,
and butterflies, in situ speciation is
absent except on the very largest
islands; but for less mobile taxa (the
majority) the species–area relationship
depends more critically on
a speciation–area relationship. Ferns
provide an interesting exception: the
probability of speciation in ferns is
similar on small and large islands. One
possible explanation is that ferns,
which are well known for their
propensity to achieve instantaneous
reproductive isolation via polyploidy,
need no geographic isolation. When it
comes to in situ speciation, then,
biology matters, and all taxa are not
equal.

Neither are all islands equal. Kisel
and Barraclough [15] use multivariate
analyses to disentangle the relative
contributions of island area, elevation,
age, and insularity (distance from
mainland). Decoupling island area from
elevation is especially important, as
higher probabilities of in situ speciation
on large islands might reflect their
greater opportunity for geographic
isolation (and hence allopatric
speciation) or their greater habitat
diversity (and hence ecological
speciation). Island elevation serves as
a useful proxy for habitat diversity as
other systematic measures are
difficult to come by (but see [16]).
Although Kisel and Barraclough [15]
find that island area is the strongest
predictor of the probability of in situ
speciation, elevation and insularity
are also important predictors.
Age, however, is not, suggesting

that islands may quickly achieve
colonization-speciation-extinction
equilibrium. Species diversity may
therefore be more limited by ecology
than the intrinsic rate at which a taxon
can produce new species [17].

Kisel and Barraclough [15] push their
analysis one step further, asking if
taxon-specific spatial scales of
population genetic differentiation are
associatedwith the probability of in situ
speciation. Speciation is a continuous
process in which isolated populations
gradually accrue, first, allele frequency
differences, then fixed genetic
differences, and ultimately functional
genetic differences that cause
reproductive isolation. Taxa able to
accumulate population genetic
differentiation on small geographic
scales should also show small
minimum threshold areas and higher
probabilities of speciation. Consistent
with this prediction, Kisel and
Barraclough [15] find that, at the scale
of 10–100 km distances, snail
populations accumulate considerable
genetic differentiation whereas bat
populations do not. Thus, in situ

speciation contributes to local species
diversity only when gene flow is
unable to prevent population genetic
differentiation — when islands are
sufficiently large, when species are
sufficiently sedentary, or both.
Kisel and Barracough’s [15] results

powerfully reinforce the assertion that
any general explanation for the
species-area relationship must include
speciation. Their work also shows that
biological details, like the capacity to
disperse and mode of speciation, are
critical parameters for new theories of
island biogeography (see also
[9,12,18]). Other major features of the
species-area relationship remain
largely unexplored, including the
pattern of species accumulation over
time (for example, fast early on, slow
later) and the relative contributions of
in situ speciation versus colonization.
Phylogenetic studies are limited by
their inability to include extinct lineages
and by the tendency for the scope and
accuracy of historical inference to
decay with time. Nevertheless, we are
likely entering a period during which
increasingly well-resolved and

Figure 1. Phylogenetic analyses combined with geographic data can distinguish colonization
from in situ speciation.

The top phylogenetic history (A) shows that species a and b are not sister species and are thus
not necessarily the products of in situ speciation. Instead, species b and c are sister species,
consistent with inter-island speciation. The bottom phylogenetic history (B) shows that
species a and b are sister species on the same island, consistent with in situ speciation.
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islands having a minimum threshold
area; and second, above that
threshold, the probability of in situ
speciation is positively correlated
with island area. To test these
predictions across the broadest array
of taxa possible, Kisel and
Barraclough [15] rely on taxonomic
assessments as a proxy for
phylogenetic relatedness, an
assumption that is justified by more
detailed phylogenetic analyses of
many taxa in their study. To lizards
and snails, the authors add ferns,
flowering plants, butterflies, birds,
carnivores, and bats surveyed from
islands ranging in area from <1 km2

(Nihoa) to >500,000 km2 (Madagascar).
Not only do lizards [13] and snails [16]

need less space for speciation than
birds, but Kisel and Barraclough show
that assuming away in situ speciation
won’t do for many other taxa either. For
highly mobile taxa, such as birds, bats,
and butterflies, in situ speciation is
absent except on the very largest
islands; but for less mobile taxa (the
majority) the species–area relationship
depends more critically on
a speciation–area relationship. Ferns
provide an interesting exception: the
probability of speciation in ferns is
similar on small and large islands. One
possible explanation is that ferns,
which are well known for their
propensity to achieve instantaneous
reproductive isolation via polyploidy,
need no geographic isolation. When it
comes to in situ speciation, then,
biology matters, and all taxa are not
equal.

Neither are all islands equal. Kisel
and Barraclough [15] use multivariate
analyses to disentangle the relative
contributions of island area, elevation,
age, and insularity (distance from
mainland). Decoupling island area from
elevation is especially important, as
higher probabilities of in situ speciation
on large islands might reflect their
greater opportunity for geographic
isolation (and hence allopatric
speciation) or their greater habitat
diversity (and hence ecological
speciation). Island elevation serves as
a useful proxy for habitat diversity as
other systematic measures are
difficult to come by (but see [16]).
Although Kisel and Barraclough [15]
find that island area is the strongest
predictor of the probability of in situ
speciation, elevation and insularity
are also important predictors.
Age, however, is not, suggesting

that islands may quickly achieve
colonization-speciation-extinction
equilibrium. Species diversity may
therefore be more limited by ecology
than the intrinsic rate at which a taxon
can produce new species [17].

Kisel and Barraclough [15] push their
analysis one step further, asking if
taxon-specific spatial scales of
population genetic differentiation are
associatedwith the probability of in situ
speciation. Speciation is a continuous
process in which isolated populations
gradually accrue, first, allele frequency
differences, then fixed genetic
differences, and ultimately functional
genetic differences that cause
reproductive isolation. Taxa able to
accumulate population genetic
differentiation on small geographic
scales should also show small
minimum threshold areas and higher
probabilities of speciation. Consistent
with this prediction, Kisel and
Barraclough [15] find that, at the scale
of 10–100 km distances, snail
populations accumulate considerable
genetic differentiation whereas bat
populations do not. Thus, in situ

speciation contributes to local species
diversity only when gene flow is
unable to prevent population genetic
differentiation — when islands are
sufficiently large, when species are
sufficiently sedentary, or both.
Kisel and Barracough’s [15] results

powerfully reinforce the assertion that
any general explanation for the
species-area relationship must include
speciation. Their work also shows that
biological details, like the capacity to
disperse and mode of speciation, are
critical parameters for new theories of
island biogeography (see also
[9,12,18]). Other major features of the
species-area relationship remain
largely unexplored, including the
pattern of species accumulation over
time (for example, fast early on, slow
later) and the relative contributions of
in situ speciation versus colonization.
Phylogenetic studies are limited by
their inability to include extinct lineages
and by the tendency for the scope and
accuracy of historical inference to
decay with time. Nevertheless, we are
likely entering a period during which
increasingly well-resolved and

Figure 1. Phylogenetic analyses combined with geographic data can distinguish colonization
from in situ speciation.

The top phylogenetic history (A) shows that species a and b are not sister species and are thus
not necessarily the products of in situ speciation. Instead, species b and c are sister species,
consistent with inter-island speciation. The bottom phylogenetic history (B) shows that
species a and b are sister species on the same island, consistent with in situ speciation.
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Definição: diversificação rápida de uma única linhagem evolutiva em diversas 
espécies que apresentam um alto grau de disparidade ecológica resultante de 
adaptações morfológicas, fisiológicas ou comportamentais.
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Definição: diversificação rápida de uma única linhagem evolutiva em diversas 
espécies que apresentam um alto grau de disparidade ecológica resultante de 
adaptações morfológicas, fisiológicas ou comportamentais.
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Vangidae de Madagascar

Muitas vezes a ecologia é 
determinada pela morfologia. 
Desta forma um conceito 
importante é o de “disparidade 
morfológica”.

Definição: diversificação rápida de uma única linhagem evolutiva em diversas 
espécies que apresentam um alto grau de disparidade ecológica resultante de 
adaptações morfológicas, fisiológicas ou comportamentais.
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Definição: diversidade de tipos morfológicos. 
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- Área total do “morfo-espaço”.


- Distância média entre os pares de espécie.

Diferentes formas de medir:
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few lineages. However, nucleotide sequence data now provide an alter-
native means of reconstructing phylogenetic relationships and the timing 
of lineage divergence events. With time-calibrated phylogenies, one may 
ask questions such as whether the occurrence of adaptive radiation is cor-
related with historical events (e.g., mass extinctions, changes in climate) 
or whether the pace of diversification decreases through time, as often is 
expected of an adaptive radiation (Box 15.1).

Third, experimental studies of microbial evolution have added a new 
dimension to the study of adaptive radiation (see Dykhuizen, Commentary 
2). Such studies bring the benefits of experimental control, large sample 
sizes and replication, and the ability to not only track lineages through the 
diversification process, but also to freeze ancestral taxa and subsequently 
resurrect them to interact with their descendants (Lenski and Travisano 
1994). Although thus far primarily based on studies of short-lived asexually 
reproducing organisms diversifying under simplified ecological conditions 
(a situation that is changing), microbial evolution studies have permitted 
experimental tests of many of the basic hypotheses of adaptive radiation, 
allowing microevolutionary processes to be directly and experimentally 
connected to macroevolutionary outcomes and often confirming predic-
tions of the adaptive radiation model (Kassen 2009) (Figure 15.3). 

With time-calibrated phylogenies, researchers 
can investigate whether lineage diversification 
patterns match patterns expected from the 
ecological process of adaptive radiation. These 
approaches focus on how the pace of lineage 
or phenotypic diversification alters over time or 
with changing ecological conditions, such as eco-
logical opportunity. The most common approach 
to testing for the signature of adaptive radiation 
is to construct models in which parameters de-
scribe changes in the tempo of diversification as 
a result of ecological conditions. Alternative eco-

logical models may be compared to each other, 
to non-ecological models, or to a null model in 
which diversification proceeds at a constant rate.

Tests for the signature of adaptive radiation 
have a rich pedigree in quantitative paleontol-
ogy, in which numerous studies have tracked the 
rise and fall of diversity and disparity in relation 
to mass extinction events, the evolution of key 
innovations, and colonization of new regions 
(Simpson 1953; Sepkoski 1978; Foote 1997, 
1999; reviewed in Erwin 2007; see Foote, Chap-
ter 18) (Figure 1A,B). 

BOX 15.1
TESTING FOR CHARACTERISTIC PATTERNS OF ADAPTIVE RADIATION
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It is very difficult to 
see what is happening 
in the tubes. 

(A)  Heterogeneous environment

(B)  Homogeneous environment

FIGURE 15.3 Experiments on the 
Evolutionary Diversification of the Bacterium 
Pseudomonas fluorescens Resources were 
distributed either heterogeneously (solu-
tion with red and green strata in A) or 
homogeneously (uniform green solution in 
B) distributed. After several days, bacteria 
in the heterogeneous environments repeat-
edly diverged into the same three morpho-
types, which interact negatively and differ 
in resource use (the yellow shading on the 
right depicts typical resource use for each 
morphotype; the different forms tend to 
thrive as a surface film, in solution, or along 
the substrate, respectively). By contrast, only 
one morphotype occurred in the homog-
enous treatment. (Adapted from Rainey and 
Travisano 1998.)

FIGURE 1 The “Early Burst” Pattern of Adap-
tive Radiation In the fossil record, an early 
burst may be detected by tracking the number 
of species and the total disparity of a radiation 
over geological time. In trilobites, species rich-
ness (A) and disparity (B) both peaked early in 
the history of the clade.  Phylogenetic compara-
tive methods may be used to detect an early 

burst from data on extant taxa. Greater Antil-
lean Anolis lizards exhibit both a rapid early 
accumulation of lineages, depicted as a concave 
lineages-through-time plot in (C), as well as an 
early burst in phenotypic evolution, evident as 
larger independent contrasts early in the radia-
tion (D). (A,B adapted from Foote 1993; C,D 
adapted from Mahler et al. 2010.) 
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Drepanidinae do Havaí

Radiação Adaptativa

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 
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Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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Drepanidinae do Havaí

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 

4

Pr
in

ci
pa

l c
om

po
ne

nt
s 

an
al

ys
is

 II
 (

bi
ll 

le
ng

th
)

2

0

–2

Cardueline finches
Darwin’s finches
Hawaiian honeycreepers
Other passerines

–2 0 2 4

Principal components analysis I (bill width and depth)

b Generalists

a

Nectarivores Foragers among leaves

Seed and fruit eaters Bark pickers

Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)

832

NATURE|Vol 457|12 February 2009INSIGHT REVIEW

Losos final.indd NS OLD.indd   832Losos final.indd NS OLD.indd   832 5/2/09   18:17:365/2/09   18:17:36

��)''0�DXZd`ccXe�GlYc`j_\ij�C`d`k\[%�8cc�i`^_kj�i\j\im\[



Radiação Adaptativa

Drepanidinae do Havaí

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 
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Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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Radiação Adaptativa

Drepanidinae do Havaí

Ordem Passeriformes: cerca de 
5000 espécies e 110 famílias.

Sub-família Drepanidinae do Havaí: 22 
espécies na análise. Cerca de 50 espécies 
no total (incluindo as extintas).

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 
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Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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Radiação Adaptativa

Drepanidinae do Havaí

As espécies da sub-família Drepanidinae ocupam uma série de nichos 
ecológicos distintos, que no continente são ocupados por espécies de 
diversas famílias

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 
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Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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Radiação Adaptativa

Definição: diversificação rápida de uma única linhagem evolutiva em diversas 
espécies que apresentam um alto grau de disparidade ecológica resultante de 
adaptações morfológicas, fisiológicas ou comportamentais.



O que favoreceria a ocorrência de 
Radiações Adaptativas?

Vangidae de Madagascar

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 
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Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 

4

Pr
in

ci
pa

l c
om

po
ne

nt
s 

an
al

ys
is

 II
 (

bi
ll 

le
ng

th
)

2

0

–2

Cardueline finches
Darwin’s finches
Hawaiian honeycreepers
Other passerines

–2 0 2 4

Principal components analysis I (bill width and depth)

b Generalists

a

Nectarivores Foragers among leaves

Seed and fruit eaters Bark pickers

Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 
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Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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Radiação Adaptativa: Oportunidade ecológica



Oportunidade ecológica: grande quantidade de recursos evolutivamente 
acessíveis pouco usados por espécies competidoras (Schluter 2000)

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 

4

Pr
in

ci
pa

l c
om

po
ne

nt
s 

an
al

ys
is

 II
 (

bi
ll 

le
ng

th
)

2

0

–2

Cardueline finches
Darwin’s finches
Hawaiian honeycreepers
Other passerines

–2 0 2 4

Principal components analysis I (bill width and depth)

b Generalists

a

Nectarivores Foragers among leaves

Seed and fruit eaters Bark pickers

Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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Radiação Adaptativa: Oportunidade ecológica



Que condições resultariam em 
oportunidades ecológicas?

and when they become sympatric as a result of one population colonizing 
an island already occupied by another, either they have already attained 
species-level distinctiveness or ecological and evolutionary processes 
acting in sympatry reinforce pre-existing differences, completing the 
speciation process8,26 (Fig. 3).

Once islands exceed the speciation threshold, the rate of speciation 
has been shown to increase with island size, at least in Greater Antillean 
anoles16 and Galapagos snails20,27. By contrast, island age seems to have 
a stronger effect than island area in some archipelagoes, with islands of 
intermediate age having the most species and older islands losing species 
by extinction as their habitats degrade from erosion and loss of area28–30. 

In addition, on old islands, the distributions of closely related allopatric 
species might expand, bringing the species into sympatry and leading 
to the extinction of one of the species through competition31.

Two explanations could account for the relationship between island 
size and prevalence of speciation. One possibility is that larger islands 
may present more opportunities for allopatric isolation thanks to their 
higher elevation and greater topographical and ecological complex-
ity 32,33, as well as a greater opportunity for fragmentation by high sea 
levels or other geological events34. Alternatively, island size is often cor-
related with ecological diversity, so larger islands might have more niche 
space and therefore allow the coexistence of more species, even if rates 
of species generation do not change with area35. The evidence on Gal-
apagos snails supports the latter possibility: vegetation diversity, which 
is an index of niche availability, predicts the number of within-island 
speciation events better than island area20,27.

The extent of species diversification on islands is also affected by 
the degree of isolation. Gene flow between close islands prevents the 
divergence of populations. At the opposite extreme, populations on 
widely separated islands differentiate readily but rarely colonize new 
islands to build up local species numbers. So diversification within 
archipelagoes requires the appropriate correspondence of geography 
and dispersal ability36,37.

Adaptive radiation
The evolutionary exuberance of some island clades is impressive. 
Every naturalist has a favourite example, perhaps the 30-odd species of 
silver sword plant (Asteraceae) that occupy almost all terrestrial habi-
tats in the Hawaiian islands and exhibit a vast range of morphologies, 
including trees, erect and compact shrubs, lianas, and branched and 
unbranched rosettes. Or perhaps it is the roughly 500 species of Hawai-
ian Drosophila, including species that occupy a wide variety of habitats 
and display a range of phenotypic variation far outstripping that of other 
Drosophila, including differences in body size, wing, leg, antennal and 
mouthpart morphology, and head shape38,39.

Adaptive radiation is the outcome of speciation and adaptation in 
the context of ecological opportunity. It begins with the colonization 
of a species-poor environment. Allopatric speciation and subsequent 
re colonization of ancestral islands or areas within islands leads to the 
sympatry of two or more species. The abundant populations of these 
species now compete for resources, with selection favouring adapt ations 
that reduce competition between species, including morphological 
divergence and resource specialization. Repeated again and again, this 
sequence of species production and character displacement in sympatry 
can produce a clade of endemic island taxa that are adapted and special-
ized to use a broad spectrum of ecological space. An unresolved question 
concerns the extent to which prior ecological divergence in allopatry is 
necessary to allow coexistence in sympatry, after which evolutionary 
divergence is driven by character displacement8,40.

As recently as the 1980s, however, many ecologists questioned the 
evolutionary significance of character displacement41. Most now accept 
its role in diversification, and some of the best examples come from 
island settings10,42. Islands provide unique opportunities to study charac-
ter displacement because pairs of species often occur in sympatry on 
some islands and alone on others. The classic signature of character 
displacement is that species are more dissimilar in sympatry than in 
allopatry, although additional genetic, phylogenetic and functional data 
are also needed10. In a recent study on Darwin’s finches43, Peter and 
Rosemary Grant showed that natural selection in response to drought 
conditions favoured increased beak size (which is associated with eat-
ing larger seeds) in Geospiza fortis in the absence of a larger competing 
species, but decreased beak size (which is more suitable for gleaning 
smaller seeds) in the presence of such competition.

Adaptive radiation can also be brought about in other ways. For 
example, plant species that colonize different climatic zones might 
diverge physiologically and morphologically as they adapt to diverse 
biotic environments39,44–46. Secondary sympatry of such forms could 
result if their differences allowed them to come back into contact and 
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Figure 2 | Distribution of beak shapes in passerine birds, illustrating the 
tremendous diversification of morphology in Hawaiian honeycreepers. 
a, Graph showing variation in beak morphology in a sample of passerine 
birds worldwide. Variation is represented by scores on the first two axes 
of a principal components analysis (which derives uncorrelated axes of 
variation as linear combinations of the original variables). Towards the 
bottom right, beaks are short and stout; towards the top left, they are long 
and slender. Mainland cardueline finches have diversified primarily in bill 
width and depth, retaining the basic finch-like beak shape, whereas the 
Hawaiian honeycreepers have also diversified in bill length. (Data from 
ref. 35.) b, Adaptive radiation in Hawaiian honeycreepers, showing how 
beak shapes are adapted for particular food types. (Panel b reproduced, 
with permission, from ref. 74; courtesy of D. Pratt (North Carolina Museum 
of Natural Sciences, Raleigh).)
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Oportunidade ecológica

Colonização de áreas isoladas depauperadas de espécies, como por 
exemplo ilhas, lagos ou topo de montanhas.


Chegada ou evolução de um novo recurso.


Uma extinção em massa criando áreas depauperadas de espécies .


Adaptação chave.



Anolis no Caribe 

Cuba Hispaniola

Jamaica Puerto Rico

Algumas ilhas não tem todos os Ecomorfos!!!!



Algumas comunidades não tem todas 
as formas de alimentação



Nicho Vago

Definição: quando uma dada comunidade apresenta as 
características de um dado nicho, mas nenhuma espécie presente 
ocupa este nicho.



Nicho Vago e convergência ecológicaREVIEWS 

~50% meat 

specialist 

Ftg. 1. Distribution of predators within a dental morphospace (based 
on data in Refs 14,27) for a sample of 47 extant carnivores (a), the 
predator guild of the Recent Yellowstone ecosystem (b), and two extinct 
North American paleoguilds from the Pliocene (c) and Oligocene (d). 
The axes represent measurements of the teeth that reflect diet, such 
as relative premolar size as an indicator of bone-cracking abilities 
(bone-cracking ++ meat-specialist axis), and carnassial blade length 
relative to grinding molar area as an estimate of the importance of 
meat as opposed to plant foods in the diet (meat specialist t3 omnivory 
axis). The ellipses encompass all species within each of the four dietary 
types within each sample. Simplified from rigure in Ref. 14. 

evidence of convergence on an ideal distance between taxa 
in the dental/dietary morphospace. By contrast, using only 
single estimates of canine tooth size, Dayan and colleagues28 
reported a regular pattern of size differences within more 
narrowly defined guilds of mustelids and felids, respectively, 
but this has yet to be explored in fossil predator guilds. The 
paleoguild analyses suggest that guilds of large, terrestrial, 
mammalian predators appear to be fairly predictable in gen- 
eral construction no matter where or when they exist; each 
contains a few cat-like ecomorphs and fox-like generalists, 
but only some contain hyaena-like and bear-like taxa. The 
evolution of specialized bone-cracking species is probably 
favored in drier, more open environments where the proba- 
bility of carcass discovery is enhancedId. The central plains 
of Pliocene North America appear to have been a savanna- 
woodland29 and its paleofaunas usually include one or more 
bone-cracking canid species. Although large bear-like eco- 
morphs appear to have been absent in the Oligocene paleo- 
guild, it is possible that this role was filled by a group of 
extinct large pig-like mammals known as entelodonts. 

The predator paleoguild analysis revealed that the basic 
pattern of dental divergence among sympatric species was 
established at least 34 million years ago and has changed 
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little since. This is not surprising, given that the food being 
consumed consists of materials (muscle, skin, bone), that are 
unlikely to have been significantly altered over the Cenozoic. 
The same cannot be said of herbivores that have had to 
strengthen their teeth over the past 25 million years in re- 
sponse to the worldwide expansion of open grasslandsso. 
Additional analyses of predator paleoguilds in both North 
and South America confirm the pattern of iterative evol- 
ution of the basic predator ecomorphs. In particular, the cat- 
like morphology with its associated specialization on meat, 
appears to have evolved repeatedly in response to the 
extinction of previous occupants of this nichels131. After the 
cat-like nimravids and creodonts disappeared from North 
America approximately 23 million years ago, there was a gap 
of some eight million years before a true felid appeared. In 
the interim, several species of canids, mustelids and amphi- 
cyonids (extinct family of bear-dogs) with relatively cat-like, 
shorter faces and blade-like teeth seem to have occupied 
the niche now held by felids. A similar trend can be seen 
among canids that crossed the Panamanian isthmus into 
South America some two million years ago. They entered a 
continent with a depauperate predator fauna and rapidly 
radiated to dominate both the meat-specialist and general- 
ist role.+. However, in both of these examples, the non-felid 
cat-like taxa decline ultimately and felids take over the meat- 
specialist corner of the predator guild. This repeated tend- 
ency, over the course of millions of years, to evolve in the 
direction of hypercarnivory (meat specialization) when cats 
are absent suggests that increased bite strength and meat- 
slicing capabilities are features that are often favored among 
large predators, perhaps as a result of intraspecific compe- 
tition for food. 

Reptiles and birds 
Other examples of iterative evolution of similar eco- 

morphs have been documented in paleoguilds of Mesozoic 
marine reptiles and Quaternaryvultures. Using tooth shape 
and wear characteristics, Massare’ defined seven feeding 
preference guilds of marine reptiles, such as mollusk eaters, 
soft-food eaters and large-vertebrate eaters. Over the course 
of the Jurassic (208-144 million years ago), the array of guilds 
present in the world’s oceans remained stable although 
there was considerable taxonomic turnover within guilds. 
Hertell analyzed feeding diversity among sympatric carrion 
feeding birds (i.e. vultures) in extant and extinct avifaunas. 
In his study, he compared body size and beak shape diversity 
among modern Old World and New World guilds of vultures 
as well as an extinct assemblage from the late Pleistocene 
Ranch0 La Brea deposits of California, USA. Despite inde- 
pendent phylogenetic histories, Old World and New World 
vultures display a similar division into three feeding types: 
rippers, gulpers and scrappers (Fig. 2), and the same was 
true of the Pleistocene avifauna. As is the case for the mam- 
malian predators, there are probably a limited number 
of ways to partition the shared resource, carrion, and its 
properties are similar in all environments. Interestingly, the 
distribution of body sizes (as represented by skull length) 
within guilds is very similar in the four guilds; species are 
arranged in three non-overlapping size classes, with one 
to four species in each size class (Fig. 3), suggesting that 
species converge on the three different sizes for reasons 
that are as yet unclear”. 

Community evolution 
All of the above analyses have been of the snapshot vari- 

ety; that is, they examined a temporal series of guilds sepa- 
rated by significant time gaps. The fact that they share a 
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Ftg. 1. Distribution of predators within a dental morphospace (based 
on data in Refs 14,27) for a sample of 47 extant carnivores (a), the 
predator guild of the Recent Yellowstone ecosystem (b), and two extinct 
North American paleoguilds from the Pliocene (c) and Oligocene (d). 
The axes represent measurements of the teeth that reflect diet, such 
as relative premolar size as an indicator of bone-cracking abilities 
(bone-cracking ++ meat-specialist axis), and carnassial blade length 
relative to grinding molar area as an estimate of the importance of 
meat as opposed to plant foods in the diet (meat specialist t3 omnivory 
axis). The ellipses encompass all species within each of the four dietary 
types within each sample. Simplified from rigure in Ref. 14. 

evidence of convergence on an ideal distance between taxa 
in the dental/dietary morphospace. By contrast, using only 
single estimates of canine tooth size, Dayan and colleagues28 
reported a regular pattern of size differences within more 
narrowly defined guilds of mustelids and felids, respectively, 
but this has yet to be explored in fossil predator guilds. The 
paleoguild analyses suggest that guilds of large, terrestrial, 
mammalian predators appear to be fairly predictable in gen- 
eral construction no matter where or when they exist; each 
contains a few cat-like ecomorphs and fox-like generalists, 
but only some contain hyaena-like and bear-like taxa. The 
evolution of specialized bone-cracking species is probably 
favored in drier, more open environments where the proba- 
bility of carcass discovery is enhancedId. The central plains 
of Pliocene North America appear to have been a savanna- 
woodland29 and its paleofaunas usually include one or more 
bone-cracking canid species. Although large bear-like eco- 
morphs appear to have been absent in the Oligocene paleo- 
guild, it is possible that this role was filled by a group of 
extinct large pig-like mammals known as entelodonts. 

The predator paleoguild analysis revealed that the basic 
pattern of dental divergence among sympatric species was 
established at least 34 million years ago and has changed 
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little since. This is not surprising, given that the food being 
consumed consists of materials (muscle, skin, bone), that are 
unlikely to have been significantly altered over the Cenozoic. 
The same cannot be said of herbivores that have had to 
strengthen their teeth over the past 25 million years in re- 
sponse to the worldwide expansion of open grasslandsso. 
Additional analyses of predator paleoguilds in both North 
and South America confirm the pattern of iterative evol- 
ution of the basic predator ecomorphs. In particular, the cat- 
like morphology with its associated specialization on meat, 
appears to have evolved repeatedly in response to the 
extinction of previous occupants of this nichels131. After the 
cat-like nimravids and creodonts disappeared from North 
America approximately 23 million years ago, there was a gap 
of some eight million years before a true felid appeared. In 
the interim, several species of canids, mustelids and amphi- 
cyonids (extinct family of bear-dogs) with relatively cat-like, 
shorter faces and blade-like teeth seem to have occupied 
the niche now held by felids. A similar trend can be seen 
among canids that crossed the Panamanian isthmus into 
South America some two million years ago. They entered a 
continent with a depauperate predator fauna and rapidly 
radiated to dominate both the meat-specialist and general- 
ist role.+. However, in both of these examples, the non-felid 
cat-like taxa decline ultimately and felids take over the meat- 
specialist corner of the predator guild. This repeated tend- 
ency, over the course of millions of years, to evolve in the 
direction of hypercarnivory (meat specialization) when cats 
are absent suggests that increased bite strength and meat- 
slicing capabilities are features that are often favored among 
large predators, perhaps as a result of intraspecific compe- 
tition for food. 

Reptiles and birds 
Other examples of iterative evolution of similar eco- 

morphs have been documented in paleoguilds of Mesozoic 
marine reptiles and Quaternaryvultures. Using tooth shape 
and wear characteristics, Massare’ defined seven feeding 
preference guilds of marine reptiles, such as mollusk eaters, 
soft-food eaters and large-vertebrate eaters. Over the course 
of the Jurassic (208-144 million years ago), the array of guilds 
present in the world’s oceans remained stable although 
there was considerable taxonomic turnover within guilds. 
Hertell analyzed feeding diversity among sympatric carrion 
feeding birds (i.e. vultures) in extant and extinct avifaunas. 
In his study, he compared body size and beak shape diversity 
among modern Old World and New World guilds of vultures 
as well as an extinct assemblage from the late Pleistocene 
Ranch0 La Brea deposits of California, USA. Despite inde- 
pendent phylogenetic histories, Old World and New World 
vultures display a similar division into three feeding types: 
rippers, gulpers and scrappers (Fig. 2), and the same was 
true of the Pleistocene avifauna. As is the case for the mam- 
malian predators, there are probably a limited number 
of ways to partition the shared resource, carrion, and its 
properties are similar in all environments. Interestingly, the 
distribution of body sizes (as represented by skull length) 
within guilds is very similar in the four guilds; species are 
arranged in three non-overlapping size classes, with one 
to four species in each size class (Fig. 3), suggesting that 
species converge on the three different sizes for reasons 
that are as yet unclear”. 

Community evolution 
All of the above analyses have been of the snapshot vari- 

ety; that is, they examined a temporal series of guilds sepa- 
rated by significant time gaps. The fact that they share a 
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Ftg. 1. Distribution of predators within a dental morphospace (based 
on data in Refs 14,27) for a sample of 47 extant carnivores (a), the 
predator guild of the Recent Yellowstone ecosystem (b), and two extinct 
North American paleoguilds from the Pliocene (c) and Oligocene (d). 
The axes represent measurements of the teeth that reflect diet, such 
as relative premolar size as an indicator of bone-cracking abilities 
(bone-cracking ++ meat-specialist axis), and carnassial blade length 
relative to grinding molar area as an estimate of the importance of 
meat as opposed to plant foods in the diet (meat specialist t3 omnivory 
axis). The ellipses encompass all species within each of the four dietary 
types within each sample. Simplified from rigure in Ref. 14. 

evidence of convergence on an ideal distance between taxa 
in the dental/dietary morphospace. By contrast, using only 
single estimates of canine tooth size, Dayan and colleagues28 
reported a regular pattern of size differences within more 
narrowly defined guilds of mustelids and felids, respectively, 
but this has yet to be explored in fossil predator guilds. The 
paleoguild analyses suggest that guilds of large, terrestrial, 
mammalian predators appear to be fairly predictable in gen- 
eral construction no matter where or when they exist; each 
contains a few cat-like ecomorphs and fox-like generalists, 
but only some contain hyaena-like and bear-like taxa. The 
evolution of specialized bone-cracking species is probably 
favored in drier, more open environments where the proba- 
bility of carcass discovery is enhancedId. The central plains 
of Pliocene North America appear to have been a savanna- 
woodland29 and its paleofaunas usually include one or more 
bone-cracking canid species. Although large bear-like eco- 
morphs appear to have been absent in the Oligocene paleo- 
guild, it is possible that this role was filled by a group of 
extinct large pig-like mammals known as entelodonts. 

The predator paleoguild analysis revealed that the basic 
pattern of dental divergence among sympatric species was 
established at least 34 million years ago and has changed 
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little since. This is not surprising, given that the food being 
consumed consists of materials (muscle, skin, bone), that are 
unlikely to have been significantly altered over the Cenozoic. 
The same cannot be said of herbivores that have had to 
strengthen their teeth over the past 25 million years in re- 
sponse to the worldwide expansion of open grasslandsso. 
Additional analyses of predator paleoguilds in both North 
and South America confirm the pattern of iterative evol- 
ution of the basic predator ecomorphs. In particular, the cat- 
like morphology with its associated specialization on meat, 
appears to have evolved repeatedly in response to the 
extinction of previous occupants of this nichels131. After the 
cat-like nimravids and creodonts disappeared from North 
America approximately 23 million years ago, there was a gap 
of some eight million years before a true felid appeared. In 
the interim, several species of canids, mustelids and amphi- 
cyonids (extinct family of bear-dogs) with relatively cat-like, 
shorter faces and blade-like teeth seem to have occupied 
the niche now held by felids. A similar trend can be seen 
among canids that crossed the Panamanian isthmus into 
South America some two million years ago. They entered a 
continent with a depauperate predator fauna and rapidly 
radiated to dominate both the meat-specialist and general- 
ist role.+. However, in both of these examples, the non-felid 
cat-like taxa decline ultimately and felids take over the meat- 
specialist corner of the predator guild. This repeated tend- 
ency, over the course of millions of years, to evolve in the 
direction of hypercarnivory (meat specialization) when cats 
are absent suggests that increased bite strength and meat- 
slicing capabilities are features that are often favored among 
large predators, perhaps as a result of intraspecific compe- 
tition for food. 

Reptiles and birds 
Other examples of iterative evolution of similar eco- 

morphs have been documented in paleoguilds of Mesozoic 
marine reptiles and Quaternaryvultures. Using tooth shape 
and wear characteristics, Massare’ defined seven feeding 
preference guilds of marine reptiles, such as mollusk eaters, 
soft-food eaters and large-vertebrate eaters. Over the course 
of the Jurassic (208-144 million years ago), the array of guilds 
present in the world’s oceans remained stable although 
there was considerable taxonomic turnover within guilds. 
Hertell analyzed feeding diversity among sympatric carrion 
feeding birds (i.e. vultures) in extant and extinct avifaunas. 
In his study, he compared body size and beak shape diversity 
among modern Old World and New World guilds of vultures 
as well as an extinct assemblage from the late Pleistocene 
Ranch0 La Brea deposits of California, USA. Despite inde- 
pendent phylogenetic histories, Old World and New World 
vultures display a similar division into three feeding types: 
rippers, gulpers and scrappers (Fig. 2), and the same was 
true of the Pleistocene avifauna. As is the case for the mam- 
malian predators, there are probably a limited number 
of ways to partition the shared resource, carrion, and its 
properties are similar in all environments. Interestingly, the 
distribution of body sizes (as represented by skull length) 
within guilds is very similar in the four guilds; species are 
arranged in three non-overlapping size classes, with one 
to four species in each size class (Fig. 3), suggesting that 
species converge on the three different sizes for reasons 
that are as yet unclear”. 

Community evolution 
All of the above analyses have been of the snapshot vari- 

ety; that is, they examined a temporal series of guilds sepa- 
rated by significant time gaps. The fact that they share a 

73 

comunidade de carnívoros em 
Yellowstone, EUA

Carnívoros na América do 
Norte no Plioceno (~ 5 a 2 Ma)

Carnívoros na América 
do Norte meio do 

Oligoceno (~ 28 Ma)

onivoria“quebrador

de ossos”

especialista 

em carne

amostra de 47 espécies 
de carnívoros vivos



Nicho Vago e convergência ecológicaREVIEWS 

~50% meat 

specialist 

Ftg. 1. Distribution of predators within a dental morphospace (based 
on data in Refs 14,27) for a sample of 47 extant carnivores (a), the 
predator guild of the Recent Yellowstone ecosystem (b), and two extinct 
North American paleoguilds from the Pliocene (c) and Oligocene (d). 
The axes represent measurements of the teeth that reflect diet, such 
as relative premolar size as an indicator of bone-cracking abilities 
(bone-cracking ++ meat-specialist axis), and carnassial blade length 
relative to grinding molar area as an estimate of the importance of 
meat as opposed to plant foods in the diet (meat specialist t3 omnivory 
axis). The ellipses encompass all species within each of the four dietary 
types within each sample. Simplified from rigure in Ref. 14. 

evidence of convergence on an ideal distance between taxa 
in the dental/dietary morphospace. By contrast, using only 
single estimates of canine tooth size, Dayan and colleagues28 
reported a regular pattern of size differences within more 
narrowly defined guilds of mustelids and felids, respectively, 
but this has yet to be explored in fossil predator guilds. The 
paleoguild analyses suggest that guilds of large, terrestrial, 
mammalian predators appear to be fairly predictable in gen- 
eral construction no matter where or when they exist; each 
contains a few cat-like ecomorphs and fox-like generalists, 
but only some contain hyaena-like and bear-like taxa. The 
evolution of specialized bone-cracking species is probably 
favored in drier, more open environments where the proba- 
bility of carcass discovery is enhancedId. The central plains 
of Pliocene North America appear to have been a savanna- 
woodland29 and its paleofaunas usually include one or more 
bone-cracking canid species. Although large bear-like eco- 
morphs appear to have been absent in the Oligocene paleo- 
guild, it is possible that this role was filled by a group of 
extinct large pig-like mammals known as entelodonts. 

The predator paleoguild analysis revealed that the basic 
pattern of dental divergence among sympatric species was 
established at least 34 million years ago and has changed 
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little since. This is not surprising, given that the food being 
consumed consists of materials (muscle, skin, bone), that are 
unlikely to have been significantly altered over the Cenozoic. 
The same cannot be said of herbivores that have had to 
strengthen their teeth over the past 25 million years in re- 
sponse to the worldwide expansion of open grasslandsso. 
Additional analyses of predator paleoguilds in both North 
and South America confirm the pattern of iterative evol- 
ution of the basic predator ecomorphs. In particular, the cat- 
like morphology with its associated specialization on meat, 
appears to have evolved repeatedly in response to the 
extinction of previous occupants of this nichels131. After the 
cat-like nimravids and creodonts disappeared from North 
America approximately 23 million years ago, there was a gap 
of some eight million years before a true felid appeared. In 
the interim, several species of canids, mustelids and amphi- 
cyonids (extinct family of bear-dogs) with relatively cat-like, 
shorter faces and blade-like teeth seem to have occupied 
the niche now held by felids. A similar trend can be seen 
among canids that crossed the Panamanian isthmus into 
South America some two million years ago. They entered a 
continent with a depauperate predator fauna and rapidly 
radiated to dominate both the meat-specialist and general- 
ist role.+. However, in both of these examples, the non-felid 
cat-like taxa decline ultimately and felids take over the meat- 
specialist corner of the predator guild. This repeated tend- 
ency, over the course of millions of years, to evolve in the 
direction of hypercarnivory (meat specialization) when cats 
are absent suggests that increased bite strength and meat- 
slicing capabilities are features that are often favored among 
large predators, perhaps as a result of intraspecific compe- 
tition for food. 

Reptiles and birds 
Other examples of iterative evolution of similar eco- 

morphs have been documented in paleoguilds of Mesozoic 
marine reptiles and Quaternaryvultures. Using tooth shape 
and wear characteristics, Massare’ defined seven feeding 
preference guilds of marine reptiles, such as mollusk eaters, 
soft-food eaters and large-vertebrate eaters. Over the course 
of the Jurassic (208-144 million years ago), the array of guilds 
present in the world’s oceans remained stable although 
there was considerable taxonomic turnover within guilds. 
Hertell analyzed feeding diversity among sympatric carrion 
feeding birds (i.e. vultures) in extant and extinct avifaunas. 
In his study, he compared body size and beak shape diversity 
among modern Old World and New World guilds of vultures 
as well as an extinct assemblage from the late Pleistocene 
Ranch0 La Brea deposits of California, USA. Despite inde- 
pendent phylogenetic histories, Old World and New World 
vultures display a similar division into three feeding types: 
rippers, gulpers and scrappers (Fig. 2), and the same was 
true of the Pleistocene avifauna. As is the case for the mam- 
malian predators, there are probably a limited number 
of ways to partition the shared resource, carrion, and its 
properties are similar in all environments. Interestingly, the 
distribution of body sizes (as represented by skull length) 
within guilds is very similar in the four guilds; species are 
arranged in three non-overlapping size classes, with one 
to four species in each size class (Fig. 3), suggesting that 
species converge on the three different sizes for reasons 
that are as yet unclear”. 

Community evolution 
All of the above analyses have been of the snapshot vari- 

ety; that is, they examined a temporal series of guilds sepa- 
rated by significant time gaps. The fact that they share a 
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Ftg. 1. Distribution of predators within a dental morphospace (based 
on data in Refs 14,27) for a sample of 47 extant carnivores (a), the 
predator guild of the Recent Yellowstone ecosystem (b), and two extinct 
North American paleoguilds from the Pliocene (c) and Oligocene (d). 
The axes represent measurements of the teeth that reflect diet, such 
as relative premolar size as an indicator of bone-cracking abilities 
(bone-cracking ++ meat-specialist axis), and carnassial blade length 
relative to grinding molar area as an estimate of the importance of 
meat as opposed to plant foods in the diet (meat specialist t3 omnivory 
axis). The ellipses encompass all species within each of the four dietary 
types within each sample. Simplified from rigure in Ref. 14. 

evidence of convergence on an ideal distance between taxa 
in the dental/dietary morphospace. By contrast, using only 
single estimates of canine tooth size, Dayan and colleagues28 
reported a regular pattern of size differences within more 
narrowly defined guilds of mustelids and felids, respectively, 
but this has yet to be explored in fossil predator guilds. The 
paleoguild analyses suggest that guilds of large, terrestrial, 
mammalian predators appear to be fairly predictable in gen- 
eral construction no matter where or when they exist; each 
contains a few cat-like ecomorphs and fox-like generalists, 
but only some contain hyaena-like and bear-like taxa. The 
evolution of specialized bone-cracking species is probably 
favored in drier, more open environments where the proba- 
bility of carcass discovery is enhancedId. The central plains 
of Pliocene North America appear to have been a savanna- 
woodland29 and its paleofaunas usually include one or more 
bone-cracking canid species. Although large bear-like eco- 
morphs appear to have been absent in the Oligocene paleo- 
guild, it is possible that this role was filled by a group of 
extinct large pig-like mammals known as entelodonts. 

The predator paleoguild analysis revealed that the basic 
pattern of dental divergence among sympatric species was 
established at least 34 million years ago and has changed 
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little since. This is not surprising, given that the food being 
consumed consists of materials (muscle, skin, bone), that are 
unlikely to have been significantly altered over the Cenozoic. 
The same cannot be said of herbivores that have had to 
strengthen their teeth over the past 25 million years in re- 
sponse to the worldwide expansion of open grasslandsso. 
Additional analyses of predator paleoguilds in both North 
and South America confirm the pattern of iterative evol- 
ution of the basic predator ecomorphs. In particular, the cat- 
like morphology with its associated specialization on meat, 
appears to have evolved repeatedly in response to the 
extinction of previous occupants of this nichels131. After the 
cat-like nimravids and creodonts disappeared from North 
America approximately 23 million years ago, there was a gap 
of some eight million years before a true felid appeared. In 
the interim, several species of canids, mustelids and amphi- 
cyonids (extinct family of bear-dogs) with relatively cat-like, 
shorter faces and blade-like teeth seem to have occupied 
the niche now held by felids. A similar trend can be seen 
among canids that crossed the Panamanian isthmus into 
South America some two million years ago. They entered a 
continent with a depauperate predator fauna and rapidly 
radiated to dominate both the meat-specialist and general- 
ist role.+. However, in both of these examples, the non-felid 
cat-like taxa decline ultimately and felids take over the meat- 
specialist corner of the predator guild. This repeated tend- 
ency, over the course of millions of years, to evolve in the 
direction of hypercarnivory (meat specialization) when cats 
are absent suggests that increased bite strength and meat- 
slicing capabilities are features that are often favored among 
large predators, perhaps as a result of intraspecific compe- 
tition for food. 

Reptiles and birds 
Other examples of iterative evolution of similar eco- 

morphs have been documented in paleoguilds of Mesozoic 
marine reptiles and Quaternaryvultures. Using tooth shape 
and wear characteristics, Massare’ defined seven feeding 
preference guilds of marine reptiles, such as mollusk eaters, 
soft-food eaters and large-vertebrate eaters. Over the course 
of the Jurassic (208-144 million years ago), the array of guilds 
present in the world’s oceans remained stable although 
there was considerable taxonomic turnover within guilds. 
Hertell analyzed feeding diversity among sympatric carrion 
feeding birds (i.e. vultures) in extant and extinct avifaunas. 
In his study, he compared body size and beak shape diversity 
among modern Old World and New World guilds of vultures 
as well as an extinct assemblage from the late Pleistocene 
Ranch0 La Brea deposits of California, USA. Despite inde- 
pendent phylogenetic histories, Old World and New World 
vultures display a similar division into three feeding types: 
rippers, gulpers and scrappers (Fig. 2), and the same was 
true of the Pleistocene avifauna. As is the case for the mam- 
malian predators, there are probably a limited number 
of ways to partition the shared resource, carrion, and its 
properties are similar in all environments. Interestingly, the 
distribution of body sizes (as represented by skull length) 
within guilds is very similar in the four guilds; species are 
arranged in three non-overlapping size classes, with one 
to four species in each size class (Fig. 3), suggesting that 
species converge on the three different sizes for reasons 
that are as yet unclear”. 

Community evolution 
All of the above analyses have been of the snapshot vari- 

ety; that is, they examined a temporal series of guilds sepa- 
rated by significant time gaps. The fact that they share a 
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Deslocamento competitivo

“Competitive Displacement”

Definição: quando um clado causa a extinção de outro clado mais 
antigo por meio de competição inter-específica.



Deslocamento competitivo

“Competitive Displacement”

1- Que as espécies de ambos clados 
habitem o mesmo lugar.


2- Que as espécies de ambos clados 
utilizem o mesmo recurso (competição).


3- Que as espécies do clado mais antigo 
não tenham sido dizimadas por uma 
extinção em massa.


4- Que a diversidade e abundância do 
segundo clado aumente de acordo com a 
diminuição do primeiro.

Condições:
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Deslocamento competitivo

“Competitive Displacement”

competição por espaço

Briozoa

Resultados não provam que competição determinou a história dos 
Briozoa, mas é consistente com essa interpretação.

M
odelo
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“Incumbent Replacement”

Definição: processo no qual a extinção de um clado mais antigo (o 
clado “incumbente”) permite que o segundo clado se diversifique. A 
extinção “desocupa” parte do “nicho” (exemplo: utilização de 
recursos) posteriormente “ocupados” pelo clado mais jovem.



Substituição do Incumbente

“Incumbent Replacement”

Definição: processo no qual a extinção de um clado mais antigo (o 
clado “incumbente”) permite que o segundo clado se diversifique. A 
extinção “desocupa” parte do “nicho” (exemplo: utilização de 
recursos) posteriormente “ocupados” pelo clado mais jovem.



Substituição do Incumbente

“Incumbent Replacement”

Subordem extinta Amphichelydia: incapaz de retrair o pescoço e a cabeça para 
dentro da carapaça.

Subordens Cryptodira e Pleurodira: capazes de retrair o pescoço e a cabeça para 
dentro da carapaça.



Substituição do Incumbente

“Incumbent Replacement”

Cryptodira e Pleurodira substituíram a subordem extinta 
Amphichelydia em diferentes partes do planeta pelo menos de 4 
vezes após a extinção do Cretáceo.



Mais comum!! 
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Exclusão  
Competitiva

Deslocamento 
de caracteresTempo


Ecológico

Mudança no Nicho 
de uma espécie

Pode ocorrer muito 
rapidamente

Também em caracteres não relacionados com 
competição por recursos alimentares

“Relaxamento” 
Ecológico

Indivíduo ou 
população

Resumo Competição
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