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Effect of dispersal abilities and climatic niche breadth on avian diversification rates  

Elkin Tenorio Moreno 

Abstract 

Understanding the factors that promote biotic diversification and determining how such 

factors vary geographically in relation to the environment are issues of interest for 

ecologists and evolutionary biologists. Dispersal abilities have been shown to partially 

explain variation among organisms in diversification rates, but how this relationship may 

change under different geographical and environmental contexts remains unknown. Here 

we use morphological, climatic and phylogenetic data sets to evaluate the hypothesis that 

speciation rates are jointly influenced by dispersal abilities and by thermal tolerances of 

species, and that the relative importance of these variables depends on the geographic and 

environmental contexts. Specifically, we predicted that in clades diversifying in tropical 

highlands, where there is a strong influence of physical and climatic barriers on population 

differentiation, diversification rates should be related to both dispersal ability and thermal 

niche breadth. In tropical lowlands, where we assumed a strong effect of physical barriers 

(e.g. Amazonian rivers) and a minor influence of thermal barriers due to relative thermal 

uniformity across space, we predicted diversification rates to be related to dispersal 

abilities, but not to thermal niche breadth. To test this hypothesis, we studied four avian 

clades endemic to the New World showing contrasting distribution patterns (highlands or 

lowlands). Our results showed that regardless of the geographic area, dispersal abilities 

were related to speciation rates and such relationship was modal (i.e. the highest speciation 

rates occurred at intermediate levels of dispersal ability). Also, in agreement with our 



hypothesis, thermal niche breadth was significantly related, in modal fashion, to speciation 

rates in highland clades. However, contrary to our prediction, thermal niche breadth also 

related significantly to speciation rates in clades diversifying in the lowlands. Our results 

support that regardless of the relative influence of temperature in different geographical 

regions, both dispersal abilities and thermal niche breadth have an influence on 

diversification rates. Our results potentially link microevolutionary processes (i.e. gene 

flow) mediated by organismal traits related to dispersal with macroevolutionary 

mechanisms underlying spatial patterns of biodiversity. 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Spatial patterns in species richness can be partly explained by differences in diversification 

rates across geographic regions (Fischer 1960, Mittelbach et al. 2007). Diversification rate 

is the balance between speciation and extinction (Ricklefs 2007), which together with 

immigration are the three main processes shaping patterns of diversity (Wiens & Donoghue 

2004, Jablonski et al. 2006). These processes are influenced by characteristics of the 

organisms themselves and of the environment (e.g. climate), which may limit dispersal 

(Wiens et al. 2006) or promote speciation or extinction (Wiens 2004, Wiens 2011). 

Although there is some evidence supporting the link between organismal traits, 

environment, and spatial patterns in species diversity (Mittelbach et al. 2007, Ricklefs 

2006, Weir & Schluter 2007), our understanding of how the interaction between organismal 

traits and climate affects speciation, extinction and immigration remains limited. Thus, 

understanding the factors that promote diversification and determining how such factors 

vary geographically in relation to environmental factors is an issue of central interest to 

ecologists and evolutionary biologists. 

One of several organismal traits that may have strong effects on patterns of diversification 

is dispersal ability (Belliure et al. 2000, Claramunt et al. 2012). High dispersal ability has 

been proposed to decrease the probability of speciation because geographic barriers are 

more permeable for highly dispersive taxa and higher levels of gene flow reduce the 

opportunity of genetic differentiation of populations (Kisel & Barraclough 2010, Ikeda et 

al. 2012). A recent analysis supported this hypothesis, finding that clades of ovenbirds 

(Aves, Furnariidae) with higher dispersal abilities have relatively low rates of speciation 

(Claramunt et al. 2012). However, this study also found reduced rates of speciation in 



groups with the lowest dispersal abilities, presumably because populations of organisms 

with restricted dispersal abilities are constrained to limited geographic areas, and the 

probability that those individuals might get to other geographic areas thus becoming 

exposed to different environmental and biotic conditions that may promote differentiation 

is low. Therefore, Claramunt et al. (2012) proposed an “intermediate dispersal model” in 

which the probability of cladogenesis is maximal in groups with intermediate dispersal 

abilities sufficient to overcome certain geographic barriers and thus to gain access to novel 

or isolated environments, but reduced enough such that populations are susceptible to 

divide and diverge in isolation. 

In addition to being influenced by characteristics inherent to the organisms, the ability to 

disperse is likely influenced by conditions of the environment (i.e., climate). According to 

Janzen's (1967) hypothesis, species exposed to temporal stability in climate (e.g., in the 

tropics) often tend to specialize on narrow ranges of temperature. On the contrary, species 

living in zones with high seasonal fluctuations in temperature (e.g., temperate zones) 

typically have broader climatic tolerances. This relationship between climatic stability and 

the climatic tolerances of species may influence their dispersal abilities: species with high 

thermal specialization are expected to be less prone to disperse because they are more 

limited by climatic barriers relative to species with broader climatic tolerances (Ghalambor 

et al. 2006). Cadena et al. (2012) provided empirical evidence for greater conservatism in 

the thermal niches of tropical montane taxa relative to their temperate-zone counterparts, 

suggesting that climatic stability has selected for evolutionary conservatism of species' 

niches and that high rates of speciation in tropical latitudes may result mostly from 

allopatric differentiation within ecologically similar zones owing to reduced dispersal (but 



see Kozak & Wiens 2007, Hua & Wiens 2010). More generally, the interaction between 

physiological tolerances and dispersal abilities may influence the opportunity for allopatric 

speciation (Ghalambor et al. 2006, Kozak & Wiens 2007, Wiens 2004). That is, when a 

geographic barrier arises within the range of species with narrow climatic tolerances, 

individuals are unlikely to cross such barrier if this implies moving out of the climatic zone 

to which they are specialized. Accordingly, geographic barriers are likely more effective 

limiting gene flow and thus promoting diversification in species with narrow tolerances 

than in species with wider tolerances allowing them to more easily cross barriers. This, in 

turn, is expected to result in differential rates of population differentiation and allopatric 

speciation across the same barriers in species differing in dispersal abilities (e.g., Burney & 

Brumfield 2009). 

Based on the above, one can imagine species with high inherent dispersal abilities related to 

their morphology (e.g., wings with high aspect ratio in birds) that may allow them to 

overcome geographic barriers, but with narrow climatic tolerances limiting dispersal 

despite their morphology. Thus, the validity of the hypothesis that diversification rates 

depend on dispersal abilities (Claramunt et al. 2012) is likely contingent on the interaction 

between traits influencing dispersal ability per se and species’ climatic tolerances. This 

raises the question of how do dispersal and climatic tolerances act together to influence 

rates of diversification. 

Here we use morphological, environmental and phylogenetic data sets for four Neotropical 

avian clades to evaluate the hypothesis that speciation rates are jointly influenced by 

dispersal abilities and by climatic tolerances of species, and that the relative importance of 

these variables depends on the geographic and environmental context. For example, in 



Amazonian lowlands where temperature is relatively uniform in space (Buermann et al. 

2008), barriers to gene flow are expected to be largely physical (e.g. major rivers; Ribas et 

al. 2012) and not climatic, so speciation rates may vary depending primarily on dispersal 

abilities (Claramunt et al. 2012). In contrast, in montane areas of the Andes, where both 

geographical barriers (e.g., low-lying or dry valleys, high-elevation passes, which are also 

considered ecological barriers related to topography) and climatic barriers are strong owing 

to elevational stratification of climate and topographic complexity (Janzen 1967, Graham et 

al. 2010), speciation rates may be affected both by inherent dispersal abilities and by 

climatic tolerances. The above leads to alternative predictions for the relationship of 

diversification rates with dispersal abilities and climatic (i.e., thermal) tolerances. Where 

climatic barriers to dispersal are weak to non-existent (e.g., Amazonia), we predict 

that speciation rates will be higher in groups with intermediate dispersal abilities 

(Claramunt et al. 2012), and to be relatively unaffected by thermal niche breadth. In areas 

with marked climatic barriers to dispersal (e.g. the Andes), we predict that speciation rates 

will be greatest at intermediate levels of both dispersal ability and thermal tolerance. We 

expect relatively low speciation rates in tropical montane groups with either the lowest or 

the highest niche breadth because, as with dispersal ability, species with narrow thermal 

niche breadths will likely be more limited to move along thermal gradients existing on 

mountains and become exposed to previously unoccupied areas, whereas wide thermal 

niche breadths would allow for greater dispersal across environments thus preventing 

differentiation. 

 

 



Materials and methods 

Our analyses focused on four avian clades endemic to the New World showing contrasting 

distribution patterns: the Thamnophilidae (typical antbirds) and Dendrocolaptinae 

(woodcreepers, a subfamily in the Furnariidae) centered in the lowlands, and the Thraupini 

(core tanagers, in Thraupidae) and Scytalopus and allies (Scytalopus and closely related 

species in the genera Merulaxis, Eleoscytalopus, Eugralla, and Myornis; the 

Scytalopodinae of Ohlson et al. 2013, in Rhinocryptidae) centered in the highlands of the 

Neotropics. The Thamnophilidae (antbirds) is one of the most species-rich families of 

South America with approximately 224 species distributed mainly in Amazonian tropical 

humid forests and Andean foothills (Zimmer & Isler 2003), with a few species inhabiting 

mountain ranges. The Dendrocolaptinae are distributed mostly in Neotropical lowland 

areas, mainly in the Amazonian region, with a few species occurring in Central America. 

The Thraupini is a clade comprising ca. 100 species distributed mainly in the Andes, 

although many species (ca. 25) occur in lowland habitats. Scytalopus and allies included ca. 

60 species, all with distribution restricted to mountain systems (Andes and Eastern Brazil). 

 

Quantifying dispersal abilities 

Because measuring dispersal ability directly for the large number of species we analyzed 

was impractical, we followed Claramunt et al. (2012) by using a hand-wing index as a 

proxy; this index is strongly correlated with the wing aspect ratio, a key determinant of the 

efficiency of avian flight (Claramunt et al. 2012). We were unable to measure aspect ratio 



directly because most specimens are preserved with the wings closed. The hand-wing index 

is calculated as: 

𝐻𝑎𝑛𝑑 − 𝑤𝑖𝑛𝑔  𝑖𝑛𝑑𝑒𝑥 = 100 ∗
𝑊𝐿 − 𝑆𝐿
𝑊𝐿  

where WL is measured from the wrist to the tip of the first primary feather and SL from the 

wrist to the tip of the first secondary feather. Larger values of hand-wind index thus 

indicate long and slim wings, and are hereafter assumed to indicate greater dispersal 

abilities (Claramunt et al. 2012). 

Only species included in the published phylogenies of Thamnophilidae, Thraupini and 

Dendrocolaptinae were considered in morphological analyses (218, 89, and 33, 

respectively). Measurements of Scytalopus and allies were not taken owing to time 

constraints, so this clade was not included in analyses involving dispersal abilities, which 

are rather limited in the group as a whole (Krabbe & Schulenberg 2003; see discussion). 

One of us (E.A.T) measured a total of 1888 museum specimens for this study (1046 

Thamnophilidae and 842 Thraupini). The number of individuals per species varied between 

1 and 20 (mean 4.5 in Thamnophilidae and 9.5 in Thraupini). Whenever possible, we 

sought to measure both adult males and females covering different parts of the 

distributional range and different subspecies per species. Several bird collections in 

Colombia and the USA were visited, including the Instituto de Ciencias Naturales at 

Universidad Nacional de Colombia, the Colección Ornitológica at Universidad del Valle, 

the Museo de Historia Natural at Universidad de los Andes, and the American Museum of 

Natural History. In the case of the woodcreepers, we used published morphological data 



from Claramunt et al. (2012) for 33 species, consisting of a total of 278 individuals with a 

mean of five individuals per species.  

 

Quantifying thermal niche breadth 

We quantified the thermal niche breadth of species using ecological niche models based on 

climatic data. We focused on temperature-related variables owing to the hypothesized 

effect of thermal stratification on mountains on the thermal tolerances of species (Janzen 

1967) and its likely influence on rates of speciation (Ghalambor et al. 2006, Kozak & 

Wiens 2007, Cadena et al. 2012).  

As a first step to build the models, we obtained georeferenced localities of each species 

available in the GBIF biodiversity data portal (http://www.gbif.org/) and Xeno-canto 

(http://www.xeno-canto.org/). Additional data from the Macaulay Library 

(http://macaulaylibrary.org/) were used for Scytalopus and allies. For Thamnophilidae, we 

used records from museum specimens and literature contained in an updated distributional 

database (Isler 1997). Each georreference was corroborated using distribution maps 

available from NatureServe  (http://www.natureserve.org/). In total, we obtained more than 

80,000 locality records; following corroboration, 32,855 geographical localities were left 

available, with a mean of 92 records per species (range 5 - 556 records per species). 

Although some species had as few as five records, they are all species with very narrow 

geographic ranges in which few records may closely reflect the complete set of climatic 

conditions where they live (e.g. some tanagers in the genus Bangsia, some Scytalopus 



tapaculos). When we believed few records represented lack of information and not true 

rarity, species with less than five records were excluded.  

We built species distribution models using the maximum entropy algorithm of Maxent 

(Phillips et al. 2004). To build the models, we chose the following six bioclimatic variables 

from the WorldClim database with 1 km2-resolution rasters (Hijmans et al. 2005): annual 

mean temperature, temperature seasonality, maximum temperature of the warmest month, 

minimum temperature of the coldest month, mean diurnal range, and isothermality. 

Because different variables indicating temperature may influence species distributions, we 

chose variables describing the thermal niche, but avoided redundancy between them (e.g., 

mean annual temperature is likely uncorrelated to temperature seasonality, but  the 

maximum temperature of the warmest month is likely quite similar to the mean temperature 

of the wettest quarter). In total, we built distribution models for 357 species (216 

Thamnophilidae, 83 Thraupidae, 34 Dendrocolaptinae, and 31 Scytalopus and allies). These 

models were built using the default parameters in Maxent and a logistic output. All 

resulting models were evaluated using the estimation of area under the curve (AUC) in 

ROC plots; when models had AUC scores lower than 0.75, the species was excluded from 

analyses (only three species of tanagers had to be excluded). We did not use a threshold 

based on probability of presence for the model because coverages depicting the continuum 

of raw probabilities are necessary for the niche breadth estimation (see below). 

Based on distribution models, we measured the thermal niche breadth of each species using 

the inverse concentration measurement (Bi) implemented in the software ENMTools v1.0 

(Warren et al. 2008). In this approach, species' niche breadth is estimated as a measure of 

the equitability across grid cells of suitability scores determined by the ecological niche 



model built in Maxent, with a spatial extent corresponding to the complete set of grid cells 

where the species is inferred to occur. Although niche models can predict the presence of a 

species in areas where it does not occur, all grid cells were used because they may have key 

information for the estimation of Bi (i.e. low raw suitability scores for a species). The Bi 

measurement ranges from zero for extremely specialized species (meaning that the 

maximum suitability score exists in only one grid cell) to one for a generalist species 

(meaning that suitability scores are the same in all grid cells). To estimate this value, 

ENMTools uses the raw probabilities of environmental suitability output produced by 

Maxent, following the equation given by Levins (1967; see Colwell & Futuyma 1971 for 

details): 

𝐵! =   
1
  𝑝  !"!!!

	  

	  

where Pij is the raw probability (suitability score) given by Maxent for species i in one grid 

cell j. Thus, if raw probability values are similar across all grid cells occupied by a species 

(raw probability >0), then Bi values will tend to one; Bi values will tend to zero when high 

raw probabilities are restricted only to a few grid cells.  

We used the method using niche models described above to estimate niche breadth because, 

unlike estimations based on the variance or the range of climatic variables occupied by a 

species calculated using values extracted directly from georreferences, the inverse 

concentration approach takes into account the probability of presence of a species in 

relation to different combinations of the variables considered important for the potential 

species distribution. Although thermal niche breadth should ideally be calculated using 



experimental approches to clarify the climatic limits within which species perform 

adequately (Bernardo et al. 2007, Chown & Gaston 2008), this was clearly beyond the 

scope of our analyses involving such a large number of species. We are aware that 

macroclimatic data may not always accurately represent niche dimensions, but they have 

been argued to be an appropriate proxy for the climatic tolerances of species (Cadena et al. 

2012). 

 

Measurement of diversification rates 

We used the quantitative state speciation and extinction method of multiple characters 

(QuaSEE, Fitzjohn 2010) to calculate the relationship between diversification rates and the 

two continuous species’ traits in which we focused: dispersal ability and thermal niche 

breadth. This analysis was performed in the Diversitree package (Fitzjohn 2010) for R (R 

Development Core Team 2009). This maximum-likelihood analysis assumes a diffusion 

process of trait evolution along the phylogeny, and evaluates the fit of different models 

describing the shape of the relationship between continuous traits and diversification rates. 

We considered 12 different models to examine the relationship between diversification rate 

and dispersal ability and thermal niche breadth: constant (i.e., no-relationship), linear, 

sigmoid, and unimodal (Gaussian functions), with different combinations of extinction 

parameters (no-extinction, and constant, and linear extinction; see Claramunt et al. 2012, 

Fitzjohn 2010). We chose the best-fit models for each data set based on the Akaike 

Information Criterion (AIC). 



If our hypothesis is correct, then we expect the relationship between diversification rates 

and dispersal abilities in lowland groups (Thamnophilidae and Dendrocolaptinae) to fit the 

unimodal speciation model, and the relationship between diversification rates and niche 

breadth in these clades to fit the constant model. This would indicate a strong effect of 

dispersal abilities and no effect of thermal niche breadth on diversification rates in groups 

occupying a region where barriers are largely physical and not climatic. In turn, for the 

mostly highland groups (Thraupini and Scytalopus and allies), our hypothesis predicts both 

the relationship between dispersal abilities and diversification rates, and between niche 

breadth and diversification rates to fit the unimodal models. This would suggest strong 

effects of both dispersal and thermal niche breadth influencing diversification rates in 

groups occupying a region with both physical and climatic barriers.  

To further explore the relationship between niche breadth and speciation rates, we carried 

out an aditional QuaSSE analysis using a subgroup of Thamnophilidae species consisting 

only of those with strictly Amazonian distributions (97 species). We did this analysis 

because some species in this family extend into montane areas and others occur in 

heterogeneous lowland environments west of the Andes where the history of diversification 

likely differed from that of Amazonia; excluding all montane species and focusing on the 

Amazon Basin allowed us to examine the sensitivity of our results to the selection of taxa 

and to test our hypothesis regarding the relationship between thermal niche breadth and 

speciation rates in a geographic context where we believe physical barriers to be dominant 

over thermal barriers.  

Because we evaluated the relationship between speciation rates and two predictor variables 

(thermal niche breadth and dispersal abilities), we tested for colinearity between predictor 



variables using Spearman rank correlations using the raw data. We also tested for 

collinearity while controlling for possible phylogenetic effects using independent contrasts 

(Felsenstein 1985) calculated in in the ape package version 3.0-6 (Paradis et al. 2004) for 

R. 

As a basis for all the analyses described above we used the most complete phylogenies 

available for each our study clades, which were all reconstructed via Bayesian analysis of 

DNA sequence data using the BEAST software v1.7.4 (Drummond & Rambaut 2007). For 

our analyses of the Dendrocolaptinae, we used the phylogeny of Derryberry et al. (2011), 

inferred using three mtDNA (ND2, ND3 and CO2) and two nuclear genes (RAG-1 and 

RAG-2), and time-calibrated using biogeographic events. Our analyses of the 

Thamnophilidae were based on a phylogeny inferred from sequences of three mtDNA 

genes (ND2, ND3 and Cytb) and one nuclear intron (β-Fibrinogen Intron 5; Bravo 2012). 

For the Thraupini, we used a tree inferred from sequences of two mtDNA genes (ND2 and 

Cytb) for 93 species (Sedano & Burns 2010); these authors estimated a phylogeny using 

five-gene partitions, but because their tree was not available and we found better support 

for a six-partition model using the PartitionFinder software (Lanfear et al. 2012), we 

conducted a new phylogenetic analysis. Our estimated  phylogeny was identical in topology 

to that of Sedano & Burns (2010), but generally had higher branch support. For both 

Thamnophilidae and Thraupini, the phylogenies were converted to ultrametric trees 

assuming a relaxed molecular clock and a rate of  2.1% sequence divergence per million 

years in mtDNA (Weir & Schluter 2007). Finally, we used an unpublished phylogenetic 

tree of Scytalopus and allies inferred using sequences of ND2 mitochondrial gene, and 



calibrated assuming a 2.5% sequence divergence per million years (C.D. Cadena et al., in 

preparation). 

Results 

In analysis evaluating the relationship between the hand-wing index and the speciation 

rates, the QuaSSE approach supported the unimodal model without extinction (Table 1). 

However, although in Thamnophilidae and Thraupini there was a higher support for the 

unimodal model (Akaike weights greater that 0.66), the data do not clearly support a 

particular model in the Dendrocolaptidae. In this group, the difference in AIC value 

between the constant and unimodal models was only 1.3 and their Akaike weights were 0.4 

and 0.2, respectively. 

When we evaluated the relationship between niche breadth and speciation rates, the 

QuaSSE approach supported the unimodal model without extinction in all groups 

irrespective of whether they are concentrated in lowlands or highlands, with Akaike weight 

values greater than 0.66 (Table 1). For the four clades, the second best model was the 

unimodal with constant extinction, with ΔAIC values ≤ 3.1. Taken together, these results 

support a pattern of unimodal relationship between speciation rates and niche breadth 

independently of the geographic (hence climatic) context (Table 1). In all cases (except in 

Dendrocolaptinae) the modal curves describing the relationship between niche breadth and 

speciation rates were skewed to the left, suggesting that intermediate values can actually 

decrease the probability of speciation in the clades (Figure 1 a and c). In the additional 

analysis in which we used species of Thamnophilidae with strictly Amazonian 

distributions, the best model was consistently unimodal without extinction, with an Akaike 



weight value higher than 0.7 (and a second best model was the unimodal with constant 

extinction, ΔAIC values ≤ 3; see Table 2). 

Although we recognize that the Akaike weights for the best models are not very high, and 

that the difference between AIC values for the best models is low for both relationships 

(speciation rates vs. dispersal abilities and niche breadth), in most of the groups the first 

three of the twelve models examined support a unimodal speciation pattern, with 

differences between them being in the inclusion of extinction parameters. Because all of 

these high-ranking models support a unimodal relationship between speciation rates and 

dispersal abilities and niche breadth, we are confident about the shape of this relationship. 

However, we cannot be certain about parameters related to extinction because in all cases 

the first model supported no extinction and the second model supported constant extinction, 

and differences in AIC scores between such models were minor. 

We did not find a significant relationship between hand-wing index and thermal niche 

breadth  in any of the three clades (Dendrocolaptinae, Spearman`s r = -0.076, p = 0.68; 

Independent contrast (IC), r = -0.23, p = 0.21. Thraupini, Spearman`s r = 0.18, p = 0.14; 

IC, r = 0.11, p = 0.35. Thamnophilidae, Spearman`s r = 0.14, p = 0.27; IC, r = 0.08, p = 

0.22. 

 

 

 

 



Discussion 

We evaluated the hypothesis that diversification rates are jointly influenced by 

dispersal abilities and by climatic tolerances (i.e. thermal-niche breadths), and that the 

relative importance of these variables depends on the geographic and environmental 

context. Our hypothesis predicted that in clades diversifying in the Neotropical highlands, 

where we assumed the existence of both physical and climatic barriers, dispersal abilities 

and thermal niche breadth would  have an influence on speciation rates. In the Neotropical 

lowlands, where we assumed climate (i.e., temperature) to be relatively uniform across 

space and thus to have little or no effect driving speciation, we also expected dispersal 

abilites to affect speciation rates, but predicted thermal tolerances to be unrelated to 

speciation rates.  

Consistent with our hypothesis, our results show that regardless of the geographic area 

where three clades representative of the Neotropical avifauna diversified (highlands or 

lowlands), dispersal abilities (inferred based on wing morphology) were related to 

speciation rates. This pattern is also consistent with a family-wide analysis of the 

Furnariidae (Claramunt et al. 2012), a widely distributed family of Neotropical birds. 

Although in the case of woodcreepers support for the unimodal model is not as strong, it is 

still likely. In Scytalopus and allies, we unfortunately did not have access to wing 

measurements, but we expect hardly any relationship between dispersal abilities and 

speciation rate in this clade because across of all this group dispersal abilities are rather 

poor and probably very similar among species because they exhibit very little variation in 

morphology. Also in keeping with our hypothesis, thermal niche breadth was significantly 

related to speciation rates in highland clades (Thraupidae, Rhinocryptidae). However, 



contrary to our prediction, thermal niche breadth also was related significantly to speciation 

rates in clades diversifying in the lowlands (Dendrocolaptinae, Thamnophilidae).  

Our study also evaluated the hypothesis that, should they exist, relationships between 

speciation rates and (1) dispersal abilities and (2) thermal-niche breadth, should be modal 

(i.e. hump-shaped, peaking at intermediate values). The first reason accounting for this 

relationship is that geographic and climatic barriers are more permeable for highly 

dispersive taxa and higher levels of gene flow reduce the opportunity for genetic 

differentiation of populations. Second, groups with the lowest dispersal abilities should 

have reduced rates of speciation. This is expected because populations of organisms with 

restricted dispersal abilities are constrained to limited geographic areas thus becoming 

exposed to different environmental and biotic conditions promoting low differentiation. 

Our results are consistent with this hypothesis, because most of the relationships we found, 

irrespective of the geographic context where clades have diversified, were unimodal. 

Several studies using different approaches and focused on various organisms have 

examined how dispersal ability affects speciation rates or the probability of speciation 

(Bravo 2012, Belliure et al. 2000, Claramunt et al. 2012, Ikeda et al. 2012, Kisel & 

Barraclough 2010). The evidence is consistently strong, indicating that clades or species 

with the highest dispersal abilities are less prone to speciate than their less dispersive 

relatives. However, several of these studies did not detect low speciation rates in species 

with the lowest dispersal abilities. Our results support the hypothesis proposed by 

Claramunt et al. (2012) that the probability of cladogenesis is maximal in groups with 

intermediate dispersal abilities, sufficient to overcome certain geographic barriers but 

reduced enough such that populations are susceptible to divide and diverge in isolation. Our 



results, together with those of Claramunt et al. (2012) reveal a remarkably general pattern 

across five avian clades showing unimodal relationships between dispersal ability and 

speciation rate. It would be of interest to examine whether this relationship is consistent in 

other groups of organisms with contrasting dispersal abilities (e.g., bats and salamanders). 

To our knowledge, no previous studies have explicitly linked quantifications of thermal 

niche breadth to estimates of speciation rates. However, several studies (Cadena et al. 2012, 

Kozak & Wiens 2007, Smith et al. 2012, Ghalambor et al. 2006) have suggested that in 

areas where organisms show more limited thermal tolerances (e.g. tropical mountain 

regions, where there is strong climatic stratification along elevational gradients) speciation 

rates are higher than in areas where organisms have broader thermal niches (e.g. temperate-

zone mountains) owing to greater opportunities for allopatric or parapatric differentiation of 

populations. However, our analyses most strongly supported modal relationships, where 

clades with the narrowest thermal niches also showed low speciation rates. This result 

could reflect a low probability of range fragmentation or high probability of extinction 

(Botts et al. 2013) experienced by species with highly specialized thermal niches. It would 

be of interest to conduct similar studies on temperate clades, where we would expect a 

more limited effect of thermal niche breadth on speciation rate owing to less pronounced 

patterns of thermal stratification (Ghalambor et al. 2006, Cadena et al. 2012).  

We hypothesized that given that temperature does not exhibit much geographic variation in 

the lowlands, thermal barriers are unlikely to be major drivers of population differentiation 

and speciation in lineages diversifying in such environments, and thus that the thermal 

niche breadth of species should not have an important effect on speciation rates. However, 

across all the clades we examined (i.e., in lowlands and highlands) we found a consistently 



unimodal relationship between niche breadth and speciation rates (Figure 1a and c, Table 

1). Why might speciation rates peak in lineages with intermediate thermal-niche breadths in 

both highland and lowland regions? It is possible that our assumption of relative climatic 

uniformity may have been violated because our "lowland" clades actually include species 

with elevation ranges extending into mountain areas (above 1000 m), or because we 

considered species distributed in climatically heterogeneous lowland ecosystems (i.e. 

Amazonian rainforests, savannas, dry/scrub forests in the Caribbean plains). However, we 

believe these possibilities are unlikely because our further analysis of the group with the 

widest geographic distribution (Thamnophilidae) focusing on 97 strictly Amazonian 

species also revealed a unimodal relationship between thermal-niche breadth and speciation 

rates (Table 2).  

Alternatively, a hump-shaped relationship between speciation rates and thermal niche 

breadth in lowland groups may arise if niche breadth is correlated to dispersal ability and it 

is this latter trait, as discussed above, the one influencing speciation. However, in the three 

clades studied, we found no significant relationship between thermal niche breadth and 

dispersal abilities. This result rules out the possibility of collinearity, and indicates that the 

clades maximizing speciation rate at intermediate levels of dispersal abilities are not the 

same as those that maximizing speciation rate at intermediate levels of thermal niche 

breadth. That species with high dispersal abilities are likely exposed to a greater variety of 

environments and therefore can express a wider thermal niche breadth appears largely 

intuitive, so the fact that we did not find this to be the case is indeed paradoxical and 

worthy of additional studies to help clarify this issue. 



Another possible explanation for the unimodal relationship between thermal niche breadth 

and speciation rate observed in clades diversifying at low elevations is that our assumption 

of climatic homogeneity over wide geographic areas in the lowlands was not correct. In 

fact, a recent analysis indicates that species distributions in the Neotropical lowlands are 

likely limited both by physical barriers and by climate, especially when climatic seasonality 

is taken into account (Nakazawa 2013). This suggests that our assumption of climatic 

uniformity in the lowlands (and thus our hypothesized lack of influence of climate as a 

driver of diversification at low elevations) should be examined carefully. 

Finally, historical mechanisms potentially accounting for the unimodal relationship 

between niche breadth and diversification rates in both highland and lowland birds can be 

proposed. For example, a classic hypothesis indicates that climatic oscillations of dry and 

humid periods likely promoted speciation as a result of the splitting of the geographic 

ranges of species in refugia of suitable habitat separated by habitats acting as barriers to 

dispersal (Haffer 1969, Vuilleumier 1969, Pyron & Burbrink 2010, Ramírez-Barahona & 

Eguiarte 2013). The higher speciation rates in species with intermediate climatic niche 

breadth that we observed may thus reflect that such species could have been more prone to 

diversify in association with fluctuations in climatic conditions, with niches sufficiently 

narrow to limit their dispersal and to promote genetic differentiation between populations, 

but wide enough to avoid extinction caused by climatic change (Sandel et al. 2011). 

Although we only considered thermal niche breadth and not the tolerance of species to 

variation in precipitation, changes in vegetation leading to fragmentation of populations in 

association with climatic oscillations likely involved an interaction between precipitation 



and temperature, and a signal of this may have been recovered by our analyses only 

considering temperature. 

The results of this study may have broader implications for issues of interest in ecology and 

evolutionary biology, such as understanding the underlying causes of spatial patterns of 

biodiversity. For example, temperature accounts for a high proportion of spatial variation in 

global species richness (e.g., Fjeldsa & Rahbek 2006, Jetz & Fine 2012), but exactly 

through which process (i.e., speciation, extinction, immigration) does the temperature-

richness relationship arise is an issue that remains poorly understood (Mittelbach et al. 

2007, Wiens 2011, Kozak & Wiens 2012). Our results indicate that species’ climatic 

tolerances and dispersal abilities influence rates of diversification in the tropics. It would be 

of interest to determine to what extent does this occur in organisms occupying other regions 

(e.g., the temperate zone); this may give insights about the role that the interaction between 

organismal traits and environmental variation influences speciation and thus drives spatial 

patterns of diversity (see also Cadena et al. 2012). More generally, our study is an example 

of how microevolutionary processes (e.g., migration) influenced by organismal traits (e.g., 

dispersal ability) may scale up to macroevolutionary mechanisms possibly accounting for 

macroecological patterns of diversity. As similar integrative studies continue to accumulate, 

we expect a better understanding of the links between organismal traits, environment, 

geography, and patterns of diversity to emerge.
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Table 1. Statistical support estimated by the QuaSSE method for the three best-fit models describing the 

relationship between the hand-wing index (a proxy for dispersal abilities), niche breadth and speciation rate in 

the four avian clades we studied. k, total number of parameters in the model. AICc, Corrected Akaike 

information criterion. Δ AICc, difference with the best-model AICc. w, model probability or Akaike weight. 

Pr(x2), the P value of the Likelihood ratio test between the minimal model (fewer parameters) and all others 

models.   

Clade Independent 
variable Speciation Extinction k AICc Δ  AICc w Pr(x2) 

Lowlands 	   	   	   	   	   	   	   	  
Thamnophilidae Hand-wing index Unimodal No-extinction 5 2430.9 0.0 0.68 0.00 

  Unimodal Constant 6 2433.0 2.1 0.24 0.00 

  Unimodal Linear 7 2435.1 4.3 0.08 0.00 

         
 Niche breadth Unimodal No-extinction 5 1327.6 0.0 0. 68 0.00 

  Unimodal Constant 6 1329.7 2.1 0.24 0.00 

  Unimodal Linear 7 1331.9 4.3 0.08 0.00 

         
Dendrocolaptinae Hand-wing index Constant No-extinction 2 384.3 0.0 0.41 NA 

  Unimodal No-extinction 5 385.6 1.3 0.21 0.09 

  linear No-extinction 3 386.7 2.4 0.12 1.00 

         
 Niche breadth Unimodal No-extinction 5 218.9 0.0 0.71 0.00 

  Unimodal Constant 6 221.9 3.0 0.16 0.01 
    Constant No-extinction 2 224.6 5.8 0.04 NA 

Highlands 	   	   	   	   	   	   	   	  
Thraupini Hand-wing index Unimodal No-extinction 5 990.1 0.0 0.57 0.02 

  Unimodal Constant 6 992.4 2.3 0.18 0.03 

  Constant No-extinction 2 993.9 3.8 0.09 NA 

         
 Niche breadth Unimodal No-extinction 5 476.0 0.0 0.66 0.00 

  Unimodal Constant 6 478.4 2.4 0.20 0.00 

  Unimodal Linear 7 480.3 4.3 0.08 0.01 

         
Scytalopus and 

allies Niche breadth Unimodal No-extinction 5 186.2 0.0 0.72 0.00 

  Unimodal Constant 6 189.4 3.1 0.15 0.00 
    Constant No-extinction 2 191.5 5.2 0.05 NA 



Table 2. Statistical support estimated by the QuaSSE method for all models describing the relationship between 

the thermal niche breadth and speciation rate in species of Thamnophilidae with strictly Amazonian 

distributions (97 species). k, total number of parameters in the model. AICc, Corrected Akaike information 

criterion. Δ AICc, difference with the best-model AICc. w, model probability or Akaike weight. Pr(x2), the P 

value of the Likelihood ratio test between the minimal model (fewer parameters) and all others models. 

Speciation Extinction k AICc Δ  AICc w Pr(x2) 

Unimodal No-extinction 5 580.4 0.0 0.7 0.0 
Unimodal Constant 6 582.7 2.3 0.2 0.0 
Unimodal Linear 7 585.4 5.0 0.1 0.0 
Sigmoid No-extinction 5 593.5 13.1 0.0 0.0 
Sigmoid Constant 6 595.9 15.5 0.0 0.0 
Sigmoid Linear 7 598.1 17.7 0.0 0.0 
Constant No-extinction 2 606.8 26.4 0.0 NA 
Constant Constant 3 608.9 28.5 0.0 1.0 
Linear No-extinction 3 608.9 28.5 0.0 1.0 
Linear Constant 4 611.1 30.7 0.0 1.0 

Constant Linear 4 611.1 30.7 0.0 1.0 
Linear Linear 5 613.4 33.0 0.0 1.0 

 

 



Figure 1. Relationship between the speciation rate and: a and c. Thermal niche breadth; b 
and d. Hand-wing index. The lines represent the best-fit models for each clade. 
Thamnophilidae and Dendrocolaptinae are mostly lowland groups and Thraupini and 
Scytalopus mostly highland groups. All plots are in the same scale. In figure 1b, the black 
line represents the average of the two best-fit models. 
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