
500  |   wileyonlinelibrary.com/journal/btp Biotropica. 2019;51:500–508.© 2019 The Association for Tropical Biology and 
Conservation

1  | INTRODUC TION

Explanations for decreases of species richness with elevation often 
invoke different ecological and evolutionary hypotheses related 
to the variation in temperature (Laiolo, Pato & Obeso, 2018) that 
mirror the latitudinal gradient (Graham et al., 2014; Stevens, 1992). 
Among those, the Tropical Niche Conservatism (TNC) hypothesis 

emerges as one of the most common ideas explaining the decline 
in species richness from the tropics toward the poles. According to 
the TNC, tropical species originated in warm conditions (i.e., tropical 
lowlands) and mostly retain their ancestral climatic niches (Kerkhoff, 
Moriarty & Weiser, 2014; Wiens & Donoghue, 2004). As such, the 
TNC implies that the evolution of adaptations for cold tolerance is 
infrequent, which means that only a small number of lineages have 
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Abstract
We test for evidence of the Tropical Niche Conservatism or the Out of The Tropics 
hypotheses in structuring patterns of tree community composition along a 
2000 + meter elevational gradient in the northern tropical Andes. By collecting and 
integrating data on the presence–absence of tree species within plots with phyloge-
netic information, we analyzed the following: (a) patterns of phylogenetic dispersion 
and species diversity along the elevational gradient based on indexes of net related-
ness, nearest taxon relatedness, and species richness (α- diversity); and (b) the re-
placement of lineages along the gradient using the PhyloSorensen metric (β- diversity). 
More specifically, we established 20 0.25- ha permanent tree inventory plots be-
tween 750 and 2,802 m asl where all individuals with diameter at breast height 
(DBH) ≥ 10 cm were measured and identified. We then used a series of linear models 
to test for changes in α and β diversity between plots in relation to elevation. Neither 
the net relatedness index nor the nearest taxon index showed a significant relation-
ship with elevation. However, there was greater phylogenetic overdispersion at inter-
mediate elevations; this likely reflects the mixing of species with contrasting origins 
from tropical and temperate lineages. β- diversity between plots was negatively re-
lated to the corresponding difference in elevation, indicating that closely related line-
ages occupy similar ranges of elevation and temperature. We conclude that the 
immigration of lineages from extra- tropical regions has significant effects in deter-
mining the phylogenetic structure of tree communities in tropical Andean forests.
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developed traits required to inhabit thermal environments other 
than the wet tropical lowlands. This hypothesis can also be applied 
to elevation gradients in mountain ecosystems, such as the tropical 
Andes. In the younger Andean highlands, a lower time for species es-
tablishment may explain the lower richness of lineages as well as the 
increased tendency for closely related species to coexist (Graham, 
Parra, Rahbek & McGuire, 2009). The tendency for closely related 
species to coexist is referred to as phylogenetic clustering (Webb, 
Ackerly, McPeek & Donoghue, 2002), and the increase in clustering 
along elevational gradients is predicted by the TNC.

In contrast to the TNC, the Out of The Tropics (OTT) hypothesis 
proposes that extra- tropical regions have been colonized multiple 
times for different lineages since the Eocene when the extent of 
tropical climates was drastically reduced (Jablonski, Roy & Valentine, 
2006; Qian & Ricklefs, 2016). Thus, according to the OTT, the adap-
tations of species to colder high elevation environments in tropical 
mountains may have also originated from multiple immigrations of 
different lineages from outside of the tropics. This process of histor-
ical dispersal through time is sometimes used to explain the frequent 
occurrence of extra- tropical lineages in high elevation tropical mon-
tane systems (Gentry, 1988; Hughes & Eastwood, 2006). In tropical 
highlands, the coexistence of lineages with contrasting zones of ori-
gin (tropical lowlands versus extra- tropical) and evolutionary history 
will lead to a phylogenetically overdispersed distributional pattern 
(González- Caro, Umaña, Álvarez, Stevenson & Swenson, 2014; Qian, 
Hao & Zhang, 2014; Qian & Ricklefs, 2016).

Changes in phylogenetic composition (hereafter phylogenetic 
β- diversity) along elevational gradients will depend on which pat-
tern of immigration prevails. Overall, phylogenetic β- diversity may 
be partitioned into nestedness and replacement (Baselga, 2010). 
Phylogenetic nestedness is primarily due to changes in phylogenetic 
diversity and species richness. Under the TNC hypothesis, we ex-
pect nestedness to be the overriding pattern due to most species 
originating in the tropical lowlands and only a subset of lineages dis-
persing into highlands. In contrast, under the OTT hypothesis, we 
expect the replacement of major lineages (Leprieur et al., 2012) to 
be the overriding pattern of phylogenetic β- diversity due to different 
elevational bands being occupied by lineages with divergent evolu-
tionary histories (Peixoto et al., 2017). The idea that larger turnover 
of lineages supports the OTT hypothesis comes from the immi-
gration of lineages from extra- tropical regions is believed to have 
been more frequent in the highlands than in the lowlands (Gentry, 
1982; van der Hammen & Cleef, 1983; Hooghiemstra, Wijninga & 
Cleef, 2006). The addition of clades associated exclusively with the 
highlands, such as Fagaceae, Cunoniaceae, Proteaceae, and others, 
will increase phylogenetic turnover, in contrast to the expectation 
of the phylogenetic nestedness predicted by the TNC hypothesis. 
Understanding the extent to which either nestedness of turnover 
explains patterns of phylogenetic β- diversity along elevational gradi-
ents will help us to infer how historic dispersal of lineages shapes the 
current composition of tropical elevational gradients.

In this study, we integrate presence–absence data of tree spe-
cies tallied in plots with phylogenetic information to assess the 

extent to which the TNC vs. OTT hypotheses shape phylogenetic 
structure and changes in phylogenetic composition of forest com-
munities along an elevational gradient in the Andean- Amazon flank 
of Colombia. Our study had two specific goals. The first goal was 
first to assess changes of phylogenetic clustering of tree communi-
ties along the elevational gradient. We predicted a priori that phy-
logenetic clustering will increase with elevation due to changes in 
temperature, in accord with the TNC hypothesis. In contrast, if the 
OTT hypothesis prevails, phylogenetic overdispersion should in-
crease with elevation. The second goal of our study was to assess 
the extent to which either phylogenetic nestedness vs. replacement 
shapes phylogenetic β- diversity along the elevational gradient. The 
expectation under the TNC hypothesis is that the species occurring 
in the highlands are derived from lowland lineages. This leads to the 
a priori predictions that highland communities will be phylogenetic 
subsets of lowland communities and that phylogenetic nestedness 
will be the main process determining the phylogenetic β- diversity 
along the elevational gradient. In contrast, the OTT hypothesis pre-
dicts that the multiple extra- tropical colonization events will increase 
the phylogenetic diversity in the highlands, leading to phylogenetic 
replacement along the elevational gradient. To test this hypothesis, 
we assess the prevalence of extra- tropical- affiliated lineages in high-
land vs. lowlands tree communities.

2  | METHODS

2.1 | Study area

The study was conducted in the Putumayo and Nariño departments 
of Colombia. Mean annual temperatures in the region range from 
10°C to 26°C, and mean total annual precipitation ranges from 
2,301 to 2,968 mm. The study site is located in a remote region that 
is largely inaccessible and covered with mature forest with non- signs 
of recent or past human disturbances. We established 20 0.25 ha 
(5 ha total) permanent plots in the study area distributed along an el-
evational gradient from 750 to 2,802 m asl. The plots were randomly 
located in pairs along the trail at intervals of approximately 250 m el-
evation, following the sampling design used in other studies of tropi-
cal montane forests (Feeley, Hurtado, Saatchi, Silman & Clark, 2013; 
Feeley et al., 2011). In each sample elevation, we set up two plots of 
0.25 ha (50 m × 50 m), except in the two lowest elevations where we 
established three plots at each elevation (Figure S1).

2.2 | Plot surveys

The establishment and delimitation of the plots were carried out 
following standard protocols using a precision compass, clinom-
eter, and tape. The coordinates and elevation were recorded at 
each plot corner. In the field, plots were delimited with PVC tubes 
in the corners and polypropylene yellow ropes on the perimeter 
and parallel lines every 10 m; slope correction was applied so that 
plots sample 0.25 aerial hectares. Within each plot, all woody 
plants, including palms, with a diameter at breast height (DBH; 



502  |     RAMÍREZ Et Al.

measured at 1.3 m above the ground) greater than or equal to 
10 cm, were measured, mapped, and identified. Botanical samples 
were determined and vouchers stored in the Herbario Amazónico 
Colombiano (COAH).

2.3 | Phylogenetic data

We registered a total of 3,038 individuals excluding tree ferns. 
We were only able to assign taxonomic identification at any level 
to 2,853 individuals; 75.5% of these individuals were identified to 
species, 23% to genus, and 1.5% to family level. The 6.1% of indi-
viduals without any taxonomic identification were excluded from 
subsequent phylogenetic analysis. From the combined species list, 
we created a phylogenetic tree using Phylomatic version 3.0 (Webb 
& Donoghue, 2005), employing the phylogenetic backbone pro-
posed by Zanne et al. (2014) as a reference tree. The resulting phylo-
genetic tree has 55% of polytomies. Individuals that were identified 
at genus or family levels were included as polytomies.

2.4 | Species richness and phylogenetic structure

We estimated the species richness employing a rarefaction analy-
sis to compare among them due to differences in the number of 
individuals. We used 100 individuals as the cutoff to draw 1,000 
random species number for each plot and estimate the confidence 
intervals.

We calculated two common indexes to quantify the phylogenetic 
dispersion between co- occurring species in each plot (Webb, 2000; 
Webb et al., 2002): the net relatedness index (NRI) and the nearest 
taxon index (NTI). The NRI is a normalized average mean phyloge-
netic distance (MPD) between all pairs of coexisting species in a site 
and is calculated as:

The NTI is a standardized measure of the average phylogenetic 
distance between each species and their mean nearest taxon dis-
tance (MNTD), NTI, is calculated as:

NTI quantifies the degree of clustering among terminal taxa and 
is independent of the phylogenetic clustering at deeper levels (NRI).

For the two indexes, we applied a standardization procedure 
based on a null model that randomized the species composition 
based on the entire dataset. Specifically, we used the independent- 
swap algorithm to draw a null distribution based on 999 replicates, 
which retains the species richness within each plot and the rel-
ative frequency of species occurrences, but changes species co- 
occurrences. For each randomization, the phylogenetic distances 
between the species assigned to each community were calculated. 

We then standardized the NTI and NRI by subtracting the random 
mean from the observed value and dividing by the standard devi-
ation of the values drawn from the null model. The standardized 
values were then multiplied by −1 so that negative values of each 
index indicate phylogenetic overdispersion (i.e., more distantly re-
lated species than expected under null model), and positive values 
indicate phylogenetic clustering (i.e., more closely related species 
than expected under the null model). These indexes were calcu-
lated using the package “picante” in R (Kembel, 2010).

2.5 | Phylogenetic β- diversity

We used a PhyloSorensen index (hereafter PhyloSor) to construct 
a phylogenetic β- diversity matrix of the 20 plots based on the pres-
ence–absence of species. This index estimates the length of the 
branches of shared lineages between two sites relative to the sum of 
the lengths of lineages not shared between the sites (Bryant et al., 
2008). The PhyloSor index is calculated as:

where BLij is the sum of the length of the branches shared between 
sites i and j, and BLi and BLj is the sum of the length of the branches 
of each i and j, respectively. Subsequently, a null model distribution 
was drawn, and a similar standardization procedure as described 
above was applied. Positive values represent greater similarity 
than expected by chance, while negative values represent greater 
divergence than expected by chance. This metric estimates the re-
placement of lineages toward the terminal portions of the phylog-
eny; however, our phylogeny has a high percentage of polytomies 
(55%) at the shallow level. The PhyloSor index was calculated for 
all possible pairs of plots using the “PhyloMeasures” package in R 
(Tsirogiannis & Sandel, 2016).

The PhyloSor index was decomposed based on the additive 
framework proposed by Baselga (2010) and adjusted to the phylo-
genetic compositional change context proposed by Leprieur et al. 
(2012) to distinguish between phylogenetic diversity differences 
(nestedness) and phylogenetic replacement. The additive framework 
of PhyloSor controls for the differences in the phylogenetic diversity 
between two sites. These differences are the result of the extirpa-
tion of an entire lineage resulting in nestedness or the replacement 
of one lineage for other part of the phylogenetic tree. The differ-
ences in phylogenetic diversity are the result of contrasting diversifi-
cation or immigration histories between the highlands and lowlands 
in our study system.

Finally, we employed a null model to control for the effect of 
the regional species pool on the observed phylogenetic β- diversity 
indexes. The null distributions were drawn from 999 randomizations 
of the presence–absence matrix and the estimation of each index. 
Then, we standardized the observed values relative to the null dis-
tribution. Based on these analyses, we obtained six phylogenetic β- 
diversity indexes: PhyloSorTotal, PhyloSorRep, PhyloSorNes, and their 
standardized effect sizes.

NRIsample=−1×
MPDsample−MPDnull

SD(MPDnull)

NRIsample=−1×
MNTDsample−MNTDnull

SD(MNTDnull)

PhyloSorensenij=
BLij

0.5(BLi+BLj)
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2.6 | Statistical analyses

We assessed the effects of elevation on NRI, NTI, and rarefied spe-
cies richness to 100 individuals (SR) using bivariate Pearson correla-
tion analysis. We expect a positive correlation between elevation 
and NRI and NTI, and a negative relationship between elevation and 
SR when TNC is the predominant assembly mechanism; we expect 
the opposite patterns when the OTT processes prevail (i.e., negative 
relationships between elevation and NRI and NTI, but still a nega-
tive relationship between elevation and SR). In addition, to looking 
at linear relationships, we used a quadratic model to assess potential 
non- linear relationships between SR and elevation.

We next employed a Mantel correlation test to analyze the rel-
ative importance of elevation in explaining the variation of the six 
previously described phylogenetic β- diversity indexes. We expected 
that the nestedness component of phylogenetic β- diversity will be 
strongly correlated with elevational differences when TNC is the 
predominant pattern.

We performed a sensitivity analyses to assess the effect of 
the resolution of the phylogenetic tree on the Mantel correlations. 
We used 1,000 draws of hypothetical fully resolved dichotomies 
of the employed phylogenetic tree using the PDcalc R package 
(Rangel et al., 2015). Then, we calculate the correlation between the 
PhyloSor indexes described above and elevation. We used the 1,000 
bootstrapped correlation indexes to estimate the confidence inter-
vals (quantiles 0.05 and 0.95) of the Mantel correlation.

Finally, we tested the hypothesis that temperate- affiliated lin-
eages will be more common in highlands tree communities than in the 
lowlands by assigning a hypothetical origin to each family following 
Heywood, Moore, Richardson, and Stearn (1993). For each family, we 
then estimated the mean elevation range along the elevational gra-
dient and used a t test analysis to assess for differences in the mean 
elevation range between tropical-  and temperate- affiliated species.

3  | RESULTS

The 2853 individuals used in the analyses belonged to 464 species, 
205 genera, and 71 families (Table 1). The three families with the 
highest number of genera were Rubiaceae (23 genera), Fabaceae 
(13), and Lauraceae (11). Thirty- one families (44.4%) had only one 
genus, and eleven families (15.2%) had two genera. The genera 
with the highest number of species were Miconia (27 spp.), Inga 
(24), Ocotea (10), and Pouteria (9). The most abundant species were 
Piptocoma discolor (60 individuals), Wettinia maynensis (59), Clusia sp. 
3 (58), and Clethra fagifolia (45). We found an average species rich-
ness (SR) of 51 ± 14.2 (rarefied average SR100 = 40.8 ± 9.9) species 
per each 0.25 ha plot and an average stem density of 607.6 ± 117.9 
individuals per hectare. The total number of individuals and species 
richness per plot were not significantly correlated (r = 0.32, p = 0.17).

Although the rarefied species richness showed a linear and neg-
ative significant correlation with elevation (r = −0.72, p < 0.001; 

TABLE  1 Description of plots used in this study. Longitude (X), latitude (Y), number of individual trees (N; ha−1), species richness (SR.; 
0.25 ha−1), genus richness (GR, 0.25 ha−1), family richness (FR, 0.25 ha−1), net relatedness index (NRI), and nearest taxon index (NTI)

Elevational band X Y Elevation (masl) N SR FR GR NRI NTI

1 −80.63 −3.77 772 512 40 25 31 0.47 1.76

1 −80.64 −3.78 749 640 66 27 52 −0.72 −0.91

1 −80.65 −3.74 764 496 49 25 40 1.33 0.68

2 −80.67 −3.75 941 424 53 30 46 −0.77 −0.30

2 −80.66 −3.74 972 512 55 30 48 −1.18 −0.57

2 −80.65 −3.75 960 516 54 31 42 −0.10 −0.36

3 −80.67 −3.72 1,119 696 72 31 56 −0.63 −0.95

3 −80.68 −3.72 1,065 576 51 24 41 −0.80 −1.12

4 −80.69 −3.72 1,412 748 77 32 56 1.07 −0.39

4 −80.70 −3.71 1,414 528 51 27 37 1.13 0.17

5 −80.70 −3.72 1,642 608 74 30 53 1.50 0.95

5 −80.70 −3.71 1,663 640 58 23 43 1.68 −1.41

6 −80.72 −3.69 1,848 652 52 25 36 0.99 2.18

6 −80.72 −3.68 1,903 824 50 28 40 −0.73 −1.59

7 −80.72 −3.68 2,111 728 48 25 37 −0.40 0.15

7 −80.73 −3.68 2,083 860 43 20 28 −0.43 −1.27

8 −80.73 −3.68 2,364 556 30 19 22 −0.73 −1.21

8 −80.73 −3.68 2,314 592 41 19 26 −1.06 −0.28

9 −80.74 −3.68 2,647 592 36 19 27 −0.71 −0.60

9 −80.75 −3.67 2,802 452 20 10 13 −1.44 −2.28
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R2 = 0.52, AIC = 139.1), the most parsimonious model was a un-
imodal model with a peak in richness at approximately 1,600 m 
asl (R2 = 0.68, AIC = 132.6) (Figure 1a). The net relatedness index 
(NRI) and the nearest taxon index (NTI) were both significantly 
correlated with elevation (rNTI = −0.73, p < 0.001; rNRI = −0.60, 
p < 0.001). NRI averaged −0.07 ± 1.00 and NTI averaged in 
−0.36 ± 1.11. In addition, the species assemblages in plots above 
2000 m asl were consistently phylogenetically overdispersed and 

significantly different from the null model mainly at the most ex-
treme elevations (Figure 1b,c).

Phylogenetic β- diversity was negatively associated with differ-
ences in elevation in all cases (Figure 2). In other words, commu-
nities separated by large elevational gaps were more dissimilar in 
composition (greater β- diversity) than plots at nearby elevations. 
The observed and standardized effect size of PhyloSorTotal showed 
the highest Mantel correlation value with differences in elevation 

F IGURE  1 Variation across elevation in rarefied species richness to 100 individuals (a). NRI (b) and NTI (c). The gray circles are significant 
phylogenetic structure indexes relative to the null model

F IGURE  2 Variation in phylogenetic similarity indexes with respect to elevational differences between plots. Observed PhyloSorTotal 
(a). PhyloSorNes (b). PhyloSorRep (c) and standardized effect size of PhyloSorTotal (d). PhyloSorNes (e). PhyloSorRep (f). The gray circles indicate 
significant standardized effect size with respect to null expectations
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(r = −0.82, p < 0.001; r = −0.72, p < 0.001, respectively). The stan-
dardized effect size of PhyloSorNes phylogenetic nestedness com-
ponent had the lowest correlation with elevation differences and 
showed a tendency to have low values throughout the entire ele-
vational gradient (Figure 2f). The latter finding indicates a weak 
contribution of nestedness in structuring phylogenetic β- diversity 
in these communities. In contrast, the observed and standardized 
PhyloSorRep phylogenetic replacement had a higher correlation 
with elevation differences in a similar fashion that PhyloSorTotal 
(Figure 2b,e). According to the sensitivity analysis, the Mantel cor-
relation between the observed PhyloSor values and elevation was 
not significantly different from those calculated from randomly re-
solved polytomies of the observed phylogenetic tree (Figure 3).

Finally, the tropical- affiliated families occurred at signifi-
cantly lower average elevations than temperate- affiliated families 
(t = −21.18, p < 0.001; Figure S2).

4  | DISCUSSION

In contrast to the predictions of the TNC hypothesis, phylogenetic 
clustering does not increase with elevation. This suggests that mul-
tiple dispersal events through time have defined the biogeographic 
connections among tropical and extra- tropical regions and lineages 
(Gentry, 1982; Qian & Ricklefs, 2016). Likewise, the observed changes 
of phylogenetic β- diversity along this elevational gradient indicate 

low overlap of the major clades between lowland and highland tree 
communities. Low species richness and phylogenetic overdispersion 
in the highlands suggests limited but effective immigration of extra- 
tropical lineages adapted to the colder conditions that occur at high 
elevations (Hughes & Eastwood, 2006). In other words, highland 
Andean tree communities comprise a mixture of species originating 
from the lowland- tropics and species originating from extra- tropical 
temperate zones that are pre- adapted to overcome the physiologi-
cal limitations imposed by high elevation conditions, such as low 
temperatures and cloudiness (Donoghue & Edwards, 2014; Girardin 
et al., 2010). Therefore, our findings support the OTT hypothesis 
and highlight the important role that biogeographic dispersal plays 
in determining the structure of tree communities in tropical moun-
tain ecosystems.

Although there was not a strong pattern in the phylogenetic 
structure of lowland tree communities, the influence of locally dom-
inant and highly diverse lineages, such as Fabaceae (see Gentry, 
1982), may help to explain the phylogenetic clustering observed 
in some sites, similar to what has been reported in other studies 
(González- Caro et al., 2014; Honorio- Coronado et al., 2015). In con-
trast, the mix of different evolutionary histories due to the influx 
of extra- tropical lineages can explain the phylogenetic overdisper-
sion observed in most of the highland sites. Even though our system 
showed a “humped” rather than a linear change of species richness 
with elevation, there was a clear systematic decline in species rich-
ness above ~1,800 m asl. We suggest that the reduction of diversity 

F IGURE  3 Distribution of mantel test parameter for 1,000 runs resolving randomly the phylogenetic tree polytomies of correlation 
among Observed PhyloSorTotal (a). PhyloSorNes (b). PhyloSorRep (c) and standardized effect size of PhyloSorTotal (d). PhyloSorNes (e). PhyloSorRep 
(f) and elevation. The dashed dark line indicates the observed value with the raw phylogenetic tree. The dashed thin lines indicate the 
confidence intervals of the null distribution
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in the highlands compared to lowlands is largely due to the limited 
rate that the thermal niches of species originated in tropical low-
lands can evolve to highland conditions. However, explicit tests 
of the impact and rate of the dispersal flux and genetic exchange 
among tropical lowlands, highlands, and extra- tropical regions are 
still needed (e.g., Antonelli et al., 2018).

In the tropical mountains, similar to what is found along latitudi-
nal gradients (Stevens, 1992), the decrease of the niche width with 
the increase of temperature would promote phylogenetic overdis-
persion in lowlands and phylogenetic clustering in highlands, as 
predicted under the TNC hypothesis (Kerkhoff et al., 2014). This pat-
tern has been observed in other taxa in tropical Andean mountains 
(e.g., Hummingbirds; Graham et al., 2009; Parra, Rahbek, McGuire, 
& Graham, 2011). However, we did not find evidence of this pat-
tern in our study of tropical trees. Indeed, our findings showed a 
tendency toward phylogenetic overdispersion at higher elevations 
(Figure 3b,c), which contrasts with the expected pattern of change in 
the phylogenetic structure of tree communities under the TNC. The 
observed tendency for trees to be phylogenetically overdispersed in 
these tropical highlands is in agreement with other studies carried 
out along broader elevational gradients (González- Caro et al., 2014; 
Qian & Ricklefs, 2016) and lends support for the OTT hypothesis as 
the underlying mechanism (Qian & Ricklefs, 2016).

Alternative hypotheses have suggested increases of habitat fil-
tering and deterministic processes as major causes of the decrease in 
species richness with elevation (Mori et al., 2013; Tello et al., 2015). 
This habitat- filtering hypothesis predicts a systematic increase in 
phylogenetic clustering along the elevational gradient—the opposite 
of what we observed. Other alternative ecological processes, such 
as facilitation or priority effects, could increase in importance along 
with in elevation and potentially lead to phylogenetic overdispersion 
at higher elevations. For example, in the younger tropical highlands, 
the relative recent migrations of divergent lineages may have facili-
tated the entrance of other taxa with similar requirements but with 
different evolutionary histories (Fukami, 2015; Valiente- Banuet, 
Rumebe, Verdú & Callaway, 2006), thereby enhancing phylogenetic 
diversity. These hypotheses require testing.

Phylogenetic replacement was the most important component 
of the phylogenetic β- diversity among our study plots. According 
to the standardized effect sizes, we estimate that plots with eleva-
tional differences of approximately 1,000 m or more (correspond-
ing to ~5.7°C difference in mean annual temperatures) harbor tree 
communities that differed significantly in phylogenetic composi-
tion (Figure 2d,e). As above, this finding suggests that in the low-
lands the in situ diversification of dominant clades may have played 
a paramount role on shaping the phylogenetic assemblages of tree 
communities (Honorio- Coronado et al., 2015). In the highlands, 
historical dispersal appears to lead the system to have a pattern of 
lineages with contrasting evolutionary histories occupying different 
elevational bands. Thus, the elevational range (i.e., thermal niche) of 
Andean tree communities can be seen as the result of the interplay 
of biogeography and lineage evolution. Understanding the propor-
tion to which either dispersal of lineage evolution shapes the tree 

communities in Andean mountains could be used to help predict 
the likely impacts that global warming will have on species’ ther-
mal niches, distributions, and forest function (Duque, Stevenson & 
Feeley, 2015; Fadrique et al., 2018; Feeley et al., 2011).

Assuming that tropical Andean tree communities are composed 
of a mix of species with divergent origins from the tropical lowlands 
(e.g., Amazonia) and extra- tropical zones (e.g., the Southern Andes or 
North America), we can expect different elevations to be primarily 
inhabited by lineages pre- adapted for each particular condition as 
expected under the OTT hypothesis. The conservation of the ther-
mal niche through the evolutionary history of species could explain 
why the observed phylogenetic β- diversity as well as the dominance 
of extra- tropical species in the highlands was higher than expected 
by chance. Indeed, the hypothesis of dominance of tropical lineages 
in the lowlands versus temperate lineages in the highlands is sup-
ported by the comparisons of the elevational distribution tropical 
vs. temperate families (Figure S2). High but differential colonization 
rate of lineages along the slope of the mountains according to their 
origin and location could also explain the dominance of the phyloge-
netic overdispersion observed in the upper part of the elevational 
gradient.

The analysis of sensitivity showed that the observed correlation 
between phylogenetic β- diversity and elevation remains significant 
even after randomly assuming better- resolved dichotomies. In fact, 
under the assumed better- resolved phylogenies, the correlation 
between phylogenetic β- diversity and elevation tended to increase 
(Figure 2a). It is a remarkable result if we take into account that the 
fully identified 464 species tallied in this study represent ~18% 
of the total number of tree species (2,640 spp.) reported for the 
whole Colombian tropical Andes (Bernal, Gradstein & Celis, 2015). 
However, additional work focusing on improving tree phylogenies in 
Andean mountains is urgently needed. An ancestral reconstruction 
of the ecological zone of origin based on robust molecular phylog-
enies will help to improve our understanding of the roles played by 
the evolutionary mechanisms and migration patterns on determining 
tree communities and species coexistence in tropical montane eco-
systems (Hutter, Guayasamin & Wiens, 2013; Kerkhoff et al., 2014; 
Ricklefs, 2006).

In conclusion, this study suggests that the colonization of trop-
ical mountains by extra- tropical lineages (i.e., the OTT hypothesis) 
has influenced the modern distribution of tree species along the el-
evational gradient of the Andean- Amazon transition, and perhaps in 
other tropical mountain systems throughout the world. In addition, 
the interplay between biogeography and the evolution of the ther-
mal niche emerges as a critical mechanism determining regional tree 
diversity in the tropical mountains. Species’ thermal niches, defined 
by different morphological and physiological characteristics, may 
constrain species movements and transitions between contrasting 
environments and elevational bands (Fadrique et al., 2018; Zanne 
et al., 2014). For this reason, a young tropical mountain community 
can be the result of the immigration of different pre- adapted lin-
eages and subsequent diversification within the limits of their niches 
(Donoghue & Edwards, 2014). Since restricted transitions between 
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biomes can be one of the most critical processes in the distribution 
of angiosperms (Donoghue & Edwards, 2014), at least a portion of 
the flora along an elevational gradient of the tropical Andes may 
have migrated from areas at other latitudes and elevations but with 
similar temperatures (Qian & Ricklefs, 2016). This contribution to our 
understanding of the width of the phylogenetic thermal niche of tree 
communities will add to our understanding of the need for species 
to migrate in order to track their preferred thermal conditions and 
avoid extinction due to climate change (Duque et al., 2015; Fadrique 
et al., 2018; Feeley et al., 2011, 2013).
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