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Upslope migration of Andean trees

Kenneth J. Feeley1,2*, Miles R. Silman3, Mark B. Bush4, William Farfan3,

Karina Garcia Cabrera3, Yadvinder Malhi5, Patrick Meir6, Norma Salinas

Revilla5,7, Mireya Natividad Raurau Quisiyupanqui3 and Sassan Saatchi8,9

INTRODUCTION

Species are predicted to shift their distributions, or ‘migrate’,

in response to global climate change (Parmesan & Yohe, 2003;

Parmesan, 2006; Thuiller, 2007). These distributional shifts

have important conservation implications, potentially leading

to widespread species extinctions due to reductions in habitat

area and population size (Thomas et al., 2004; Feeley &

Silman, 2010a) and to local declines in biodiversity due to

‘biotic attrition’ (Colwell et al., 2008; Feeley & Silman, 2010b),
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ABSTRACT

Aim Climate change causes shifts in species distributions, or ‘migrations’.

Despite the centrality of species distributions to biodiversity conservation, the

demonstrated large migration of tropical plant species in response to climate

change in the past, and the expected sensitivity of species distributions to modern

climate change, no study has tested for modern species migrations in tropical

plants. Here we conduct a first test of the hypothesis that increasing temperatures

are causing tropical trees to migrate to cooler areas.

Location Tropical Andes biodiversity hotspot, south-eastern Peru, South

America.

Methods We use data from repeated (2003/04–2007/08) censuses of 14 1-ha

forest inventory plots spanning an elevational gradient from 950 to 3400 m in

Manu National Park in south-eastern Peru, to characterize changes in the

elevational distributions of 38 Andean tree genera. We also analyse changes in the

genus-level composition of the inventory plots through time.

Results We show that most tropical Andean tree genera shifted their mean

distributions upslope over the study period and that the mean rate of migration is

approximately 2.5–3.5 vertical metres upslope per year. Consistent with upward

migrations we also find increasing abundances of tree genera previously

distributed at lower elevations in the majority of study plots.

Main conclusions These findings are in accord with the a priori hypothesis of

upward shifts in species ranges due to elevated temperatures, and are potentially

the first documented evidence of present-day climate-driven migrations in a

tropical plant community. The observed mean rate of change is less than

predicted from the temperature increases for the region, possibly due to the

influence of changes in moisture or non-climatic factors such as substrate, species

interactions, lags in tree community response and/or dispersal limitations.

Whatever the cause(s), continued slower-than-expected migration of tropical

Andean trees would indicate a limited ability to respond to increased

temperatures, which may lead to increased extinction risks with further climate

change.
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with the potential for consequent alterations of ecosystem

services (Bunker et al., 2005).

Past and current changes in climate can provide a guide

for improving predictions of species responses to future

climate change (Petit et al., 2008). Global land surface

temperatures have increased by approximately 0.02 �C year)1

over the past several decades (Malhi & Wright, 2004; Hansen

et al., 2006). If species are migrating, analyses of repeated

censuses will reveal changes in the distributions of individual

taxa and/or the composition of ecological communities.

Various studies have shown changes in animal and plant

distributions consistent with climate-induced migration (e.g.

Kalela, 1949; Pauli et al., 1996; Parmesan et al., 1999; Walther

et al., 2005; Wilson et al., 2005; Beckage et al., 2008; Kelly &

Goulden, 2008; Lenoir et al., 2008), but only a relatively few

migrations have been documented in any tropical species

(e.g. Raxworthy et al., 2008; Chen et al., 2009) and no studies

have yet demonstrated present-day shifts in the distribution

of tropical plant species. This is despite the fact that

approximately two-thirds of all plant species on Earth are

tropical and that tropical species are hypothesized to be

especially sensitive to changes in climate due to low intrinsic

climatic variability in the tropics and increased niche

specialization (Janzen, 1967; Ghalambor et al., 2006; Deutsch

et al., 2008; McCain, 2009).

Temperatures in the tropical Andes have increased at a rate

of approximately 0.03–0.04 �C year)1 since 1975, exceeding

the global average (Vuille & Bradley, 2000). Assuming that

species distributions are determined at least in part by climate,

this warming should have caused upward migrations of species

in montane tree communities since temperatures decrease

predictably with increasing elevation (Colwell et al., 2008).

Given the documented adiabatic lapse rate of )0.0055 �C m)1

gain in elevation (Bush et al., 2004), an upslope migration at

the pace of approximately 5.5–7.5 vertical m year)1 is required

for Andean species to remain at equilibrium with the observed

temperature increases over the past 30 years.

The migration of species in response to warming can be

manifested in several ways. In the simplest of cases, species

may show an upward movement of their lower and upper

range boundaries. Alternatively, many species may be incapa-

ble of responding to climatic changes through rapid migrations

because of limited dispersal (Clark, 1998; Clark et al., 1999;

Corlett, 2009), long generation times and/or other impedi-

ments (Ibáñez et al., 2006). In this case, there may be no or

little movement of the upper edge of the species’ range but the

mean elevation of individuals, or ‘centre of gravity’, should still

shift upwards due to increased performance in the upper/

cooler portion of the species’ range and reduced performance

or dieback in the lower/hotter portion of the species’ range

(Feeley et al., 2007; Breshears et al., 2008; Lenoir et al., 2008;

Chen et al., 2009). Likewise, species may show little or no

change in the distribution of individuals, but migrations may

still be evident as changes in more labile indicators of

abundance, such as percentage cover or basal area in the case

of plants (Kelly & Goulden, 2008), or the relative performance

of individuals across the species’ range.

We investigated the distributional responses of Andean tree

genera to increasing regional temperatures by analysing repeat

inventory data collected from a series of 14 1-ha tree plots

situated in primary tropical montane forest spanning an

elevational gradient from 950 to 3400 m a.s.l. in the Kosñipata

Valley of Manu National Park in south-eastern Peru (Table 1).

The plots were initially censused in 2003–04 and then

recensused after an average of 4 years allowing us to analyse

changes in floristic composition due to stem growth, mortality

and recruitment, and to test how these changes correspond to

the predicted upslope distributional shift of Andean trees due

to observed warming.

MATERIALS AND METHODS

In 2003–04, we tagged, measured and identified all living

woody stems (hereafter, trees) ‡10 cm diameter at breast

Table 1 The locations, elevations, and census dates of the 14 1-ha Andean forest inventory plots.

Plot no. UTM E UTM N Elevation (m) First census date Second census date

1 19S 225215 8567314 950 July 2004 July 2007

2 19S 197947 8582756 1250 Oct 2004 May 2008

3 19S 198534 8582816 1500 Sept 2004 May 2008

4 19S 224863 8556052 1500 Sept 2006 Sept 2008

5 19S 224258 8556260 1750 Aug 2006 Sept 2008

6 19S 222887 8553630 1850 Aug 2003 July 2007

7 19S 222622 8553538 2000 Sept 2003 June 2007

8 19S 221737 8552556 2250 Sept 2003 June 2007

9 19S 220816 8551070 2525 July 2003 June 2007

10 19S 219193 8549686 2750 July 2003 June 2007

11 19S 218992 8549454 3025 Oct 2003 May 2007

12 19S 219595 8540370 3025 Sept 2003 July 2007

13 19S 217594 8549222 3200 June 2003 May 2007

14 19S 217309 8548834 3400 July 2003 June 2007

UTM, Universal Transverse Mercator.
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height (d.b.h.) in 14 1-ha forest inventory plots centred at

approximately 950, 1250, 1500, 1500, 1750, 1850, 2000, 2250,

2525, 2750, 3025, 3025, 3200, 3400 m elevation in the

Kosñipata Valley at the edge of Manu National Park in

south-eastern Peru (Table 1) where temperature increases have

averaged approximately 0.03–0.05 �C year)1 since climate

records were started in the late 1950s (see Appendix S1 in

the Supporting Information).

For each tree we calculated the basal area, or cross-sectional

area, at breast height (1.3 m above ground measured at the

side of the stem) or above buttresses if necessary. If an

individual had multiple stems below breast height, basal areas

of the stems were combined to give a total basal area for each

individual tree. The 14 plots were recensused after an average

of 4 years (Table 1) providing data on annual rates of

mortality, recruitment and basal area growth for approxi-

mately 14,000 individual trees from more than 1000 species of

more than 250 genera.

The majority of species were only recorded in a single

plot and thus even a large shift in their elevational distribution

would not necessarily manifest in the recensus data due to

the large elevational interval between plots. We therefore

elected to conduct all analyses at the genus level. Conducting

the analyses at the genus level is also advantageous in that it

helps minimize possible errors due to any individuals that

could not be reliably identified to species.

Following the protocol of Chen et al. (2009), who investi-

gated elevational range shifts of moth species on Mount

Kinabalu, Borneo, we calculated the centre of the elevational

distribution of each genus, or its ‘centre of gravity’, as the

mean elevation weighted by number of individuals per

elevation and also weighted by relative basal area per elevation

(basal area relativized within genera across plots).

We tested for changes in the mean elevation between

censuses for all tree genera that occurred in at least two plots.

Thirty-eight genera met this criterion (Table 2) representing

20% of all genera recorded in the plots but accounting for

>80% of all individuals and >75% of total basal area. For each

of these genera we estimated the migration rate as the

annualized change in the centre of gravity of a genus based

on first the distribution of individuals and second the

distribution of basal area (Chen et al., 2009).

In addition to testing for changes in the mean elevation of

individual tree genera, we also tested for directional changes

in the floristic composition of each study plot, specifically

testing the hypothesis that if trees are migrating upslope

through time there will be a corresponding increase in the

abundance of tree genera from lower elevations. For each of

the 14 plots we calculated the ‘community elevation score’ at

the time of the first and second census. The community

elevation score is the mean centre of gravity of all genera

found in the plot (i.e. including some genera that were

excluded from the genus-level analyses due to small sample

sizes) as estimated from the initial round of censuses and

weighted by their relative abundances in the plot during

either the first or second census as measured by number of

individuals or basal area. A decrease in community elevation

score indicates an increase in the relative abundance or basal

area of tree genera from lower elevations consistent with

upward migrations (Chen et al., 2009); however, for consis-

tency with genus-level migration rates, we present our

estimates of community-level migration rates such that

positive values indicate upslope migrations.

Since inventory plots sample individuals only within por-

tions of the distributional ranges, we also calculated the

community elevation score for each plot using an independent

measure of centres of gravity for each genus based on the

distribution of the elevations from which herbarium samples

have been collected in Peru, excluding samples from our study

plots and correcting for biases in sampling intensity across

elevation (Feeley & Silman, 2010a). We downloaded all

available herbarium records for plants collected in Peru

through the Global Biodiversity Information Facility (GBIF;

http://www.gbif.org; Appendix S2). We screened to eliminate

obvious georeferencing errors and duplicate records and

excluded any collections from the study plots, resulting in a

database of more than 125,000 unique records (Feeley &

Silman, 2011). For 147 genera (58%) occurring in the study

plots and represented by ‡30 records including elevational

information, we estimated mean elevation by counting the

number of specimens collected within elevational bands

spanning 250 vertical metres (the width of elevational bands

chosen to approximate the resolution of plot data). In our

analyses we used only elevational data recorded with the

collections themselves rather than elevations extracted on

the basis of geographic coordinates in order to minimize the

potential influence of georeferencing errors, which can be

severe and problematic especially in mountainous areas (Feeley

& Silman, 2010c). Collection intensity may be biased by

elevation, for example due to differential access and/or

proximity to field stations and population centres (Kadmon

et al., 2004; Moerman & Estabrook, 2006). We corrected for

potential biases in collection intensity by standardizing over

the total number of records available across all species

(including samples of non-study species and samples not

identified to species) from the corresponding elevational band

(Feeley & Silman, 2010a).

RESULTS

Overall, during the period of 2003–04 to 2007–08 more

Andean genera migrated upslope than downslope; 62% of

genera increased in mean elevation of individuals and 87%

increased in mean elevation of basal area (Table 2, Fig. 1a,b).

The contrast in the number of upslope- versus downslope-

migrating genera is more pronounced in more abundant

genera (Table 2, Appendix S3). For example, of the 12 genera

with ‡200 individuals, 75% increased their mean elevation of

individuals and 100% increased their mean elevation of basal

area (see insets in Fig. 1a,b).

We estimate that the mean migration rate of the Andean tree

genera, in terms of distribution of individuals, was

Andean trees migrate upslope
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+2.5 m year)1 [95% confidence interval (CI) = +0.6 to

+4.9 m year)1; Table 2, Fig. 1a], and the mean migration rate

in terms of basal area was +3.5 m year)1 (95% CI = +2.2 to

+5.1 m year)1; Table 2, Fig. 1b). As with the number of

migrating genera, the mean rate of migration increased with

increasing abundance of the genus (Fig. 1, Appendix S4). For

example, for genera with ‡200 individuals the mean migra-

tion rate of individuals was +5.7 m year)1 (95% CI = +2.6 to

+9.9 m year)1) and the mean migration rate of basal area was

+6.2 m year)1 (95% CI = +4.5 to +8.4 m year)1; insets in

Fig. 1a,b).

Migration rate in terms of basal area increased in relation to

the initial centre of gravity of a genus, or mean elevation, such

that basal area migration rates increased by an average of

+2.8 m year)1 per 1000 m increase in a species’ initial mean

elevation (F1,36 = 5.1, R2 = 0.12, P = 0.03).

When using the centre of gravity scores calculated from the

initial plot censuses, we found that the community elevation

Table 2 ‘Centres of gravity’, or mean elevations, and annual migration rates estimated for 38 tree genera occurring in at least 2 of the

14 forest inventory plots in the south-eastern Peruvian Andes (genera ordered by abundance). Positive migration rates (bold) indicate

upslope migration.

Genus

No. of

individuals

Initial centre of

gravity (m)*

Migration rate

(m year)1)*

Initial centre

of gravity (m)�
Migration rate

(m year)1)�
Centre of

gravity (m)�

Cyathea 1689 2210.8 5.4 2252.4 5.7 1473.4

Weinmannia 1129 2903.5 2.4 2926.2 3.4 2591.2

Clusia 724 2662.9 5.7 2708.4 4.5 1992.3

Miconia 594 2689.4 8.1 2825.8 9.5 1886.6

Clethra 296 2369.3 7.7 2575.7 4.9 2363.5

Alchornea 287 1976.0 )1.9 2051.5 6.6 1622.7

Ocotea 284 2096.0 )0.2 2163.4 3.5 1431.4

Myrsine 268 2860.3 5.4 2854.2 4.1 2611.9

Ilex 263 2414.3 )0.1 2543.5 2.6 2423.1

Nectandra 242 1824.9 3.5 1772.1 7.7 1433.6

Hedyosmum 235 2262.0 24.9 2259.8 15.8 2200.3

Prunus 227 2681.8 9.4 2788.9 6.5 2463.7

Tapirira 190 1690.3 )0.3 1653.4 0.9 725.8

Myrcia 187 1845.7 0.2 1827.8 )0.7 1449.8

Symplocos 180 3157.2 )0.5 3239.2 2.9 2821.4

Ficus 179 1383.2 1.7 1449.1 )0.5 1365.3

Persea 154 2319.6 5.5 2505.1 8.0 2084.9

Cecropia 122 1637.1 0.8 1670.9 3.9 1519.5

Alzatea 118 1986.9 )1.3 1980.3 )1.5 n.a.

Mollinedia 117 1787.8 )6.2 1764.2 )6.4 1354.1

Axinaea 115 3160.4 )1.0 3160.0 0.3 n.a.

Guatteria 110 1712.7 0.2 1692.2 4.2 946.4

Inga 109 1431.7 0.8 1406.8 3.6 1044.1

Hieronyma 104 1889.9 )1.3 1852.1 0.1 n.a.

Ladenbergia 101 1275.7 0.0 1209.7 0.8 1192.4

Virola 100 1249.0 3.7 1212.7 3.6 578.7

Freziera 98 2713.0 1.7 2747.7 2.8 n.a.

Elaegia 95 1485.3 2.4 1551.9 )1.2 n.a.

Meliosma 89 2285.7 )5.3 2083.6 0.8 1674.6

Dendropanax 84 1616.1 )1.1 1586.2 1.1 1281.4

Clarisia 79 1334.8 )1.3 1313.3 0.1 908.1

Schefflera 78 2540.1 30.0 2668.0 20.6 1830.8

Cinchona 72 2406.3 2.2 2358.9 4.4 2252.2

Pseudolmedia 69 1615.9 0.5 1540.9 0.2 752.3

Brunellia 61 2815.6 )0.2 2787.8 2.8 2541.2

Protium 57 1724.6 0.6 1703.8 1.0 521.9

Tachigali 56 1460.7 0.3 1338.0 4.3 496.8

Palicourea 51 2034.8 )4.4 2036.3 1.8 1735.6

n.a., not applicable (i.e., could not be calculated from herbarium records due to insufficient collections).

*As estimated from the distribution, or change in distribution, of individuals across elevation.

�As estimated from the distribution, or change in distribution, of basal area across elevation.

�As estimated from the elevational distribution of herbarium collection records from Peru correcting for sampling biases (accessed through the

Global Biodiversity Information Facility, GBIF).
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score increased in 11 of the 14 plots if abundances were

weighted by number of individuals, and in 12 plots if

abundances were weighted by relative basal area (Table 3,

Fig. 2a,b). The mean rate of change in community elevation

scores corresponds to an upward migration of individuals at

the rate of +1.1 m year)1 (95% CI = +0.4 to +1.9 m year)1;

Fig. 2a) and an upward migration of basal area at a rate of

+2.0 m year)1 (95% CI = +1.1 to +2.8 m year)1; Fig. 2b).

When using centre of gravity scores based on the distribu-

tions of herbarium collection records, we found that commu-

nity elevation scores increased in 12 plots if weighted by

number of individuals and in 11 plots if weighted by relative

basal area (Table 3), with corresponding migration rates of

+2.1 m year)1 (95% CI = +1.1 to +3.4 m year)1; Fig. 2c) and

+2.4 m year)1 (95% CI = +0.8 to +4.2 m year)1; Fig. 2d),

respectively. There was no relationship between change in

community elevation score and plot elevation.

DISCUSSION

These results provide the first demonstration that tropical trees

may respond to climate change through distributional migra-

tions over short (subdecadal) time-scales. We show that there

have been directional shifts in the distributions of tree genera

in the Peruvian Andes such that the mean elevations of most

genera increased from 2003–04 to 2007–08 and accordingly at

any given elevation the abundance of genera centred at lower

elevations has also increased.

The number of Andean genera migrating upslope and the

rate of migration was greater when estimated based on changes

in the distribution of basal area versus changes in the
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Figure 1 Migration rates estimated for each tree genus occurring in at least 2 of the 14 study plots in south-eastern Peru. Migration

rates were estimated as the annualized changes in the ‘centre of gravity’ of the genus as weighted by (a) the number of individuals per

elevation or (b) the relative basal area per elevation. Horizontal lines show the mean rate of change and 95% confidence intervals. Positive

values indicate upslope migrations. Insets show the results if analyses are restricted to genera with ‡200 individuals.

Table 3 The estimated community-level migration rates of the

14 1-ha Andean forest inventory plots. Positive migration rates

(bold) indicate upslope shifts.

Plot no.

Migration rate

(m year)1)*

Migration rate

(m year)1)�
Migration rate

(m year)1)�
Migration rate

(m year)1)§

1 )3.16 6.31 5.79 5.52

2 4.33 12.97 12.13 17.30

3 3.16 12.14 6.07 6.44

4 1.67 6.01 4.28 12.52

5 3.56 5.29 8.55 3.20

6 8.38 12.56 13.52 13.70

7 2.48 3.75 )5.54 )8.52

8 2.35 11.23 9.97 34.01

9 )1.81 )1.17 6.73 2.12

10 19.70 19.93 30.83 27.24

11 5.33 0.01 2.68 )3.73

12 1.97 1.95 )1.76 3.87

13 )1.84 )2.29 2.56 )5.67

14 7.61 5.70 7.29 6.54

*As estimated from the change in the individual-based community

elevation score calculated using centres of gravity for genera based on

the distribution of individuals across study plots.

�As estimated from the change in the basal area-based community

elevation score calculated using centres of gravity for genera based on

the distribution of basal area across study plot.

�As estimated from the change in the individual-based community

elevation score calculated using centres of gravity for genera based on

the distribution of herbarium collection records from Peru.

§As estimated from the change in the basal area-based community

elevation score calculated using centres of gravity for genera based on

the distribution of herbarium collection records from Peru.

Andean trees migrate upslope

Journal of Biogeography 38, 783–791 787
ª 2010 Blackwell Publishing Ltd



distribution of individuals. This is not surprising given the

duration of the study in relation to the long life span of trees.

In contrast to the distribution of individuals, changes in

distribution of basal area are influenced not only by mortality

and recruitment events but also by changes in relative tree

growth rates that can occur over shorter time-scales.

Basal area migration rates were positively correlated with

mean elevation. This may be indicative of the fact that in the

tropical Andes temperature increases have generally been

greater at higher elevations (Vuille & Bradley, 2000).

Alternatively, this pattern may in part be an artefact of the

fact that diversity is lower in higher-elevation plots, leading

to increased sample sizes within genera (173.4 more

individuals per genus for each 1000 m gain in initial

elevation; F1,36 = 4.0, R2 = 0.10, P = 0.05). However, if

abundance is accounted for, the relationship between basal

area migration rates and initial mean elevation remains

significant (P = 0.05).

While it may be surprising that the distributional shifts of

Andean trees are in fact measurable over a census interval of

4 years, it should be noted that the observed migration rates

are in line with the mean upslope range shifts observed for

tropical Lepidoptera (1.6 m year)1) (Chen et al., 2009) and

reptiles (2.2 m year)1) (Raxworthy et al., 2008) but slower

than those observed for tropical amphibians (9.0 m year)1)

(Raxworthy et al., 2008). It is also significantly slower than the

5.5–7.5 m year)1 expected based on the recorded 0.03–

0.05 �C year)1 increase in temperature for the region and is

markedly slower than the >9 m year)1 migration that will be

required to remain in equilibrium with climate if temperatures

increase by >5 �C over the next century as generally predicted

under high-range greenhouse gas emissions scenarios (Malhi

et al., 2009; Urrutia & Vuille, 2009). The migration rates

estimated here are consistent with past rates of change as

estimated through palaeoecological records of Andean tree

communities during the Ice Age to Holocene transition (Bush

et al., 2004; Urrego et al., 2010) and thus may approximate the

maximum migration rate for this system. Alternatively, species

migrations may be punctuated by rapid periods of spread due

to rare, long-distance dispersal events (Clark et al., 1999;

Nathan, 2006), emphasizing the need for longer-term studies.

The observed changes in tree distributions are clearly non-

random and the direction of change is consistent with a priori

expectations of upslope migrations under rising temperatures.

However, we cannot exclude the possibility that these changes

are due to factors other than long-term warming. For example,

given the relatively short duration of the study and the

possibility of delayed responses in the dynamics of long-lived

trees, the observed range shifts may be in response to an

isolated climatic event such as the 2005 Amazonian drought

(Phillips et al., 2009; Allen et al., 2010) in which temperatures

were elevated throughout much of the south-west Amazon, or
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Figure 2 Migration rates as estimated from

the annualized changes in community eleva-

tion scores of each of 14 1-ha tropical

Andean forest inventory plots. In (a) and (b),

community elevation scores are based on the

average initial ‘centre of gravity’ for all rep-

resented genera as calculated from the plot

censuses and weighted by (a) the number of

individuals or (b) the relative basal area in

the first versus second census. In (c) and (d),

the centres of gravity were calculated from

the distribution of herbarium collections for

each genus available through the Global

Biodiversity Information Facility (GBIF)

from Peru and weighted by (c) the number of

individuals and (d) the relative basal area.

Horizontal lines show the mean rate of

change and 95% confidence intervals. Posi-

tive values indicate upslope migrations.
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other past climatic events such as El Niños. The difficulty in

distinguishing between the effects of climatic events, climate

trends and other possible drivers further emphasizes the need

for additional longer-term studies.

Longer-term and larger-scale studies will also hopefully

allow for additional analyses to be conducted at the species

level. At the current taxonomic resolution, the observed

upslope shifts in mean elevations of genera may possibly reflect

changes in the relative abundances of species rather than actual

migrations (i.e. the mean elevation of a genus will shift upslope

if species centred at higher elevations are increasing in

abundance/basal area relative to congeners centred at lower

elevations, even in the absence of range shifts). While this is

certainly a possibility that warrants further exploration, in

preliminary analyses of the 50 most abundant species we find

that mean elevations of the majority of species have in fact

shifted upslope and that the mean migration rate is signif-

icantly upslope at the rate of +1.1 m elevation year)1 (95%

CI = +0.4 to +1.8 m year)1).

CONCLUSIONS

While the underlying causes and mechanisms need further

elucidation, these results provide valuable evidence that

tropical trees may potentially respond to environmental

changes through distributional shifts. In addition, these

results provide estimates of the speed at which modern

tropical tree communities can potentially migrate. These data

can be incorporated into models and used to better predict

changes in species future population sizes under various

climate change scenarios and the associated risks of extinc-

tion (Feeley & Silman, 2010a). In general, we predict that if

tropical species continue to migrate at the rates observed here

and are incapable of tolerating and/or adapting to rising

temperatures, they will fail to keep pace with future climate

changes, resulting in rapid losses of habitat area and high

risks of extinction (Thomas et al., 2004; Feeley & Silman,

2010a).
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