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Abstract
Aim: Understanding the drivers of global diversity has challenged ecologists for decades. Drivers
related to the environment, productivity and heterogeneity are considered primary factors,
whereas disturbance has received less attention. Given that fire is a global factor that has been
affecting many regions around the world over geological time scales, we hypothesize that the fire
regime should explain a significant proportion of global coarse-scale plant diversity.
Location: All terrestrial ecosystems, excluding Antarctica.
Time period: Data collected throughout the late 20th and early 21st century.
Taxa: Seed plants (5 spermatophytes 5 phanerogamae).
Methods: We used available global plant diversity information at the ecoregion scale and compiled productivity, heterogeneity and fire information for each ecoregion using 15 years of
remotely sensed data. We regressed plant diversity against environmental variables; thereafter, we
tested whether fire activity still explained a significant proportion of the variance.
Results: Ecoregional plant diversity was positively related to both productivity (R2 5 .30) and fire
activity (R2 5 .38). Once productivity and other environmental variables were in the model
(R2 5 .50), fire regime still explained a significant proportion of the variability in plant diversity
(overall model, R2 5 .71). The results suggest that fire drives temporal and spatial variability in
many ecosystems, providing opportunities for a diversity of plants.
Main conclusions: Fire regime is a primary factor explaining plant diversity around the globe,
even after accounting for productivity. Fires delay competitive exclusion, increase landscape heterogeneity and generate new niches; thus, they provide opportunities for a large variety of species.
Consequently, fire regime should be considered in order to understand global ecosystem distribution and diversity.
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1 | INTRODUCTION

a humped relationship between diversity and productivity is likely,
because competitive exclusion limits the species at high productivity

Understanding the factors determining species diversity is of prime

(Fraser, Pither, & Jentsch, 2015; Grime, 1973, 1979), although this pat-

importance in ecology. Many factors may play a role in determining

tern can be relatively weak (Tredennick, Adler, & Grace, 2016) and

species diversity (e.g., environmental characteristics, historical factors,

driven by a variety of processes (Grace, Anderson, & Seabloom, 2016).

heterogeneity, disturbance regime, species interactions), and the pat-

However, when diversity is considered at a large biogeographical scale

tern and importance of each one depends on the scale (Rosenzweig,

(meaning coarse grain and among regions), a clear positive linear rela-

1995), For instance, there is an extensive literature suggesting that pro-

tionship is the rule (Coleman, Mares, Willig, & Hsieh, 1982; Gillman &

ductivity is a major driver of diversity. At the local scale, that is, at the

Wright, 2006; Gillman et al., 2015; O’Brien, 2006; Rosenzweig, 1995).

scale at which species interaction is a dominant process (small plots),

This positive relationship between productivity and richness at large

Global Ecol Biogeogr. 2017;1–9.

wileyonlinelibrary.com/journal/geb

C 2017 John Wiley & Sons Ltd
V

|

1

2

|

PAUSAS

AND

RIBEIRO

scales is typically explained by the crossing of different species pools

2005; Dantas, Hirota, Oliveira, & Pausas, 2016; Keeley & Rundel,

and by the higher energy and the greater rate of speciation in high pro-

2005), it is likely to determine large-scale diversity patterns.

ductivity environments (Gillman & Wright, 2006); richness can also pro-

Our hypothesis is that the fire regime should explain a significant

mote productivity and contribute to this relationship (Grace et al.,

proportion of the global coarse-scale plant diversity, even after

2016; Naeem, Thompson, Lawler, Lawton, & Woodfin, 1994).

accounting for productivity. In addition to productivity and disturbance,

Disturbance is another major driver of diversity (Connell, 1978;

another major driver of diversity when working with coarse-grain units

Huston, 1979, 2014). At the local scale, disturbance delays competitive

, & Font,
is the heterogeneity of the spatial unit (Pausas, Carreras, Ferre

exclusion and thus increases the opportunity for different species to

2003; Rahbek & Graves, 2001; Ricklefs, 1987; Stein, Gerstner, & Kreft,

occur. However, very high (mortality-causing) disturbance may limit

2014), and so this parameter needs to be considered in any coarse-

many species from entering into the community, thus the intermediate

grain study. To test our hypothesis, we use available global plant diver-

disturbance hypothesis is the prevalent expectation, perhaps since

sity information for world ecoregions and compile productivity, hetero-

Loucks (1970). However, a large variety of relationships has been

geneity and fire information for each ecoregion using 15 years of

observed, depending mainly on the scale, type and severity of disturb-

remotely sensed data. We do not expect to find a decreasing pattern

ance, among other factors (Mackey & Currie, 2001).

of diversity either at high fire activity (i.e., intermediate disturbance

At the geographical scale, it is likely that the diversity–disturbance

hypothesis) or at high productivity (i.e., intermediate productivity

relationship depends on the type of disturbance and its history,

hypothesis). As mentioned above, this is because of (a) the coarse grain

because a disturbance with a long evolutionary history would have

of our spatial unit (ecoregions), (b) the fact that our global gradient

selected for a variety of species able to persist that disturbance. For

cross different species pools, and (c) the fact that high fire activity does

instance, fire is a disturbance with a very long evolutionary history

not necessarily imply high mortality.

(Pausas & Keeley, 2009), and recurrent fires have selected for specific
plant persistence traits (Keeley, Pausas, Rundel, Bond, & Bradstock,

2 | METHODS

2011, 2012). Indeed, there is microevolutionary evidence suggesting
that fire can drive phenotypic and genetic divergence within species
 mez-Gonzalez, Torres-Díaz, Bustos-Schindler, & Gianoli, 2011;
(Go
, Gonzalez-Martínez, & Pausas, 2013; PauHernandez-Serrano, Verdu
sas 2015a; Pausas, Alessio, Moreira, & Corcobado, 2012; Vandvik
et al., 2014). Likewise, macroevolutionary studies show the importance
of fire in the diversification of some plant lineages (Bytebier, Antonelli,
Bellstedt, & Linder, 2011; Crisp, Burrows, Cook, Thornhill, & Bowman,
2011; He, Lamont, & Downes, 2011; He, Pausas, Belcher, Schwilk, &
Lamont, 2012). Consequently, higher fire frequency does not equal
higher mortality, and thus the decrease in diversity at the high end of
the disturbance gradient (i.e., the intermediate disturbance hypothesis;
Huston, 2014) is unlikely in fire-prone ecosystems. In addition, fires
generate landscape mosaics where different species are at an optimum
at different times after a disturbance event (Cohn, Di Stefano, Christie,
Cheers, & York, 2015; Farnsworth, Nimmo, Kelly, Bennett, & Clarke,
2014). It is now well accepted that fire affects most regions worldwide
(although with different regimes) and has structured many communities
and biomes (Bond, Woodward, & Midgley, 2005; Krawchuk, Moritz,
Parisien, Van Dorn, & Hayhoe, 2009; Pausas & Keeley, 2009; Pausas &
 & Pausas, 2007). Thus, fire is likely to be a major
Ribeiro, 2013; Verdu
driver of plant diversity (Sauquet et al., 2009); however, most research
on plant diversity at a large scale has focused on other parameters
(e.g., climate, productivity, heterogeneity; Francis & Currie, 2003; Haw-

2.1 | Spatial unit
Our study units are the terrestrial ecoregions proposed by the World
Wildlife Fund (WWF; Olson, Dinerstein, & Wikramanayake, 2001). A
terrestrial ecoregion is defined as a relatively large unit of land containing a distinct assemblage of natural communities sharing a large
majority of species, dynamics and environmental conditions. These
ecoregions represent the original distribution of distinct assemblages of
species and communities (Olson et al., 2001). Ecoregions are a promising way to structure ecological and fire information at a global scale
because they are relatively homogeneous in climate and vegetation,
and so the within/between variability ratio and spatial autocorrelation
are both minimized in the main fire regime drivers (Pausas & Ribeiro,
2013). Thus, ecoregions should be a more ecologically based way of
aggregating biological information than arbitrary grid units. The original
WWF map included 827 ecoregions distributed in 14 biomes. We
exclude ecoregions that lack burnable vegetation, such as those in Antarctica and those dominated by rocks, ice and lakes, and ecoregions
where we did not have all the predictor variables (several small ecoregions). The final number of ecoregions considered was 753, distributed
in 14 biomes and accounting for 88.3% of terrestrial land.

2.2 | Data

kins et al., 2003; Kreft & Jetz, 2007; O’Brien, 2006). Fire could well be

Plant species richness for each ecoregion was obtained from Kier et al.

the driver that opens opportunities in many regions, even in high pro-

(2005). This represents a major effort in compiling vascular plant spe-

ductivity regions (e.g. Charles-Dominique, Beckett, Midgley, & Bond,

cies richness for all the world’s ecoregions. The data were obtained

2015). Despite the fact that both productivity and fire are supposed to

from many sources; the suitability and quality of the data for each

be major drivers of diversity, the relative role of each remains to be

ecoregion was rated from 1 (best quality) to 4 (poorest) by the com-

explored in detail (Huston, 2014; Burkle, Myers, & Belote, 2015). If fire

pilers. The estimated richness also includes some uncertainty, with a

is an important driver for the distribution of ecosystems (Bond et al.,

minimum and a maximum estimate value for each ecoregion, in
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addition to the main estimate. Another global source of plant informa-

was defined as the mean radiative power of each ecoregion over the

tion is the Global Biodiversity Information Facility (GBIF), which is a

15-year period (Kaufman et al., 1988; Wooster, Zhukov, & Oertel,

huge effort to compile localities for all world’s species. We downloaded

2003). The two variables (fire activity and radiative power) are some-

(GBIF.org, 18 April 2016) the records of spermatophytes (phaneroga-

what correlated (r 5 .68), probably because high radiative power can be

mae) that had geographical coordinates (fossil records excluded), cor-

produced by a high density of hotspots. Ecoregions with no fire during

rected synonyms and crossed the coordinates with the ecoregion map.

the time period were considered to have fire activity and radiative

This provides 109,140,607 plant records with correct data for the 753

power equal to 0.

ecoregions considered (median 5 7,040 records/ecoregion), from which

MODIS hotspots refer to recent fire regime (2000–15); however,

we counted the number of species in each ecoregion. This data set

they are a good indicator of the flammability or fire-proneness of a

includes aliens, as GBIF does not categorize records by their origin.

region; that is, despite fire regimes being strongly influenced by human

Information on the productivity, heterogeneity and temporal vari-

activities (increasing and decreasing fire activity in different ecosys-

ability of each ecoregion was obtained from the mean and variability of

tems; Bowman et al., 2011; Marlon et al., 2008; Pausas & Keeley,

remotely sensed normalized difference vegetation index (NDVI). The

2009, 2014), at the global scale and among regions, there is a signifi-

relationship between NDVI and vegetation variability and productivity

cant proportion of the variability that is explained by non-human

is well established (Pettorelli et al., 2005). Specifically, we used 16-day

factors, such as climate, productivity and vegetation structure (e.g.,

global NDVI images (resolution 5 0.058) from Febrary 2000 to July

 mez-Dans, & Bradstock, 2013; Parisien &
Archibald, Lehmann, Go

2015 (355 global images; MODIS MOD13C1 data set obtained from

Moritz, 2009; Pausas & Keeley, 2009; Pausas & Ribeiro, 2014). In fact,

the Land Processes Distributed Active Archive Center, USGS). Each

even for a given region with a given human impact, temporal variations

image was crossed with the ecoregion map, and for each ecoregion,

in fire activity are strongly influenced by changes in weather and cli-

we extracted the mean and the SD of the NDVI (i.e., mean and hetero-

matic conditions (e.g., Littell, McKenzie, Peterson, & Westerling, 2009;

geneity). These two values were averaged across the whole period to

Parisien & Moritz, 2009; Pausas & Paula, 2012).

obtain a mean NDVI value (productivity) and a mean spatial variability
(heterogeneity) for each ecoregion (hereafter, mean NDVI and spatial
NDVI variability). In addition, the 355 NDVI values for each ecoregion

2.3 | Analysis
Plant diversity was estimated as the logarithm of the ratio between the

were treated as a time series and decomposed into seasonality and

number of species in each ecoregion and the ecoregion area (in kilo-

trend (using the stats package of R); the SD of the trend (across the

metres squared). Plant diversity for each ecoregion obtained from Kier

entire period) was used as an indicator of the temporal variability (here-

et al. (2005) was highly correlated with the diversity value obtained

after, temporal NDVI variability). The same process was performed

from GBIF records (F 5 1325, d.f. 5 1, 785, p < .00001, R2adj 5 .63 for all

with the enhanced vegetation index (EVI); however, given the high cor-

ecoregions; F 5 758.4, d.f. 5 1, 138, p < .00001, R2adj 5 .85 for ecore-

relation between both indexes at the ecoregion scale (r 5 .964), all sub-

gions with the highest data quality). Given this high correlation and

sequent analyses were performed with NDVI only.

that the data from GBIF produced slightly less species, and also given

Additionally, to account for spatial and environmental variability
among ecoregions, we also considered the climatic information pro-

that the data set of Kier et al. (2005) is likely to be more homogeneous,
we used this latter set for most of our analysis.

vided by the WorldClim (Hijmans, Cameron, Parra, Jones, & Jarvis,

The plant diversity variable was normally distributed (Shapiro–Wilk

2005). Each WorldClim map (resolution 5 30 s, i.e., 0.0088) was crossed

test: W 5 .99, p 5 .69). As a preliminary analysis, we first related plant

with an ecoregion map to compute the mean value for each ecoregion.

diversity to fire activity using standard least-squares regressions, con-

An indicator of the fire regime of each ecoregion was obtained

sidering the three estimates of plant diversity (the main estimate, the

from MODIS hotspots (Collection 5 Active Fire Products; Giglio, 2013).

minimum and the maximum). To discard a possible humped response,

Specifically, we used the monthly hotspots from the Terra satellite as

quadratic responses (diversity against the square of fire activity) were

compiled in the Clima Modelling Grid at 0.58 of resolution

also tested. Plant diversity was then related to all the independent vari-

(MOD14CMH; data set downloaded from the University of Maryland,

ables using mixed-effects models. Given that global plant diversity may

U.S.A.) for the period from November 2000 to August 2015 (182

have a component related to the different biogeographical histories

images). Each image was crossed with the ecoregion map to obtain the

among continents (e.g., Adams & Woodward, 1989; Qian & Ricklefs,

number of hotspots (cloud-corrected fire pixels) and the mean radiative

1999; Ricklefs, Latham, & Qian, 1999), we used floristic realm (Austral-

power in each ecoregion and month. For each ecoregion, monthly data

asia, Afrotropic, Indomalaya, Nearctic, Neotropic, Oceania and Palearc-

were averaged across the entire period. Then, the fire regime of each

tic) as a random factor in our analyses. Using this mixed-effects model

region was approximated on the basis of two variables, fire activity and

approach, we fitted three set of models, as follows. (a) First, we fitted

radiative power. Fire activity was computed as the logarithm of the

plant diversity against the following variables independently (i.e., uni-

ratio between the average number of hotspots (active fires) and the

variate models): mean NDVI (productivity); spatial NDVI variability (het-

ecoregion area, and then rescaled from 0 to 1 (Pausas & Ribeiro, 2013);

erogeneity); temporal NDVI variability; biome (14 classes; which may

this value is a good indicator of the observed fire activity in the field

account for additional information not accounted by NDVI); climatic

(see validation exercise in Pausas & Ribeiro, 2013). Radiative power

(WorldClim) variables; and fire variables (fire activity and radiative
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power). Of the climatic variables, seasonality in temperature was the

weights 1, 0.8, 0.6 and 0.4, respectively). The relationship between

most significant variable related to plant diversity, and for the sake of

diversity and fire regime was also tested for the subset of the ecore-

simplicity, this is the variable reported here. (b) We then built a mutli-

gions with the highest quality (i.e., quality 5 1).

variate fire model by including the two fire-related variables and their

We evaluated the spatial autocorrelation (using Moran’s I statistic)

interactions. (c) We built a multivariate model to test whether fire

of the dependent variable and of the residual of the models fitted

regime was still significant once the other predictors were accounted

because geographically distributed data are prone to a high type I error

for in the model. To do that, we first fitted the NDVI and climatic varia-

(Legendre, 1993; Lennon, 2000). Strong spatial structure in the resid-

bles that significantly explained variability in plant diversity [step (a)

uals would suggest that closely located ecoregions do not provide inde-

above] and then tested whether fire activity, radiative power and the

pendent data points for testing long-distance effects, whereas a low

interaction still accounted for some unexplained variance (multivariate

autocorrelation of the residuals would imply that the regressions are

model). For the multivariate model, only variables that were highly sig-

unaffected by autocorrelation (Diniz-Filho, Bini, & Hawkins, 2003). Spa-

nificant (p < .0001) were included. Models were fitted with the maxi-

tial autocorrelograms were computed using NCF software (Bjornstad,

mum log-likelihood approach, and the selection was based on the

2009).

lowest Akaike information criterion (AIC) for models in which the likelihood ratio test was significant; we used the nlme library in R (Pinheiro,

3 | RESULTS

Bates, DebRoy, Sarkar, & R Core Team, 2016). In all the models, we
used the quality of the plant diversity data provided by Kier et al.

Global distribution of plant diversity and fire activity is shown in

(2005) as regression weight (quality 1, 2, 3 and 4 were transformed as

Figure 1. Plant species diversity was positively related to fire activity

Global maps of the plant diversity and fire activity indices by ecoregions. The intensity of the colours in each ecoregion is
related to the plant diversity (above; logarithm of the number of species divided by the ecoregion area) and fire activity (below; from
0 to 1)

FIGURE 1
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5

Plant diversity in each global ecoregion (the number of species divided by area, log scale) plotted against NDVI (left) and fire
activity (right), and including fitted lines. The two lines for the fire activity graph (right) refer to fitted lines for low radiative power (quantile
0.25, upper line) and high radiative power (quantile 0.75, lower line). The colours of the symbols are related to the NDVI value of the
ecoregion. For statistics, see Table 1. NDVI 5 normalized difference vegetation index

FIGURE 2

when computing diversity using the estimated number of species
(R2 5 .38, p < .0001, n 5 753), the minimum estimate (R2 5 .34,
p < .0001) or the maximum (R2 5 .41, p < .0001). A similar relationship
was observed when only the highest quality diversity data were con-

A summary of the mixed models where the variability in
global plant diversity (the number of species of each ecoregion
divided by the area, log scale) was tested against a set of predictors

T A B LE 1

sidered (R2 5 .28, n 5 130, p < .0001). The relationship between plant
diversity and fire activity was also highly significant when using GBIF
data (R2 5 .22, p < .0001 for all ecoregions; R2 5 .36 for ecoregions
with more than 0.1 record/km2). There was no evidence of a humpshaped relationship (Figure 2).
When compared with alternative variables using the mixed-effects
model, fire activity was the best single predictor of plant species diversity (i.e., the most parsimonious model, with the lowest AIC; Table 1a),
followed by biome, temperature seasonality (negative relationship) and
mean NDVI (positive relationship). Spatial and temporal variability of
NDVI were also significant (positive and negative, respectively), with
the former more important than the latter. For the fire model, the
explained variance increased significantly when radiative power and
interaction were added (Figure 2, Table 1b); the interaction between
fire activity and radiative power suggests that radiative power reduces
plant diversity, especially in ecoregions with relatively low fire activity
(Figure 2, Table 1b; distribution of residuals in Supporting Information
Figure S1a). When biome, seasonality and mean NDVI were included in
the diversity model, spatial and temporal NDVI variabilities were no
longer significant, whereas fire activity, radiative power and the
interaction still accounted for a significant proportion of the variability
(Table 1c; distribution of residuals in Supporting Information
Figure S1b).
Plant diversity and all predictor variables were spatially autocorrelated (Moran’s I values ranging from 0.45 to 0.75). The fitted models
successfully remove the spatial autocorrelation from the residuals
(I < .07; Figure 3), suggesting that a type I error in our results was
unlikely.

AIC

LR

p

(a) Univariate models
Null
FA
Biome[14]
Temperature seasonality
Mean NDVI
Spatial NDVI
Temporal NDVI
RP

1,480.39
1,208.83
1,239.38
1,318.49
1,303.13
1,439.14
1,479.64
1,476.00

273.56
267.01
163.90
179.26
43.25
10.39
6.39

<
<
<
<
<

2
1
1
2
1

.38
.39
.34
.30
.12
.07
.04

(b) Multivariate model: ﬁre
Null
FA
1 RP
1 FA 3 RP

1,480.39
1,208.83 273.56 < .0001 1
1,075.49 135.34 < .0001 2
970.00 107.49 < .0001 1

.38
.46
.54

(c) Multivariate model: full
Null
Mean NDVI
1 Biome[14]
1 Temperature seasonality
1 FA
1 RP
1 FA 3 RP

1,480.39
1,303.13
1,176.61
1,145.62
939.26
840.83
680.52

.30
.45
.50
.61
.65
.71

179.26
152.52
33.00
208.36
100.42
162.31

<
<
<
<
<
<

Trend R2

.0001
.0001
.0001
.0001
.0001
.0013
.0115

.0001
.0001
.0001
.0001
.0001
.0001

1

1
2
1
2
1

Note. Models include the floristic realm as a random factor, and the
accuracy of the plant data as weight. The Akaike information criterion
(AIC) and likelihood ratio test (LR) for each variable are shown, together
with the sign of the coefficient (trend). For illustrative purposes, the last
column provides the R2 value of the corresponding standard linear
model. Note that each variable is fitted independently in univariate models (a), but sequentially in multivariate models (b and c). For the mutivariate models, analysis of the residuals is provided in the Supporting
Information. FA 5 fire activity; RP 5 radiative power; NDVI 5 normalized
difference vegetation index; Bioma[14] refers to the 14 biomes defined
by Olson et al. (2001).
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regime also has limitations, especially the lack of a clear differentiation

0.5
Diversity
Fire model
Full model

0.4

Autocorrelation (Moran's I)

AND

among different fire spread types (i.e., crown versus surface fires) and
the clear meaning of the two fire regime variables at the coarse scale
considered. Low radiative power is likely to reflect surface fires,
although ecosystems with high activity of surface fires can generate

0.3

high radiative power. The fact that radiative power reduces plant diver0.2

sity in ecoregions with relatively low fire activity (Figure 2b) suggests
that fire intensity might be playing a role in affecting plant diversity.

0.1

Remotely sensed fire detection may be limited during periods and
zones featuring very thick cloud cover and for understory and peat

0.0

fires (Schroeder, Csiszar, & Morisette, 2008), and may be poor in
capturing small fires; data also account for a relatively short (15 years)

−0.1

temporal window. However, despite all these limitations, our results
show a clear pattern, suggesting that fire regime is a strong predictor
0

2000

4000

6000

8000

10000

12000

14000

Distance (Km)

Spatial correlogram (Moran’s I index) of plant diversity
in each ecoregion (thicker black line) and the residuals of the fire
and the full models (thinner lines; Table 1b and c, respectively)

FIGURE 3

of coarse-scale global plant diversity.
There are at least two (not mutually exclusive) mechanisms by
which fire may drive plant diversity at the scale and grain considered
here. The first is a selective process, as there is both micro- and macroevolutionary evidence suggesting that fire regime can drive population
divergence and diversification (Bytebier et al., 2011; Crisp et al., 2011;

4 | DISCUSSION

mez-Gonz
Go
alez et al., 2011; He et al., 2011, 2012; Hern
andezSerrano et al., 2013; Pausas, 2015a; Pausas et al., 2012; Vandvik et al.,

Productivity is a major driver of plant diversity. Diversity increases with

2014). The second process suggests that fire generates landscape

productivity, as has been widely reported in the literature, especially

mosaics and thus more habitat types and more niches likely to be filled

when analysing large geographical units (e.g., Coleman et al., 1982;

by different species (e.g., Bird, Bird, Codding, Parker, & Jones, 2008;

Gillman & Wright, 2006; Gillman et al. 2015; O’Brien, 2006; Rose-

Bond & Keeley, 2005; Cohn et al., 2015; Kelly et al., 2012; Parr &

nzweig, 1995). The spatial heterogeneity of the geographical units

Brockett, 1999); in this sense, fire would generate the biotic heteroge-

(ecoregions) was also a significant predictor of plant diversity, as

neity that drives diversity (Stein et al., 2014), as proposed by the

proposed in previous studies (Pausas et al., 2003; Stein et al., 2014).

‘pyrodiversity begets diversity’ hypothesis (Bowman et al., 2016;

Temporal variability showed a negative relationship with diversity,

Martin & Sapsis, 1992). The fire-driven alternative states in a given cli-

which probably accounts for the well-known latitudinal gradient

mate are a clear example of fire-generated landscape mosaic that

(Gillman et al., 2015; Rosenzweig, 1995). However, fire activity was the

enhance regional diversity (Dantas, Batalha, & Pausas, 2013; Dantas

best single parameter accounting for variability in plant diversity (i.e., it

et al., 2016). For instance, savannas and forests harbour different spe-

was the variable that generated the largest reduction in AIC; Table 1a).

cies, and fires generates savanna–forest mosaics with high regional

Even after including major biodiversity drivers in the model (productiv-

diversity; and these fire-driven vegetation mosaics are not restricted to

ity, heterogeneity, seasonality and even biome), fire regime (i.e., fire

tropical ecosystems (Pausas, 2015b). There are regions with climatic

activity, radiative power and the interaction) still accounted for a signif-

conditions that could potentially have forests, but they have

icant variability (Table 1c). In addition, the relationship is not humped

biodiversity-rich savannas maintained by fires (Bond & Parr, 2010).

(as predicted by the intermediate disturbance hypothesis), because of

With our data, we cannot assess the relative role of selective processes

the large biogeographical scale of the study (coarse grain and among

versus the coexistence in landscape mosaics, but both processes are

species pools) and the low fire mortality in fire-prone ecosystems. Con-

likely to be important. In fact, the two processes are linked, as land-

sequently, at the global scale, disturbance and productivity are both

scape mosaics are an appropriate framework for population divergen-

important axes of plant diversity (Huston, 2014).

ces and selective processes in fire-prone ecosystems (Castellanos,

The accuracy of the global plant diversity data is certainly limited,

Gonzalez-Martínez, & Pausas, 2015; Pausas, 2015b; Simon et al., 2009;

but it was compiled independently of the fire information, and thus a

Talluto & Benkman, 2013); that is, our results suggest that fire gener-

bias with regard to fire regime is unlikely; a reanalysis with the subset

ates the appropriate conditions for a large variety of plants in many

of ecoregions that have the most accurate data does not change our

regions worldwide. Furthermore, animal diversity is also enhanced by

result. Furthermore, the models are very similar (significant and with

landscape mosaics (Bond & Parr, 2010; Bowman et al., 2016; Law &

the same signs) if we use the plant diversity obtained from GBIF.

Dickman, 1998; Ponisio et al., 2016), because different plant commun-

Another limitation is that ecoregions are unlikely to be homogeneously

ities generate diferent niches for fauna (Hutchinson, 1957; MacArthur

defined across the globe, but it is probably the current best approach

& MacArthur, 1961; Stevens & Tello, 2011) and opportunities for spe-

for an ecologically defined global map. Our approximation of fire

cies interactions (Janz, Nylin, & Wahlberg, 2006; Ponisio et al., 2016).
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Thus, fire regime is also likely to be associated with animal and total
diversity at the global scale, although further research is needed.
Global remote sensing tools with thermal sensors (e.g., MODIS)
provided a magnificent and unprecedented view of the importance of
fires at the global scale (‘the fire overview effect’). These tools have
been used mainly for studying fire regimes and estimating fire emissions at the global scale (Archibald et al., 2013; van der Werf et al.,
2010). Here, we combine this technology with global species richness
data to provide first global assessment of the importance of fire as a
major determinant of species diversity. Fires delay competitive exclusion, increase landscape heterogeneity and generate new niches for a
diversity of species. Although the response to fire at the local scale
varies among biomes and ecosystems, a world without fires would
probably be less diverse. Previous research emphasized the importance
of environmental factors related to the water–energy balance (e.g.,
Francis & Currie 2003; Hawkins et al., 2003; O’Brien, 2006) to explain
global diversity. Our results do not deny the importance of these
parameters but suggest that fire regime may have been overlooked
when interpreting global diversity patterns, as it is a driver generating
temporal and spatial variability; that is, fire needs to be considered to
understand not only global ecosystem distributions (Bond et al., 2005),
but also their diversity.
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