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ABSTRACT

 

Aim

 

To consider the role of local colonization and extinction rates in explaining the
generation and maintenance of species richness gradients at the regional scale.

 

Location

 

A Mediterranean biome (oak forests, deciduous forests, shrublands,
pinewoods, firwoods, alpine heathlands, crops) in Catalonia, Spain.

 

Methods

 

We analysed the relative importance of direct and indirect effects of
community size in explaining species richness gradients. Direct sampling effects
of community size on species richness are predicted by Hubbell’s neutral theory of
biodiversity and biogeography. The greater the number of individuals in a locality,
the greater the number of species expected by random direct sampling effects.
Indirect effects are predicted by the abundance–extinction hypothesis, which states
that in more productive sites increased population densities and reduced extinction
rates may lead to high species richness. The study system was an altitudinal gradient
of forest bird species richness.

 

Results

 

We found significant support for the existence of both direct and indirect
effects of community size in species richness. Thus, both the neutral and the
abundance–extinction hypotheses were supported for the altitudinal species rich-
ness gradient of forest birds in Catalonia. However, these mechanisms seem to drive
variation in species richness only in low-productivity areas; in high-productivity
areas, species richness was uncorrelated with community size and productivity
measures.

 

Main conclusions

 

Our results support the existence of a geographical mosaic
of community-based processes behind species richness gradients, with contrasting
abundance–extinction dynamics and sampling effects in areas of low and high
productivity.
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INTRODUCTION

 

Geographical variation in species richness and its relationship

with energy availability is a classic and widely debated topic in

ecology (Wallace, 1878; Hutchinson, 1959; Brown, 1981; Wright,

1983; Currie, 1991; Rosenweig, 1995; Waide 

 

et al.

 

, 1999; Rahbek

& Graves, 2001; Jetz & Rahbek, 2002; Willig 

 

et al.

 

, 2003; Currie

 

et al.

 

, 2004; Evans 

 

et al.

 

, 2005a). A global linear relationship

between productivity measures and species richness has been

described for birds (Hawkins 

 

et al.

 

, 2003a), adding support to the

species–energy hypothesis over other hypotheses proposed

to explain richness patterns at large spatial scales. However,

the question of which processes increase species richness in more

productive areas is still a matter of debate (see Evans 

 

et al.

 

, 2005a

for a review).

Recently it has been argued that large-scale species richness

gradients should be understood as the combined outcome of

both historical and ecological processes (Ricklefs & Schluter,

1993, Wiens & Donoghue, 2004). Consideration of the processes

of speciation, dispersal, extinction and colonization in an
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integrated ecological and historical perspective should provide

a more comprehensive view of the generation and maintenance of

the species richness gradients (Evans 

 

et al.

 

, 2005b, Hawkins 

 

et al.

 

,

2006). Phylogenetic information has also been incorporated into

the analyses of global bird species richness gradients, and this has

provided a way to test the historical effect of differential speciation

and extinction of different clades on the present-day gradients.

Hawkins 

 

et al.

 

 (2006) showed that the global bird species richness

gradient has a strong phylogenetic signal that might be inter-

preted as the preferential extinction of basal clades adapted to

wet and warm climates during the cooling period of the Miocene

in extra-tropical areas, and the diversification in these zones of

more derived clades, adapted to colder and drier niches (e.g. high

tropical mountains). Thus, there is a strong historical signal in

the present-day latitudinal gradients, but the question of which

ecological mechanisms have maintained the shape of the gradient

for more than 20 Myr remains unsolved. These mechanisms should

concern dispersal, colonization and extinction in a temporal

perspective.

To study the ecological mechanisms that maintain bird species

richness gradients at an ecological time-scale we should limit

our approach to a study zone with the following attributes. First,

it should be a geographical region in which a strong bird species

richness gradient is correlated with productivity measures.

Second, a measure of extinction and colonization rates for each

locality should be available. Third, spatial variation in species

richness should not be associated with changes in the phylo-

genetic structure along the gradient. In other words, phylogenetic

variation should not be collinear with productivity along the

gradient. This should permit the interpretation of the results in

terms of a purely ecological time-scale. Fourth, there should not

be a strong dispersal limitation that precludes immigration of

species from the regional pool to any point of the gradient. This

will exclude the influence of historical dispersal clines (Hawkins

 

et al.

 

, 2006) in the interpretation of current patterns. Fifth, only

one habitat functional group should be considered (i.e. forest,

wetland or farmland birds), avoiding the overlap of different

trends associated with habitat preferences along the gradient

(Fuller 

 

et al.

 

, 2005).

In a region with the characteristics described above, it should

be possible to analyse the effects of colonization and extinction

rates on the maintenance of the gradient. Here we use such a

system to evaluate two mechanisms — the abundance–extinction

hypothesis and the abundance–colonization hypothesis —

which may contribute to the maintenance of a bird species rich-

ness gradient that is associated with productivity measures and

community size. The two hypotheses consider colonization and

extinction processes on the ecological time-scale. Both mechanisms

postulate that increased productivity allows the maintenance of a

greater number of individuals (community size, or 

 

J

 

 hereafter) in

a given locality, but the two hypotheses differ in the role played

by the processes of extinction and colonization.

The abundance–colonization hypothesis states that localities

with higher community sizes (more productive sites) will be

preferentially selected as breeding places [by the effect of hetero-

specific attraction among forest birds (Mönkkönen 

 

et al.

 

, 1990;

Mönkkönen & Forsman, 2002) or other processes] leading to

an increase in colonization rates and species richness. The

abundance–extinction hypothesis (Kaspari 

 

et al.

 

, 2003; Evans

 

et al.

 

, 2005a) asserts that localities with higher community sizes

(or more productive sites) will support increased population

densities, and a reduced proportion of species that become

extinguished.

These two hypotheses address the existence of indirect effects

of community size on local species richness through the increase

of the proportions of extinctions and colonizations, respectively.

However, as predicted by the neutral theory of biodiversity and

biogeography (Hubbell, 2001), community size may have direct

effects on species richness not associated with the variation in

proportions of extinction or colonization. Neutral theory is

a sampling theory (Hubbell, 2001; Alonso & McKane, 2004;

Etienne, 2005; Etienne & Alonso, 2005; Alonso 

 

et al.

 

, 2006),

which predicts reductions in species richness associated with a

decrease in the total number of individuals that a locality holds

(that is community size or 

 

J

 

). Local community size is an important

parameter when considering the sampling effects of the neutral

theory. For instance, Hubbell (2001, p. 90) defined 

 

E

 

{

 

N

 

i

 

}, the

expected local abundance of species 

 

i

 

 (under the ergodic model

with migration), to be equal to

 

E

 

{

 

N

 

i

 

} 

 

=

 

 

 

JP

 

i

 

where 

 

J

 

 is equal to the local community size and 

 

P

 

i

 

 is the meta-

community relative abundance of the 

 

i

 

th species. In a larger local

assemblage (larger 

 

J

 

), a greater number of rare species will be

represented (

 

E

 

{

 

N

 

i

 

} 

 

≥

 

 1). Thus, in theory, neutral sampling effects

are directly associated with local variations in community size.

Here we analyse the species richness gradient of forest birds

occurring in Catalonia to test the role of colonization and extinction

rates in the maintenance of the species richness gradient. Our aim

is to evaluate the relative role of direct sampling effects and indirect

effects through rates of extinction and colonization in the dynamic

processes that shape an altitudinal species richness gradient.

 

METHODS

Study area

 

Catalonia is a region located in the north-east of Spain with an

area of 31,930 km

 

2

 

 and a complex and remarkably varied land-

scape. Altitudes range from 0 to 3115 m (summit of La Pica

d’Estats). The average altitude of the region is around 700 m.

Plains are scarce and usually small; upland areas occupy most of

the territory (Estrada 

 

et al.

 

, 2004). Catalonia is a Mediterranean

region that matches all the pre-requisites enumerated above to

evaluate the hypotheses behind species richness gradients. First,

the region presents a hump-shaped altitudinal species richness

gradient that is well correlated with productivity surrogate

measures [normalized difference vegetation index (NDVI); Kerr

& Ostrovsky, 2003)] and community size counts (see Results).

Second, rates of colonization and extinction may be calculated

by analysing the two surveys carried out along the altitudinal
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gradient in the last century (1980–83; Muntaner 

 

et al.

 

, 1984,

1999–2002; Estrada 

 

et al.

 

, 2004). Third, the richness gradient is

not associated with changes in the phylogenetic structure along

the gradient (see below). Fourth, there are no strong dispersal

limitations along the gradient, the bulk of species (70%) are

distributed along all of the gradient (high, medium and low

altitudinal bands) and the remaining 30% of the species are

distributed in at least two of these zones (high and medium

altitudinal bands or low and medium altitudinal bands). The

regional scale of the study and the lack of large deforested areas

that may act as dispersal barriers support examination of the

gradient as a single biogeographical unit. Fifth, the study

includes a single functional habitat category (forest birds)

and thus excludes the noise introduced by the mixture of dif-

ferent geographical trends associated with several habitat

functional groups in a single species richness variable (Fuller

 

et al.

 

, 2005).

 

Bird data

 

Bird species richness data for Catalonia were obtained from the

Catalan Breeding Bird Atlas, a project of the Catalan Institute

of Ornithology (see Estrada 

 

et al.

 

, 2004, for detailed information

on the census procedures used). The Catalan Breeding Bird Atlas

project used a standardized 10 

 

×

 

 10 km grid system based on a

UTM projection covering the region. Presence/absence data were

obtained at two different resolutions. First, surveys at each of the

10 

 

×

 

 10 km squares were conducted in two different time periods:

 

t

 

0

 

, 1980–83 and 

 

t

 

1

 

, 1999–2002 (Estrada 

 

et al.

 

, 2004; see also

Hagemeijer & Blair, 1997; Bibby 

 

et al.

 

, 2000; Martí & del Moral,

2002). Second, within each of the 10 

 

×

 

 10 km squares, a subsample

of five to ten 1 

 

×

 

 1 km squares were surveyed for a total of 2 h

during the period 

 

t

 

1

 

 (1999–2002). This approach is similar to

that used in the British and Swiss ornithological atlases (Gibbons

 

et al.

 

, 1993, Schmid 

 

et al.

 

, 1998, Estrada 

 

et al.

 

, 2004) and allowed

a time-controlled, detailed survey of nearly 10% of the total

land surface considered in this study (30,900 km

 

2

 

, nearly all of

Catalonia’s area) at a lower resolution. In order to reproduce as

accurately as possible the environmental heterogeneity of each

10 

 

×

 

 10 km square, 1 

 

×

 

 1 km squares were selected by the observers

to proportionally represent habitat variability within 10 

 

×

 

 10 km

squares. Sampling effort for each 10 

 

×

 

 10 km square in terms of

effective surveying time was estimated from species-sampling

time accumulation curves (see Estrada 

 

et al.

 

, 2004, for detailed

results)

 

.

 

 The total number of individuals in a given square was

obtained from 1999–2002 survey data.

We calculated colonization and extinction numbers in each

10 

 

×

 

 10 km grid cell by comparing the number of species occurring

in each of the two periods analysed (

 

t

 

0

 

, 1980–83 and 

 

t

 

1

 

, 1999–

2002, Estrada 

 

et al.

 

, 2004). The colonization rate was calculated

by estimating the proportion of species in 

 

t

 

1

 

 not detected in

 

t

 

0

 

, while the extinction rate corresponded to the proportion of

species per 10 km square detected in 

 

t

 

0

 

 but not observed later in

 

t

 

1

 

. Data for colonization and extinction rates were only available

at 10 km grain size and thus models using these variables were

performed only at this grain size.

 

Altitudinal bands and spatial grain

 

To explore the geographical variation in abundance–extinction

and abundance–colonization dynamics along the altitudinal

gradient, we divided the study zone into contiguous altitudinal

bands of different amplitude: (1) one band covering all the range

(0–3100 m); and (2) three bands of equal width (0–1033, 1033–

2066 and 2066–3100 m). A model selection analysis was inde-

pendently performed for each band. To account for grain effects,

analyses were carried at grain sizes of 1 

 

×

 

 1 km and 10 

 

×

 

 10 km

when using environmental data. This is recommended if we

consider the existence of important interactions between spatial

grain, species richness, productivity and altitude. For instance,

productivity is a better predictor of species richness at finer

spatial resolutions, but elevation range becomes increasingly

important for predicting species richness at coarser spatial

resolutions (Fraser, 1998; Rahbek & Graves, 2001; van Rensburg

 

et al.

 

, 2002; Hurlbert & Haskell, 2003). The central band (1033–

2066 m) sustains significantly higher NDVI values than the

other two altitudinal bands (0–1033 and 2066–3100m) (Tukey–

Kramer test, 

 

P

 

 < 0.0001).

 

Phylogenetic structure along the altitudinal gradient

 

We reviewed the existing phylogenetic information available

at the family level for the species present in the area (Sibley

& Alquist, 1990; Fain & Houde, 2004; Barker 

 

et al.,

 

 2004;

Jønsson & Fjeldså, 2006). Bird fauna present at each altitudinal

band (presence/absence data) were compared by correspond-

ence analyses using the JMP package at the family level (http://

www.jmp.com/). For each species, we calculated the familial

root distance (Hawkins 

 

et al.

 

, 2006), that is, the number of nodes

separating each species’ family from the base of a phylogenetic

tree. The tree phylogeny was compiled from Barker 

 

et al.

 

 (2004)

for passerines and Fain & Houde (2004) for other orders.

 

Analyses

 

The abundance–colonization hypothesis predicts that colonization

rates will be positively and significantly correlated with com-

munity size counts (prediction C1, Table 1; note that community

size refers to the total number of individuals in a grid cell in the

1999–2002 survey). Similarly, the abundance–extinction hypothesis

predicts a negative and significant correlation between extinction

rates and community size (prediction E1, Table 1). The existence

of significant associations between those variables is a necessary

requirement of the mechanisms examined here.

First, we modelled colonization and extinction rates as a

function of community size (generalized least squares models;

Crawley, 2002). Our aim was to test for an association between

extinction or colonization rates and community size (Fig. 1a,

abundance dependence) and to examine the shape of the

relationship (Fig. 1b).

Second, to address the effects of the abundance–extinction

and abundance–colonization mechanisms on determining

species richness patterns along the altitudinal gradient, we

http://www.jmp.com/
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applied a model selection approach to the possible variants of the

following model:

 

S

 

 

 

=

 

 

 

β

 

1

 

J

 

 

 

+

 

 

 

β

 

2

 

(1 

 

−

 

 

 

E

 

) 

 

+

 

 

 

β

 

3

 

C

 

 

 

+

 

 

 

β

 

4

 

 

 

J

 

*(1 

 

−

 

 

 

E

 

) 

 

+

 

 

 

β

 

5

 

 

 

J

 

*

 

C

 

 

 

+

 

 

 

β

 

6

 

(1 

 

−

 

 

 

E

 

)*

 

C

 

 

 

+

 

 β7 J*(1 − E)*C

where S is species richness, J is community size, E is extinction

rate and C is colonization rate. The abundance–extinction mech-

anism was supported if the interaction term J*(1 – E) acted as a

good predictor of the geographical variation of species richness

counts (prediction E2, Table 1) and was preferentially selected.

The abundance–colonization mechanism was supported if

the interaction term J*C was significant (prediction C2, Table 1).

All the analyses were carried out first for the entire gradient,

and then by subdividing it into three altitudinal bands.

Third, we performed a path analysis to deconstruct the causal

relationships between community size ( J), species richness (S),

extinction rates (E) and colonization rates (C). This enabled us

to examine the relative strength of direct community size effects

on species richness (predicted by the neutral sampling hypothesis)

versus the indirect effects (predicted by the abundance–

extinction or abundance–colonization hypotheses). The vari-

ance explained by each path reflects the influence of each of the

mechanisms proposed here (Mitchell, 1992; Sol et al., 2005)

(predictions E3, C3, N2, Table 1).

Finally, we complemented the analysis by modelling species

richness with environmental data (climate and landscape cover

data). Environmental data modelling allowed the evaluation of

the association with landscape cover variables, productivity

surrogate variables, temperature variables and species richness

along the whole altitudinal gradient and within altitudinal bands.

Environmental modelling was also performed for community

size as a dependent variable. If the mechanisms under examination

are operative, we expect that productivity surrogates (NDVI)

and forest habitat availability variables will be associated with the

variation of species richness.

The step function in the R statistical package (R Development

Core Team, 2004) was used to select models based on the Akaike

information criterion (AIC). All models were corrected for

spatial autocorrelation by updating base models with geo-

graphical coordinates and accounting for spatial covariance

using spherical, Gaussian or exponential theoretical covariance

functions in which covariance parameters are specified (Crawley,

2002). We plotted a semi-variogram of non-spatial models to

obtain values of the spatial covariance parameters (nugget, sill

and range) and improve convergence. The adequacy of spatially

corrected models was checked by inspection of the sample

variogram for the normalized residuals. Constancy in the vari-

ance was checked by plotting normalized values against fitted

values. Effective sampling effort variables derived from species–

Figure 1 Summary of some of the patterns expected when 
analyzing extinction–abundance relationships: (a) abundance 
dependence (significant association) or independence; (b) types 
of responses.

Table 1 Hypotheses and predictions tested.

Hypothesis Theory (T) and predictions (P)

Abundance–

colonization hypothesis

T: Localities with higher community sizes will show an increased proportion of colonization events and sustain increased 

species richness for this reason

P C1: Colonization rates are positively and significantly correlated with community size

P C2: When modelling species richness, the interaction term J*C  will be a good predictor of species richness variation and 

will be included in a model selection process

P C3: A path analysis will indicate that indirect effects of community size through colonization rates in species richness are 

significant

Abundance–

extinction hypothesis

T: Localities sustaining higher community sizes will show reduced extinction rates and thus increased species richness

P E1: Extinction rates will be negatively and significantly related to community size

P E2: The interaction term J*(1 − E) will be a good predictor of species richness variation and will be included in a model 

selection process

P E3: A path analysis will show that indirect effects of community size through extinction in species richness rates are 

significant

Neutral 

sampling hypothesis

T: Species richness will be higher in those localities that sustain an increased number of individuals (higher community 

sizes) by direct neutral sampling effects from the biogeographic pool

P N1: Species richness patterns will be successfully predicted by neutral sampling models that incorporate community size 

as a key variable

P N2: Path analysis will indicate that direct effects of community size (J) on species richness (S) are significant
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time curves were included in the models as independent

variables.

We obtained environmental data from several digital sources:

(1) NOAA satellite; (2) Departament de Medi Ambient de la

Generalitat de Catalunya (DMAH) (http://mediambient.

gencat.net); (3) Universitat Autònoma de Barcelona (UAB)

(http://magno.uab.es/atles-climatic/); (4) Institut Cartogràfic de

Catalunya (ICC) (http://www.icc.es/); and (5) Institut Català

d’Ornitologia (ICO) (http://www.ornitologia.org/monitoratge/

atles.htm). From these digital sources we calculated climatic vari-

ables (from 3; mean annual temperature, winter and summer

temperature, annual rainfall and summer rainfall), geographical

variables (from 4; latitude, longitude, altitude, and slope vari-

ance), productivity surrogate variables (from 1; NDVI, NDVI

temporal variation) and landscape cover uses (from 1, 2; conifer

forest, deciduous forest, fir forest, oak forest, shrub, wetland,

urban, bare ground, irrigated crops, dry fruit crops, irrigated

fruit crops, alpine meadows, herbaceous meadows). NDVI data

were calculated from the NOAA satellite, using the time series of

April–July 2002. This time period corresponded approximately

to the bird breeding season. Source data were obtained at 1 km of

spatial resolution.

RESULTS

Phylogenetic structure along the altitudinal gradient

The correspondence analysis showed no evidence that altitudinal

bands differ in the proportion of species belonging to different

taxonomic families, suggesting few phylogenetic effects on spe-

cies distribution. The unique exceptions were Oriolus oriolus

(family Oriolidae), which is absent from the 2066–3100 m band,

and Remiz pendulinus (Remizidae), a species restricted to low-

altitude riparian forests in the 0–1033 m band. Altitudinal bands

presented very similar familial root distance distributions that

do not differ in their mean root distance (Tukey–Kramer test,

P > 0.1). We concluded that any phylogenetic trend associated

with the altitudinal gradient was observed.

Correlations between J, E and C (predictions E1 
and C1)

The region presents a hump-shaped altitudinal species richness

gradient that is well correlated with productivity surrogate

measures (NDVI) and community size counts (Fig. 2).

Colonization rates (C) were not associated with community

size measures (J), but the contrary was observed in extinction

rates (E) (Fig. 3). However, this association varied along the

altitudinal gradient. An association between extinction rates and

community size was only observed in the low-productivity alti-

tudinal bands (0–1033 and 2066–3100 bands), and was strongest

in the high-altitude zones (2066–3100 band; Table 2 & Fig. 3).

These significant relationships appeared to be linear (Fig. 1b,

types of responses). Altitudinal bands differed in the range of

community size values shown (Tukey–Kramer test, P < 0.0001)

but not in the mean of extinction rate values. We concluded that

there is empirical support for the extinction–abundance hypo-

thesis only for the low-productivity altitudinal bands (prediction

E1, Table 1).

No significant differences were observed in mean extinction

rates along the altitudinal gradient (Tukey–Kramer test, P = 0.11;

Fig. 4). On the contrary, colonization rates increased with

altitude (r2 adjusted: 0.11, P < 0.0001) and the lower altitudinal

band (0–1033 m) presented significantly lower colonization rates

(Tukey–Kramer test, P < 0.0001).

Figure 2 Patterns of the co-variation between altitude and 
(a) species richness, (b) community size and (c) NDVI.

http://mediambient.gencat.net
http://magno.uab.es/atles-climatic/
http://www.icc.es/
http://www.ornitologia.org/monitoratge/atles.htm
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Model selection (predictions E2 and C2)

The interaction term J*(1 − E) was selected in the modelling

process for the low-productivity altitudinal bands (0–1033 and

2066–3100 m) giving support to the abundance–extinction

hypothesis on these areas (prediction E2, Table 3).

Path analysis (predictions N2, E3 and C3)

Indirect effects of community size on species richness through

extinction rates were significant and supported by the path

analysis only for low-NDVI regions (prediction E3), supporting

the abundance–extinction hypothesis in these areas (Fig. 5). On

the other hand, direct effects were supported only at the lowest-

altitude region (0–1033 m) (prediction N2). In that region,

direct sampling effects seem to explain the bulk of the variation

in species richness. The direct effects of community size in the

Figure 3 Extinction–abundance and colonization–abundance 
relationships for the three altitudinal bands (0–1033 m, dotted line; 
1033–2066 m, dashed line, white dots; 2066–3100 m, black line, 
black dots). Significant associations (abundance dependence) are 
indicated with thicker lines. Only black and dotted lines in the 
extinction plot represent significant fits.

Table 2 Models predicting extinction and colonization rates as a function of community size values. All colonization rates models were 
non-significant and are not shown.

Altitude 

band width Grain

Dependent 

variable

Independent 

variable β DF AIC R2 adj. P

One band 10 km E0−2500 J −4.85 × 10−6 ± 7.93 × 10−7 307 −297.03 0.13 < 0.0001

Three bands 10 km E0−1033 J −5.4 × 10−6 ± 8.9 × 10−7 233 −204.19 0.17 < 0.0001

E1033−2066 J — 55 — — n.s.

E2066−3100 J −1 × 10−5 ± 2 × 10−6 15 −1.7 0.6 < 0.0001

DF, error degrees of freedom; AIC, Akaike information criterion.

Figure 4 Results of the Tukey–Kramer tests comparing mean 
extinction and colonization rates for three altitudinal bands. Each 
pair of group means may be compared visually by examining how 
the comparison circles intersect. The outside angle of intersection 
indicates whether group means are significantly different. Circles for 
means that are significantly different either do not intersect or 
intersect slightly so that the outside angle of intersection is less than 
90°. If the circles intersect by an angle of more than 90°, or if they are 
nested, the means are not significantly different.
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high-altitude band were marginally non-significant, but this

might be attributed to a type II error due to the low sample size

(n = 17). Interestingly, for the higher-NDVI band (1033–2066 m),

species richness was not correlated with community size meas-

ures, whereas the contrary happened for the low-NDVI bands

(0–1033 and 2066–3100 m).

Environmental modelling

The species richness model fit varied significantly along the

altitudinal gradient and different variables were selected depend-

ing on the altitudinal band considered. The models explained a

lower amount of variation in the high-productivity band (Table 4).

Within this band (1033–2066 m), species richness was only

weakly associated with productivity and measures of forest

habitat availability (% of forested area) or with any other pre-

dictor variable. On the other hand, in low-productivity zones

(0–1033 and 2066–3100 m bands), species richness was strongly

associated with productivity and measures of forest habitat

availability.

Temperature was only selected as a predictor of species

richness at the coarser grain size (10 km), and showed distinct

associations depending on the altitudinal band considered.

Community size was positively associated with habitat avail-

ability measures (percentage of forest cover types) and productivity

surrogate measures (NDVI) and negatively related to areas of

open space (irrigated croplands, alpine meadows). The models

explained a lower amount of variation in the high-productivity

band, in line with the trend observed in the species richness models.

DISCUSSION

The species richness relationship of forest birds in Catalonia

shows a clear altitudinal geographical structure, with matching

hump-shaped altitudinal patterns in productivity surrogates

(NDVI), community size and species richness variables. How-

ever, the pattern and strength of the associations among these

three variables varies along the altitudinal gradient. NDVI and

community size were strongly associated with species richness

only at the extremes of the gradient (low-productivity altitudinal

bands). In these areas, variation of species richness can be

explained by direct sampling effects associated with variation in

community size, as predicted by the neutral theory (Hubbell,

2001). However, our results suggest that indirect effects of com-

munity size on the extinction rate may contribute to explaining

the number of species that a locality holds. Thus, our results

support two specific mechanisms that might be underlying

the pattern and are in line with the abundance–extinction

hypothesis and the sampling hypothesis.

Table 3 Results of the model selection approach using colonization, extinction rates and community size variables and their interactions.

Altitude 

band (m)

Dependent 

variable

Independent 

variables DF β values AIC R2 adj. P

0–1033 S J*(1 − E) (1 − E) 232 4 × 10−4 6.16 769.89 0.63 < 0.0001

1033–2066 S  (1 − E) 55 29.15 184.06 0.28 < 0.0001

2066–3100 S J*(1 − E) 15 4.8 × 10−4 50.97 0.50 < 0.0001

All bands S J*(1 − E) (1 − E) 306 4.3 × 10−4 9.51 1086.74 0.54 < 0.0001

DF, error degrees of freedom; AIC, Akaike information criterion.

Figure 5 Path diagram of expected causal effects of extinction rate, 
colonization rate and community size on avian species richness. 
Bold arrows with asterisks indicate path coefficients that are 
significant at the level P < 0.001. The variance in species richness 
unexplained by the model is referred to as U.
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We found no support in favour of the abundance–colonization

hypothesis. This was not unexpected. Evans et al. (2005b) simi-

larly found no evidence that species–energy relationships are a

consequence of higher colonization rates in high-energy areas

(abundance–colonization hypothesis). Our results are consistent

with their main conclusions. Furthermore, Evans et al. (2005b)

showed that colonization rates in some functional groups

might vary significantly with energy availability, but negatively,

in contrast to the predictions of the abundance–colonization

hypothesis. In other functional groups, Evans et al. (2005b)

found no relationship between colonization rates and energy

availability, coinciding with the patterns described in our study.

The divergence in the spatial dynamics of colonization and

extinction rates is not surprising, especially if one considers the

results of recent work on the topic (Gaston & Blackburn, 2002;

Evans et al., 2005b). For instance, Gaston & Blackburn (2002)

showed that both variables are associated differently with popu-

lation size, body size, natal and breeding dispersal and range size

(see also Paradis et al., 1998).

A number of the mechanisms proposed to generate the

species–energy relationship assume a positive association

between community size and species richness (Evans et al.,

2005a). Our results suggest that these mechanisms may be

driving variation in species richness only in low-productivity

areas, where the association between community size and species

richness is significant, and thus qualitatively different processes

may be determining variation in species richness in high-

productivity regions (Kerr & Packer, 1997; and see Lavers &

Field, 2006). This is consistent with the observed decrease in

the predictability of species richness for the high-productivity

altitudinal band when modelling with environmental data.

Environmental models for the whole gradient suggest that

productivity and habitat availability are the main factors deter-

mining variation in richness over the whole gradient (Wright,

1983; Hawkins et al., 2003b; Lavers & Field, 2006). However,

the analyses conducted within altitudinal bands suggest that

the dynamics in high- and low-productivity regions differ. Vari-

ation in species richness is tightly constrained by community size

and productivity surrogates only in low-energy regions. Richness

is poorly related to community size and NDVI variation in

high-productivity regions.

Furthermore, our results suggest that local variation in extinc-

tion rates in low-NDVI areas might explain some of the geo-

graphical variation in species richness. This suggests the

existence of a geographical mosaic in the association between

extinction rates and community size, indicating that processes

determining abundance–extinction relationships and variation

in species richness vary geographically in a qualitative way.

The idea of the existence of geographical mosaics in the

processes governing richness is not a completely novel idea.

Kerr & Packer (1997), in a study of the environmental variables

associated with variation in species richness in the mammals of

North America, concluded that ‘the species–energy hypothesis

applies to North American mammals only over a limited geo-

graphical area in which climatic energy levels are low, rather than

on continental scale as was previously been accepted’ (Kerr &

Packer, 1997). Similarly, at the global or continental scale the idea

of the existence of geographical shifts in the variables associated

with species richness gradients has been extensively debated, and

empirical support was found in favour of the water–energy

dynamics hypothesis (O’Brien, 1998; Whittaker & Field, 2000;

Hawkins et al., 2003b).

Our results are in line with the historical phylogenetic signal

that indicates that numerous extinction processes in basal clades

(adapted to warm and humid climates) might have occurred in

extra-tropical regions during the cooling period of the Miocene,

which was accompanied by strong reductions in ecosystem

productivity and habitat availability (Hawkins et al., 2006). The

patterns reported here suggest that the abundance–extinction

hypothesis is a plausible mechanism that might explain the

Table 4 Results of the model selection approach using environmental variables.

Altitude 

band width Grain

Dependent 

variable Independent variables DF AIC R2 adj. P

All gradient 1 km S0−3100 NDVI + Conifer − Herb.Meadow 3073 9641 0.39 < 0.0001

10 km S0−3100 Conifer + NDVI − Irr.Crop 305 1879.45 0.64 < 0.0001

J0−3100 Conifer + NDVI − Irr.Crop − (Temp)2 + Temp 303 6058.44 0.81 < 0.0001

Three bands 1 km S0−1033 NDVI + Conifer − Herb.Meadow 2502 7733.61 0.42 < 0.0001

S1033−2066 NDVI − Shrub − Alp.Meadow + Holm oak 445 2549.42 0.11 < 0.0001

S2066−3100 Conifer + Shrub + (NDVI)2 117 677.66 0.62 < 0.0001

10 km S0−1033 Rainfall + Conifer − Temp 230 1436.79 0.66 < 0.0001

S1033−2066 − (Temp)2 54 373.48 0.19 < 0.002

S2066−3100 Temp − Herb.Meadow 14 112.54 0.58 < 0.003

J0−1033 Conifer − Temp + Rainfall − Irr.Crop 230 4635.61 0.85 < 0.0001

J1033−2066 −Shrub + Temp − (Temp)2 + Conifer 52 1106.69 0.61 < 0.0001

J2066−3100 Conifer −Alp.Meadow 13 284.42 0.87 < 0.0001

DF, error degrees of freedom; AIC, Akaike information criterion; Si, species richness at altitudinal band i; Ji, community size at altitudinal band i; 

NDVI, normalized difference vegetation index; Irr.Crop, percentage of irrigated cropland surface; Conifer, percentage of surface occupied by conifer 

forests; Temp, mean annual temperature; Alp.Meadow, percentage of surface occupied by alpine meadows; Herb. Meadow; percentage of surface occupied 

by herbaceous meadows; Shrub, percentage of shrubland cover.
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maintenance of the latitudinal species richness gradient on an

historical time-scale. Our results showed that this mechanism

operates at an ecological time-scale (20 years).

The observation of a negative association between extinction

rates and community size is one of the predictions of the abun-

dance–extinction mechanism. However, an increased risk of

extinction in low-energy areas may also be due to more specific

mechanisms than the abundance–extinction hypothesis pro-

posed here. First, a greater abundance of resources in high-

energy areas may reduce the breadth of species niches and lead

to an increase in co-occurrence rates and species richness by

decreasing extinction rates (niche breadth hypothesis) (Evans et al.,

2005a). Second, if higher energy availability increases recovery

rates from disturbance (dynamic equilibrium hypothesis) this

may also lead to lower extinction rates in high-energy areas

(Huston, 1979; Evans et al., 2005a). Third, if increased energy

enhances the availability of rare resources in high-energy areas

this may also reduce the extinction rate in niche specialists (niche

position hypothesis) (Evans et al., 2005a). Finally, if high energy

availability increases consumption rates and leads to a reduction

in prey populations, this can reduce extinction rates of prey spe-

cies in high-energy areas (consumer pressure hypothesis) (Paine,

1966; Janzen, 1970; Evans et al., 2005a). All these mechanisms

may be seen as variants of the abundance–extinction hypothesis,

but their diagnostic predictions are not evaluated here.

Overall, our work shows that the mechanisms regulating species

richness gradients vary geographically, causing spatial mosaics

in the processes that determine variation in species richness.

For instance, low- and high-productivity regions seem to differ

in both the existence of significant abundance–extinction and

species richness–community size relationships. The extinction–

abundance hypothesis and other mechanisms associated with

community size might be acting at different rates depending on

the specific ecological conditions of each locality, thus leading

to a geographical mosaic of the processes that shape species

richness gradients. We conclude that current gradients in species

richness may be the product of a variety of different processes.

Among these processes, an important part of the variation in

species richness might be the result of qualitative changes in

community dynamics related to low productivity and low com-

munity size and the associated increases in risk of extinction

(Evans et al., 2005b). We conclude that the abundance–extinction

mechanism operates at the ecological time-scale and might be an

active mechanism maintaining species richness gradients.

ACKNOWLEDGEMENTS

We want to recognize the task of and thank all the contributors

to the Catalan Breeding Bird Atlas and all the members of the

Institut Català d’Ornitologia (ICO). Their careful work laid the

foundations that led to the results of the present study. L.B. and

D.S. benefited from a Ramon y Cajal contract from the Spanish

government. J.C.’s work was funded by grants BOS2000-1366-

C02-01 and REN2003-00273 from the Spanish Ministerio de

Ciencia y Tecnología (MCyT); J.C. was funded by MCyT

AP2002-1762 research grant. This work is a contribution to the

European Research Group GDRE ‘Mediterranean and mountain

systems in a changing world’ funded by the French CNRS and

the Catalan government.

REFERENCES

Alonso, D. & McKane, A.J. (2004) Sampling Hubbell’s neutral

theory of biodiversity. Ecology Letters, 7, 901–910.

Alonso, D., Etienne, R.S. & McKane, A.J. (2006) The merits of the

neutral theory. Trends in Ecology & Evolution, 21, 451–457.

Barker, F.K., Cobois, A., Schikler, P., Feinstein, J. & Cracaft, J.

(2004) Phylogeny and diversification of the largest avian

radiation. Proceedings of the National Academy of Sciences USA,

101, 11040–11045.

Bibby, C.J., Burgess, N.D., Hill, D.A. & Mustoe, S.H. (2000) Bird

census techniques. Elsevier, London.

Brown, J.H. (1981). Two decades of homage to Santa Rosalia:

toward a general theory of diversity. American Zoologist, 21,

877–888.

Crawley, M.J. (2002). Statistical computing. John Wiley & Sons,

Chichester.

Currie, D.J. (1991). Energy and large-scale patterns of animal-

and plant-species richness. The American Naturalist, 137, 27–

49.

Currie, D.J., Mittelbach, G.C., Cornell, H.V., Field, R., Guégan,

J.-F., Hawkins, B.A., Kaufman, D.M., Kerr, J.T., Oberdorff, T.,

O’Brien, E. & Turner, J.R.G. (2004) Predictions and tests of

climate-based hypotheses of broad-scale variation in taxonomic

richness. Ecology Letters, 7, 1121–1134.

Estrada, J., Pedrocchi, V., Brotons, L. & Herrando, S. (2004) Atles

dels ocells nidificants de Catalunya 1999–2002. Institut Català

d’Ornitologia (ICO)/Lynx editions, Barcelona.

Etienne, R.S. (2005) A new sampling formula for neutral bio-

diversity. Ecology Letters, 8, 253–260.

Etienne, R.S. & Alonso, D. (2005) A dispersal limited sampling

theory for species and alleles. Ecology Letters, 8, 1147–1156.

Evans, K.L., Warren, P.H. & Gaston, K.J. (2005a) Species-energy

relationships at the macroecological scale: a review of the

mechanisms. Biological Review, 80, 1–25.

Evans, K.L., Greenwood, J.D. & Gaston, K.J. (2005b) The roles of

extinction and colonization in generating species-energy

relationships. Journal of Animal Ecology, 74, 498–507.

Fain, M.G. & Houde, P. (2004) Parallel radiations in the primary

clades of birds. Evolution, 58, 2558–2573.

Fraser, R.H. (1998) Vertebrate species richness at the mesoscale:

relative roles of energy and heterogeneity. Global Ecology and

Biogeography, 7, 215–220.

Fuller, R.M., Devereux, B.J., Gillings, S., Amable, G.S. & Hill,

R.A. (2005) Indices of bird-habitat preference from field

surveys of birds and remote sensing of land cover: a study

of south-eastern England with wider implications for con-

servation and biodiversity assessment. Global Ecology and

Biogeography, 14, 223–239.

Gaston, K.J. & Blackburn, T.M. (2002) Large-scale dynamics in

colonization and extinction for breeding birds in Britain.

Journal of Animal Ecology, 71, 390–399.



J. Carnicer et al.

© 2007 The Authors
718 Global Ecology and Biogeography, 16, 709–719, Journal compilation © 2007 Blackwell Publishing Ltd

Gibbons, D.W., Reid, J.B. & Chapman, R.A. (1993) The new atlas

for breeding birds of Britain and Ireland: 1988–1991. T & A.D.

Poyser, London.

Hagemeijer, W.J.W. & Blair, M.J. (1997) The EBCC atlas of

European breeding birds: their distribution and status. EBCC,

London.

Hawkins, B.A., Porter E.E. & Diniz-Filho, J.A.F (2003a) Pro-

ductivity and history as predictors of the latitudinal diversity

gradient of terrestrial birds. Ecology, 84, 1608–1623.

Hawkins, B.A., Field, R., Cornell, H.V., Currie, D.J. Guégan, J.-F.

Kaufman, D.M., Kerr, J.T., Mittelbach, G.G., Oberdorff, T.,

O’Brien, E.M., Porter, E.E. & Turner, J.R.G. (2003b) Energy,

water, and broad-scale geographic patterns of species richness.

Ecology, 84, 3105–3117.

Hawkins, B.A., Diniz-Filho, J.A.F., Jaramillo, C.A. & Soeller, S.A.

(2006) Post-Eocene climate change, niche conservatism, and

the latitudinal diversity gradient of New World birds. Journal of

Biogeography, 33, 770–780.

Hubbell, S.P. (2001). The unified neutral theory of biodiversity and

biogeography. Princeton University Press, Princeton.

Hurlbert, A.H. & Haskell, J.P. (2003) The effect of energy and

seasonality on avian species richness and community com-

position. The American Naturalist, 161, 83–97.

Huston, M.A. (1979) A general hypothesis of species diversity.

The American Naturalist, 113, 81–101.

Hutchinson, G.E. (1959) Homage to Santa Rosalia or why are

there so many kinds of animals? The American Naturalist, 93,

145–159.

Janzen, D.H. (1970) Herbivores and the number of tree species in

tropical forests. The American Naturalist, 104, 501–508.

Jetz, W. & Rahbek, C. (2002) Geographic range size and determi-

nants of avian species richness. Science, 297, 1548–1545.

Jønsson, K. & Fjeldså, J. (2006) A phylogenetic supertree of

oscine passerine birds. Zoologica Scripta, 35, 149–186.

Kaspari, M., Yuan, M. & Alonso, L. (2003) Spatial grain and the

causes of regional diversity gradients in ants. The American

Naturalist, 161, 459–477.

Kerr, J.T. & Ostrovsky, M. (2003) From space to species: ecological

applications for remote sensing. Trends in Ecology & Evolution,

18, 299–305.

Kerr, J.T. & Packer, L. (1997) Habitat heterogeneity as a

determinant of mammal species richness in high-energy

regions. Nature, 385, 252–253.

Lavers, C. & Field, R. (2006) A resource based conceptual model

of plant diversity that reassesses causality in the productivity–

diversity relationship. Global Ecology and Biogeography, 15,

213–224.

Martí, R. & del Moral, J.C. (2002) Atlas de las aves reproductoras

de España. Dirección General de Conservación de la Natu-

raleza y Sociedad Española de Ornitología, Madrid.

Mitchell, R.J. (1992) Testing evolutionary and ecological

hypotheses using path analysis and structural equation

modelling. Functional Ecology, 6, 123–129.

Mönkkönen, M. & Forsman, J.T. (2002) Heterospecific attrac-

tion among forest birds: a review. Ornithological Science, 1,

41–51.

Mönkkönen, M., Helle, P. & Soppela, K. (1990) Numerical and

behavioural responses of migrant passerines to experimental

manipulation of resident tits (Parus spp.): heterospecific

attraction in northern breeding bird communities? Oecologia,

85, 218–225.

Muntaner, J., Ferrer, X. & Martinez-Vilalta, A. (1984) Atles dels

ocells nidificants de Catalunya i Andorra. Ketres, Barcelona.

O’Brien, E.M. (1998) Water–energy dynamics, climate and pre-

diction of woody plant species richness: an interim general

model. Journal of Biogeography, 25, 379–398.

Paine, R.T. (1966) Food web complexity and species diversity.

The American Naturalist, 100, 65–75.

Paradis, E., Baillie, S., Sutherland, W.J. & Gregory, R.D. (1998)

Patterns of natal and breeding dispersal in birds. Journal of

Animal Ecology, 67, 518–536.

Rahbek, C. & Graves, G.R. (2001) Multiscale assessment of

patterns of avian species richness. Proceedings of the National

Academy of Sciences USA, 98, 4534–4539.

R Development Core Team (2004) R: A language and environ-

ment for statistical computing. R Foundation for Statistical

Computing, Vienna, Austria (http://www.R-project.org/).

Ricklefs, R.E. & Schluter, D. (1993) Species diversity in ecological

communities: historical and geographical perspectives. Univer-

sity of Chicago Press, Chicago.

Rosenweig, M.L. (1995) Species diversity in space and time.

Cambridge University Press, Cambridge.

Schmid, H., Luder, R., Naef-Daenzer, B., Graf, R. & Zbinden, N.

(1998) Atlas des oiseaux nicheurs de Suisse. Distribution des

oiseaux nicheurs en Suisse et au Liechtenstein en 1993–1996.

Station Ornithologique Suisse, Sempach.

Sibley, C.G. & Alquist, J.E. (1990) Phylogeny and classification of

birds. Yale University Press, New Haven.

Sol, D., Stirling, D.G. & Lefebvre, L. (2005) Behavioral drive or

behavioural inhibition in evolution: subspecific diversification

in Holarctic passerines. Evolution, 59, 2669–2667.

van Rensburg, B.J., Chown, S.L. & Gaston, K.J. (2002) Species

richness, environmental correlates and spatial scale: a test

using South African birds. The American Naturalist, 159, 566–

577.

Waide, R.B., Willig, M.R., Steiner, C.F., Mittelbach, G. Gough, L.,

Dodson, S.I. Juday, G.P. & Parmenter, R. (1999) The relation-

ship between productivity and species richness. Annual Review

of Ecology, Evolution and Systematics, 30, 257–300.

Wallace, A.R. (1878) Tropical nature and other essays. Macmillan,

London.

Whittaker, R.J. & Field, R. (2000) Tree species richness model-

ling: an approach of global applicability? Oikos, 89, 399–402.

Wiens, J.J. & Donoghue, M.J. (2004) Historical biogeography,

ecology and species richness. Trends in Ecology & Evolution, 19,

639–644.

Willig, M.R., Kaufman, D.M. & Stevens, R.D. (2003) Latitudinal

gradients of biodiversity: pattern, process, scale and synthesis.

Annual Review of Ecology, Evolution and Systematics, 34, 273–

309.

Wright, D.H. (1983) Species–energy theory: an extension of

species-area theory. Oikos, 41, 496–506.

http://www.R-project.org/


Processes in species richness gradients

© 2007 The Authors 
Global Ecology and Biogeography, 16, 709–719, Journal compilation © 2007 Blackwell Publishing Ltd 719

Editor: José Paruelo

BIOSKETCHES

Jofre Carnicer’s main research interests address species richness gradients, macroecology, neutral models and plant–animal 

networks.

Lluís Brotons is a full-time researcher at the Forest Technology Centre of Catalonia (Solsona, Spain). His main research aims to 

identify the role of spatial heterogeneity on the ecology and distribution of vertebrate species in dynamic landscapes using 

Mediterranean and Boreal regions as study models.

Daniel Sol’s main research interest focuses on how animals interact with their environment and respond to the changes it 

experiences, with special emphasis on the implications for invasion, diversification and extinction processes.

Pedro Jordano studies the ecological and evolutionary consequences of mutualistic interactions between animals and plants, 

with emphasis on interactions between fleshy fruited plants and frugivorous vertebrates that disperse the seeds.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 120
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 120
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


