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Abstract
Recent studies showed that disturbances and water availability determine the richness among
plants with different post-fire strategies of Mediterranean-type ecosystems. The aim of this study
was to determine whether or not the scale of analysis has an influence on the effects of these
factors and, therefore, on the segregation of the dominant post-fire strategies, obligate seeders and
obligate resprouters, and facultative species.
We recorded all woody species and geographical features on 94 (75 m2) plots of cork oak woodlands in the southern Iberian Peninsula. For each regenerative type (resprouters, seeders and species with both traits – facultative species), we tested the relationship between the number of species and the predictors using a generalised linear mixed model. The fixed predictor considered at
the large scale was altitude, and fixed predictors considered at the local scale were aspect
(north/south) and disturbance (fire and clearing by heavy machinery; yes/no). The random predictor was the factor of site. When this factor did not have significant effect for some regenerative
types, these relationships was tested using a generalised linear model.
Resprouting species were most represented at lower altitudes and in undisturbed sites, while
seeders were also at lower altitudes but mostly on south-facing slopes, especially south-facing
disturbed sites. For facultative species, site is the most important variable. The proportion of
seeders from the total species is not related to altitude, but it is related to disturbance and aspect.
These results suggest that there is no segregation of the richness of seeders and resprouters at the
large scale (altitudinal gradient). Differences appeared at the local scale (aspect and disturbance).
Key words: post-fire strategies, disturbance, moisture regime, Mediterranean vegetation, cork oak
forests.
Introduction
Cork oak forests are an emblematic Mediterranean ecosystem distributed throughout the western
Mediterranean Basin (Aronson et al. 2009). They have been used by humans during millennia to
obtain acorns (for consumption by animals and people) and for cork production. The cork trees are
among the best adapted plant species to sustain wildfires as their thick bark (the cork) protects the
stem buds and thus most trees resprout from the crown after fire (Pausas 1997). In the understory
of these forests there is a coexistence of species with different fire traits (i.e., traits to persist in
fire-prone environments): a) the ability to resprout after fire and b) the ability to produce a
persistent seed bank, the dormancy of which is broken by fire, and thus recruitment is fire
stimulated (Bond and Van Wilgen 1996). The combination of these two binary traits (resprouting
and post-fire recruitment) give the typical four fire strategies of Mediterranean-type ecosystems
(Pausas 1999; Pausas et al. 2004): obligate resprouters (resprouters hereafter), obligate seeders
(seeders hereafter), species with both traits (facultative species; these do not rely on any
particular regeneration strategy for survival), and species without any of these fire traits (non-
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sprouters and non-seeders). In the woody flora of cork oak forests, resprouters are the dominant
species but coexist with seeders and also with facultative species, although the abundance of the
latter is low as a feature of the Mediterranean Basin flora (Pausas et al. 2004; Pausas and Verdú
2005). We wanted to know which factors determine the richness of the dominant post-fire
strategies, obligate seeders and obligate resprouters (i.e., R-P+ and R+P- respectively, sensu
Pausas et al. 2004).
It has been suggested that seeder species should perform better in most disturbed ecosystems and
in drier (low productivity) conditions. Their capacity to sustain throughout recurrent disturbances
is explained by the fact that they typically produce many small seeds and have an earlier
reproductive age than resprouters (Herrera 1984, 1992; Keeley 1998; Verdú 2000; Pausas et al.
2004). Their seeds have a dormancy which is broken by disturbance, such as the heat of a fire, the
friction when moving soil, or even by the heat of the Mediterranean sun on the soil of a vegetation
gap (e.g., after clearing). Furthermore, seeders tend to have traits that allow them to better sustain
throughout dry periods, such as very small and thick leaves, summer semi-deciduous leaves, a
higher leaf mass area ratio, or a higher water-use efficiency (Paula and Pausas 2006; Pratt et al.
2007). Thus, even the species with different fire traits may coexist, although the number of species
may differ in different parts of the landscape with different disturbance regimes and water
availability conditions (Malanson and O’Leary 1982; Le Maitre and Midgley 1992; Zedler 1995).
Previous works in different Mediterranean climate regions worldwide associated the seeders with
the drier parts of the landscape (Keeley 1986; Benwell 1998; Ojeda, 1998; Pausas 1999;
Meentemeyer et al. 2001; Clarke and Knox 2002) and whit disturbed sites (Bond and Van Wilgen
1996; Ojeda et al. 1996; Pausas et al. 2004; Lloret et al. 2005; Pausas and Bradstock 2007).
A current challenge in ecology is understanding how patterns and processes vary with scale
(Chapin & Körner 1995; Derocq 2002). Many environmental gradients influence vegetation
patterns at different spatial scales and plants may detect these gradients more or less sharply (Day
et al 1988; Rosenzweig 1995; Ojeda 1998). Therefore it is important to know whether the
processes that determine community structure at different scales are similar, and if not, how and
under what circumstances the dominant processes change with scale of observation (Reed et al.
1993). Thus, the effects of disturbance and water availability on the post-fire strategies in
Mediterranean climate regions are well known for the different spatial scales of analysis which
have contextualized these works (from the patch to the landscape scale). Nevertheless little is
known about the effects that the scale of analysis used (local or large scale) in a specific area has
on these factors (disturbance and water availability) and, therefore, on the segregation of the
dominant post-fire strategies.
Specifically, we predicted that species with regeneration through sexual reproduction, i.e.,
propogule (seeders) should appear most frequently in the drier and most disturbed parts of the
landscape regardless of the scale of analysis used. In other words, our aim was to determine
whether the scale of analysis influenced the factors which determine richness among plants with
dominant post-fire strategies (obligate seeders and obligate resprouters) in Mediterranean-type
ecosystems. Facultative species, due to their presence, were also considered in the study.
We tested this question in cork oak (Quercus suber) forests of the southern Iberian Peninsula,
where there are strong moisture gradients and disturbance is common; Coca (2007) demonstrated
that vegetation in this cork oak forest is subject to a predominant climatic gradient of moisture
related to altitude (fog and rainfall), and to another secondary gradient related to disturbance
(clearing by heavy machinery and fire) and to hydric stress associated with aspect (south-facing
and north-facing slopes).
In this study, the moisture regime was evaluated at the local scale by aspect (north-facing slopes
are moister than south-facing slopes), and at the larger scale by altitude (lower altitudes are
warmer and receive less rainfall, and thus are drier than higher altitudes). The disturbance regime
was also evaluated at the local scale using available recent historical information on fires and
clearing by heavy machinery.
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Materials and methods
Study area
We studied the cork oak forests in Los Alcornocales Natural Park (36º03’-36º45’N and 5º20’5º45’W; 167,767 ha), located just north of the Straits of Gibraltar, in the extreme west of the Betic
Cordillera (southern Spain). This cork oak forest is the most widely represented community in the
Natural Park. With an area greater than 80,000 ha, it is the largest cork oak forest on the Iberian
Peninsula, and it is probably the best conserved cork oak forest in the western Mediterranean
Basin (Aronson et al. 2009). The landscape is defined by a series of mostly north/south-oriented
mountain ranges with a maximum altitude of 1092 m. The soils originate from Oligocene-Miocene
sandstones and are acidic and nutrient poor.
The temperatures are characterised by their gentleness and regularity: annual average: 15.7 ºC;
average maximum: 34.3 ºC; average minimum: 2.78 ºC (CMA 2004). The total annual precipitation is distributed from September to May and ranges from 700-2000 mm depending on the altitude. In the study area, altitude and rainfall are positively correlated (Coca and Pausas 2009). Furthermore, fog is frequent in the upper part of the study area, even in summer, softening the annual
dry period. Thus, the relationship between altitude and water availability to plants is very strong
and clear (Coca 2001).
A synopsis of human activities and natural disturbances in this cork oak forest may be found in
Coca (2007), from among which we can mention: harvesting cork from Quercus suber every nine
years; slashing shrubs from beneath the tree canopy; clearing the woody understory with heavy
machinery; keeping livestock, mainly cattle, goats and swine; game hunting, mostly deer, which
started in the 1970s; and the collection of firewood from pruning. There are also consequences for
the vegetation from frequent forest fires, both accidental and intentional, during the summer.
Sampling
The sampling methods used followed those of Coca (2007) and Coca and Pausas (2009), with
some modifications. To sample a broad spectrum of cork oak forests, fourteen representative land
tenure types were selected. In each land tenure, we established several sites at different altitudes (a
total of 31 sites of altitude ranging from 150 to 650 m), and in each site we select three (rarely two
or four) plots of 20 × 20 m with different aspects (north and south facing) and different recent disturbance histories (disturbed/undisturbed), giving a total of 94 plots. The disturbed sites were considered as those which were burnt or cleared (usually with the use of machinery, affecting the soil)
at least once since 1960 (the earliest year with reliable disturbance history information). We recorded both woody plant species richness and the richness of species presenting the different post-disturbance regeneration traits (obligate resprouters, obligate seeders and facultative species) within
three plots of 5 × 5 m which were randomly selected from each of the 20 x 20 m plots. The regeneration traits for each species (Table 1) were assigned on the basis of field experience and from a
trait database (Paula et al. 2009).
Data analysis
For each regenerative type (resprouter, seeder and facultative species), we tested the relationship
between the number of species (species richness) and the predictors, using a
generalised linear mixed model (GLMM) assuming a Poisson error distribution and a logarithm
link function (McCullagh and Nelder 1989; Faraway 2006; Zuur et al. 2007). The fixed predictors
considered were altitude, aspect (north/south) and disturbance (fire and clearing by heavy
machinery; yes/no) and the random predictor was the factor of site. These predictors were
introduced using a stepwise procedure to obtain the most parsimonious model. Interactions were
also tested. When the random component did not have significant effect for some regenerative
type, the relationship betwen species richness and the predictors was tested using a generalised
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linear model (GLM) with the same assumptions as in the GLMM. The significance of the model
was tested by analysis of the deviance using the χ2 criteria. The proportion of seeders versus total
species was also tested in a similar manner, but using a binomial error distribution and a logit link
function in the GLMM and GLM. The results are graphically displayed by the fit of the models
with the standard errors of the fits. All analysis was performed in R (R Development Core Team
2009).
Results
The total number of woody species in the sampled plots ranged from 4 to 25 species (in 75 m2);
the seeders were either absent or represented up to 45% of the total species (mean = 18%); the
facultative species were also either absent or accounted up to 28.6% of the species (mean = 7%).
All of the predictors were independent of each other; that is, disturbance was neither related to
aspect (χ2 = 0.514, p = 0.47) nor to altitude (t = -0.15, p = 0.88), and aspect was not related to
altitude (t = 0.94, p = 0.35).
The factor of site accounted for a significant proportion of the remaining variability for
facultative species but not for seeder and resprouter species richness or for the proportion of
seeders (Table 2). Indeed, for facultative species, the factor of site was the most important variable,
suggesting that other factors related to the spatial distribution of the sites which had not been
considered may be very important for these species.
Altitude was strongly and negatively related to resprouter and seeder richness (Table 3, Figs. 1
and 2). There were very few facultative species (up to three per site) and their number was also
negatively related to altitude but only on north-facing slopes. (Table 3). That is, cork oak forests
located at low altitudes (in warmer and drier conditions) are richer in species than those located at
high altitudes, and these changes in richness were due mainly to both resprouters and seeders.
However, at a more local scale, aspect and disturbance played a fundamental role in explaining the
different richness patterns between regeneration strategies. Resprouting species were more
abundant at lower altitudes and in undisturbed sites, independently of the aspect (Fig. 1). Seeders
were also found at lower altitudes, but more often on south-facing slopes, especially in disturbed
sites (Fig. 2). North-facing undisturbed slopes were the poorest in seeder species. The proportion
of species that were seeders was not related to altitude, but was related to disturbance and aspect
(Table 3). Seeders made up a larger proportion of the species on south-facing slopes, especially on
those that were disturbed (Fig. 3).
Discussion
The results suggest that woody species richness is higher at low altitudes, at the warmer and drier
end of the gradient, since both resprouters and seeders had their maximum richness here. At this
scale (altitudinal gradient), both resprouters and seeders showed similar patterns; indeed, the proportion of seeders was not related to altitude (which is a moisture gradient).
In the cork oak forest, Coca (2007) relates the decrease in species diversity due to the extensive
cover of Pteridium aquilinum (up to 90% of the total cover; mean = 11%) as a consequence of the
increasing moisture gradient associated with altitude. This bracken is considered to be one of the
most successful invasive plant species and is common all over the world, except in very cold or
dry conditions (Taylor 1990). Thus, in the study area, at higher altitudes the summer drought is
softened due to higher rainfall and frequent fog throughout the year, allowing the spread of this
fern. Stands dominated by Pteridium aquilinum are usually floristically poor (Rymer 1976;
Pakeman and Marrs 1992).
For the facultative species, the spatial distribution of the sites may be very important. Four out of
the five facultative species belonged to the Fabaceae family (Table 1). Woody legumes do not adapt as well as other species of Mediterranean scrub to the extreme conditions of recurrent drought
in the Mediterranean climate of southern Spain (Herrera 1984). Therefore, it was suggested that
these species depend on the existence of microhabitat sites with low moisture fluctuations (e.g.,
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rooting under rocks). Moreover, the fifth species with this strategy (Erica australis) is associated
with more acidic and nutrient-poor soils (Marañón et al. 1999; Coca 2001, 2007). The presence or
absence of these habitats within the study plots explain the importance of the factor of site.
The dominance of seeders has previously been reported at both the drier (Keeley 1986;
Meentemeller et al. 2001) and the moister (Ojeda 1998; Benwell 1998) ends of moisture gradients.
However, at the local scale, seeders are certainly associated with the driest parts of the landscape
(south-facing slopes) and in disturbed sites (Fig. 3), while resprouters are more abundant in undisturbed sites (independently of the aspect). Thus, our results are scale dependent in such a way that
at the large scale (altitudinal gradient) there are no differences between resprouters and seeders,
but differences are found at the local scale (aspect and disturbance). The association of seeders
with the drier parts of the landscape is consistent with the recent observations that seeders have
morphological and physiological traits which confer a high tolerance to drought (Paula and Pausas
2006; Pratt et al. 2007; Suara-Mas and Lloret 2007).
The results also emphasise the role of seeders as disturbance-dependent (gap) recruiters (Keeley
1998), that is, they mainly recruit after a disturbance, thanks to the persistent seed bank they
produce and the capacity of their germination to be stimulated by fire products, mainly heat, but
also smoke or charred wood (Moreira et al. 2010), or by mechanical scarification of seeds due to
strong soil disturbance (Baeza and Vallejo 2006). Although recruitment may be stimulated after
other disturbances caused by humans (e.g., by the increased heat from the summer sun after
slashing shrubs (Lloret and Vilà 1997), this stimulation may not be as great as after a fire or after
clearing by heavy machinery because of the larger extent or magnitude of these disturbances, as
well as the multiple and effective germination cues produced by them.
The fact that the trend observed at the local scale (higher richness of seeders in dry places) was
not shown at the large scale may seem surprising. However, cork oak forests are relatively open,
even in high rainfall. This may be a legacy of the long-term human exploitation of cork which
maintained a low density of trees to reduce competition and thus facilitate the growth of cork, but
also to the relatively high density of large herbivores that reduce oak regeneration. Furthermore,
the crown structure of the cork oak is very open, with separated branches and a low density of
leaves, thus producing a very light shade. This open forest creates a similarly appropriate environment for seeder light-demanding species at any altitude. It is at the local scale, more specifically at
the drier places with high radiation, where the species richness of seeder species is enhanced. On
the other hand, roughly every nine years shrubs are slashed from beneath the tree canopy to facilitate the cork harvest and eliminate combustible material (Coca 2007). These human activities prevent the effect of competitive exclusion (Grime 1979), allowing species with different morphological and physiological traits (seeders/resprouters) to coexist, including species (seeders) that
would otherwise be excluded from the community.
In summary, although resprouters are the predominant post-fire plant strategy in the cork oak
forests of the Los Alcornocales Natural Park, they coexist with other different post-fire strategies
and the degree of coexistence is not random across the landscape. At the local scale, there is a
segregation of the richness of seeders and resprouters mediated by local processes such as strong
disturbance (fire and mechanical soil movement) and water availability associated with aspect. At
the large scale, the moisture gradient associated with altitude does not affect segregation of the
richness of plants with different strategies due to disturbances related to human activities.
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Table 1 Species post-fire regeneration traits considered (R, resprouting ability, circles; P, post-fire
seeding, squares). Filled symbols indicate species having the ability to regenerate post fire by
means of resprouting (circles) and/or by germinating (squares); empty symbols indicate species
that lack the corresponding regeneration ability. We were not sure of the regeneration strategy of
some species (no symbols) because the information was not available or because there was
conflicting information. These species are not considered in the analysis (Extracted from Coca and
Pausas 2009).
Species
Adenocarpus telonensis
Arbutus unedo
Aristolochia baetica
Asparagus albus
Asparagus aphyllus
Bupleurum foliosum
Calicotome villosa
Calluna vulgaris
Ceratonia silicua
Chamaerops humilis
Cistus crispus
Cistus ladanifer
Cistus monspeliensis
Cistus populifolius
Cistus salvifolius
Clematis flammula
Crataegus monogyna
Cytisus baeticus
Cytisus striatus
Cytisus villosus
Daphne gnidium
Daphne laureola
Drosophyllum lusitanicum
Erica arborea
Erica australis
Erica scoparia
Erica umbelata
Genista linifolia
Genista monspesulana
Genista triacanthos
Genista tridens
Genista tridentata
Halimium halimifolium
Hedera helix
Laurus nobilis

R P
● □
●
●
●
●

□
□
□
□

●
●
○
○
○
○
○
●
●
●
●
●
●
●
○
●
●
●
○
●
●
○
●
●
○
●
●

□
□
■
■
■
■
■
□
□
□
■
□
□
□
□
□
■
□
■
□
□
■
□
■
■
□
□

Species
Lavandula stoechas
Lithodora prostrata
Lonicera implexa
Lonicera periclymenum
Myrtus communis
Nerium oleander
Olea europaea
Osyris alba
Phlomis purpurea
Phyllirea angustifolia
Phyllirea latifolia
Pistacia lentiscus
Polygala baetica
Pyrus bourgeana
Quercus canariensis
Quercus coccifera
Quercus fruticosa
Quercus suber
Rhamnus alaternus
Rhamnus lycioides
Rosa sempervirens
Rubus ulmifolius
Ruscus aculeatus
Ruscus hypophillum
Salix sp.
Satureja salzmannii
Smilax aspera
Stauracanthus boivinii
Teucrium fruticans
Teucrium scorodonia
Thymelaea villosa
Tuberaria lignosa
Ulex borgiae
Viburnun tinus

R
○
●
●
●
●
●
●
●
○
●
●
●

P
■
□
□
□
□
□
□
□
■
□
□
□

●
●
●
●
●
●
●
●
●
●
●
●
○
●
●
●
●
●

□
□
□
□
□
□
□
□
□
□
□
□
■
□
■
□
□
□

● ■
● □
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Table 2 Importance of random component (factor of site) for species richness of the different
regeneration types. The estimates were made based on the loss of variance of this factor in
model (GLMM) with only random component compared to parsimonious model for species
richness of each regeneration type.

Richness of obligate
seeder species (R-P+)

Variance of random component (Site)
Model with only
Parsimonious model
random component
0.20701
<0.0000001

Site loss variance
(%)
100

Richness of obligate
resprouter species (R+P-)

0.07104

0.021409

70

Richness of facultative
species (R+P+)

0.48829

0.29692

39

Proportion of obligate
seeder species (R-P+)

0.23344

0.0051421

98
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Table 3 Summary of the GLM stepwise statistics for species richness of the regeneration
types obligate seeder (a), obligate resprouters (b) and for the proportion of seeders in relation
to the total species (c). For richness of facultative species (d) showing the results of the
GLMM.
Anova

DF

Deviance

Residual
DF

p

Explained
deviance

116.253
100.402
89.639
66.731

0.00006
0.00103
<0.00001

13.63
22.89
42.60

β) Richness of obligate resprouter species (R+P-)
Null
93
146.980
+Altitude
1
36.607
92
110.373
+Disturbance
1
15.520
91
94.853
+Aspect
1
0.027
90
94.826

<0.00001
0.00008
0.8684

24.89
35.47
35.48

109.515
108.245
90.370
73.542

0.2597
0.00002
0.00004

1.16
17.48
32.85

S.E

z

Pr(>|z|)

0.2129
0.0006
0.1387
0.1413

6.169
-4.655
2.716
4.691

<0.00001
<0.00001
0.00661
<0.00001

b) Richness of obligate resprouter species (R+P-)
Intercept
2.9601
0.0936
Altitude
-0.0015
0.0003
Disturbance
-0.2914
0.0759

31.618
-5.928
-3.842

<0.00001
<0.00001
0.00012

1.660
-2.19

0.0970
0.0285

Richness of obligate seeder species (R-P+)
Null
93
+Altitude
1
15.871
92
+Disturbance
1
10.763
91
+Aspect
1
22.908
90

Residual
deviance

α)

χ) Proportion of obligate seeder species (R-P+)
Null
93
+Altitude
1
1.2701
92
+Disturbance
1
17.8752
91
+Aspect
1
16.8282
90

Coefficients

Estimate

a) Richness of obligate seeder species (R-P+)
Intercept
1.3136
Altitude
-0.0027
Disturbance
0.3766
Aspect
0.6627

Richness of facultative species (R+P+)
Intercept
0.75769
Altitude: North-facing slope
-0.00307
Deviance
96.59
δ)

0.45649
0.00140
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Fig. 1 Richness of obligate resprouting species (R+P-) to altitude (m) in undisturbed and
disturbed sites by the fit of GLM (Table 3). Dotted lines indicate 95% confidence limits
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Fig. 2 Richness of obligate seeder species (R-P+) to altitude (m) on a) north-facing and b)
south-facing slopes in undisturbed and disturbed sites by the fit of GLM (Table 3). Dotted
lines indicate 95% confidence limits

Fig. 3 Proportion of obligate seeder species (R-P+; mean±s.e.) in disturbed and undisturbed
sites on south-facing and north-facing slopes

