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Abstract

The resistance to experimental, highly frequent disturbance has been analysed in three congeneric, strong-
resprouter species (Erica australis, E. scoparia and E. arborea) that co-occur in heath-dominated com-
munities of the northern side of the Strait of Gibraltar, southern Spain. To do so, mature individuals of the
three species from a long undisturbed location were clipped at the ground level every sixth month during
two years. The relationship between the resprouted biomass dry weight (as indicative of the resprouting
vigour) and the upper surface area of the lignotuber along the experiment was established separately for
each species at each clipping event by means of linear regressions analysis. The resprouting vigour of the
three species was compared by means of independent one-way ANOVAs within each clipping event.
Resprouting vigour decreased after recurrent clippings in the three species. Nevertheless, significant dif-
ferences between species in this loss of resprouting vigour were detected, being E. scoparia the most
resistant to the experimental, highly frequent clipping. It is concluded that experimental levels of recurrent
disturbance may help to find out differences in resilience within similar (taxonomically, morfologically and/
or ecologically), strong-resprouter plant species. Considering the history of forestry management in the
nothern side of the Strait of Gibraltar, differences in this regard between the three Erica species may
contribute to explain their somewhat segregated ecological distribution in this region.

Introduction

Competition and physiological specialisation are
commonly invoked to explain patterns of distri-
bution of species along ecological gradients (Aus-
tin 1985). Nevertheless, it is less frequent to
consider differences in the response to unpredict-
able, severe disturbance events as the underlying
factors explaining shifts in species relative abun-
dance (but see Bond et al. 2001).

Traditionally, plants have been classified as
either resprouter or non-sprouter based on their
capacity to survive severe above-ground damage
caused by unpredicted disturbance events, such as
wildfires, hurricanes or strong herbivory (Bond
and van Wilgen 1996; Vesk and Westoby 2004;
Vesk et al. 2004). This simple, dichotomous clas-
sification characterizes, in a global manner, the
response of plants to severe damage, and provides
an adequate framework for ecological studies on
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functional traits in disturbance-prone ecosystems
(e.g. Pausas et al. 2004). Nevertheless, within the
reprouter group, post-disturbance survival is not
alike for all species (e.g. see le Maitre et al. 1992;
Lopez-Soria and Castell 1992). In this sense, a
dichotomous classification of resprouter plants in
weak- and strong-resprouters provides a useful
system for modelling the vegetation response to
severe disturbance (Westman and O’Leary 1986;
Vesk and Westoby 2004).

Furthermore, the response of a resprouter
species, however weak or strong, is not a constant
feature, but depends on the intensity (e.g. Moreno
and Oechel 1991) and, more markedly, on the
frequency of successive disturbance events (Zam-
mit 1988; Riba 1998; Canadell and Lopez-Soria
1998). Therefore, possible differences in the
response to frequent, recurrent disturbance among
co-occurring resprouter species will potentially
drive drastic changes in species relative abundance
and, ultimately, in species composition of pre-
sumably disturbance-resilient communities domi-
nated by strong resprouter species, such as
Mediterranean shrublands (Keeley 1986; Trabaud
1991; Clemente et al. 1996).

Mediterranean heathlands characterize the Strait
of Gibraltar region, at the western end of the
Mediterranean Basin, whose presence is determined
by the existence of acid, nutrient-poor sandstone
soils, and a relatively mild mediterranean climate
(Ojeda et al. 1995, 1996a, 2001). While open
heathlands cover exposed ridges and crests, on
poorly developed sandstone soils, heath-dominated
communities form the understorey of evergreen
Quercus suber L. (cork oak), or semideciduous
Q. canariensis Willd. woodlands (Ojeda et al.
1996a), on middle slopes and valley bottoms.
Wildfire, forest thinning, scrub slashing, and
browsing by free-range cattle and game (mainly red-
and roe-deer) are the main disturbance agents on
these heathlands (Ojeda et al. 1996a). Forest thin-
ning and scrub slashing in this region are common
management practices to optimize cork production,
to facilitate cork harvesting, and to avoid forest
wildfires (Ceballos and Martin-Bolafios 1930; Tor-
res and Montero 2000), thus being particularly
associated with Q. suber woodlands.

Three congeneric heath species, Erica australis
L., E. scoparia L. and E. arborea L., are abundant
in these Mediterranean heathlands. The habit and
ecological requirements of these three species are

rather similar: (1) they are multistemmed shrubs
with small, ‘ericoid’ leaves; (2) they have a con-
spicuous lignotuber out of which they readily
regenerate their above-ground biomass after
slashing or burning (Riba 1997; Ojeda et al. 2000a;
Cruz et al. 2003); and (3) they thrive on nutrient-
poor, sandy soils and sunny exposures (de Benito
1948; Aubert 1978). Despite these similarities, the
three species appear somewhat spatially segregated
in the landscape of the Strait of Gibraltar (Ojeda
et al. 2000a): E. australis is abundant only in open
heathlands of ridges and crests, where it often
co-occurs with E. scoparia. This second species
becomes dominant on heath-communities of
sandstone middle slopes, generally under sparse to
moderate Quercus suber tree cover. Finally,
E. arborea co-occurs with E. scoparia in heath
understoreys under moderate to dense tree cover,
becoming the only heath species present in denser
forest communities. Erica arborea and E. australis
very seldom co-occur. Tolerance to extreme con-
ditions — high soil aluminium and dense tree cover
— and interspecific competition have been previ-
ously invoked to explain this pattern of ecological
distribution (Ojeda et al. 2000a).

Here, we present the results of a field experi-
mental study aimed to ascertain the resprouting
performance of these three Erica species after
frequent, recurrent above-ground disturbance.
Specifically, we tested whether, given their taxo-
nomical proximity, their similar morphology, and
their somewhat similar ecological requirements,
they present a similar capability of withstanding
frequent, successive clippings to the ground level.
We finally discuss the implications of our results in
helping to understand the ecological distribution
of the three FErica species in Mediterranean
heathlands of the Strait of Gibraltar.

Methods
Study area and field experiment

The field experiment was conducted in Monte
Murta, within the Aljibe Mountains, at the
northern side of the Strait of Gibraltar, South
Spain (36°19’35” N; 5°33’25” W). For a concise
environmental background of this region, see
Ojeda et al. (2000b). Climate is mild Mediterra-
nean, with a mean annual rainfall of ca. 1300 mm.



Altitude in Monte Murta ranges from 350 to
450 m asl. Soil is a mixture of sandstone and clay,
except in ridges and upper slopes, where acid,
nutrient-poor, sandstone soil emerges. Dominant
vegetation is a medium to sparse Quercus suber
(cork oak) woodland with a heath-scrub under-
storey. Open heathlands, with virtually no tree
overstorey, cover sandstone crests and upper
slopes.

Owing to the contrasted ecological optima
between E. arborea and E. australis in this region
(Ojeda et al. 2000a; see above), it was not possible
to find the three Erica species co-occurring at the
same location. Hence, two neighbouring sites
(about 200—-300 m apart) were initially chosen in
this study. The first site was a heath-scrub under-
storey of a sparse cork oak woodland, where
E. arborea and E. scoparia co-occurred with Ulex
borgiae Rivas Mart. and Cistus salvifolius L. as the
most abundant species. The second site was an
open heathland on sandstone, where E. scoparia
and E. australis were abundant, together with
Calluna vulgaris (L.) Hull, Stauracanthus boivinii
(Webb) Samp., and Genista tridens (Cav.) DC.

Sixteen adult plants of E. arborea, 26 of
E. scoparia (10 plants from the first site plus 16 from
the second), and 16 of E. australis were initially
selected. They were chosen haphazardly, although
care was taken that all plants had not undergone
any major disturbance — by wildfire or slashing —at
least within 10 years prior to this study.

The experiment started in February 1998, when
all selected plants were clipped to the ground.
Each plant was then clipped again every six
months, until August 2000. In this way, all plants
suffered six successive disturbance events. Clip-
pings were conducted every February and August,
just before the two seasonal growth flushes (spring
and autumn respectively). After each clipping
(except the first one) the resprouted biomass was
harvested, oven-dried and weighed to the nearest
0.1 grams.

After the initial clipping, two main perpendicular
diameters of the upper surface of the lignotuber
were measured and their area estimated assuming
elliptic shape. The upper surface area of the
lignotuber was employed as a surrogate of the
plant size (Canadell et al. 1991; Riba 1997;
Moreno et al. 1999).

The plants were caged individually with 1 cm x
1 cm wire-mesh to exclude vertebrate herbivory.
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Unfortunately, several cages were broken and
resprouts were browsed heavily by cattle and/or
game. Those plants were removed from the exper-
iment, thus changing the initial number of selected
plants to 11, 23 and 16 plants of E. arborea,
E. scoparia and E. australis respectively.

In a former study, Riba (1997) observed that the
first phases of post-disturbance shoot growth in
E. arborea are strongly dependent on soil water
moisture. In order to determine the possible
influence of water availability in plant regrowth
during the field experiment, monthly rainfall
records from 1998 to 2000 were obtained from the
nearest available weather station (Jimena de la
Frontera), 15 km to the north-east of the study
site.

Statistical analysis

The resprouted biomass dry weight was used as
indicative of the resprouting vigour, and it was the
dependent variable in the statistical analyses aimed
to detect differences among species.

In a simultanecous clipping experiment devel-
oped in the same two sites with several clipping
frequencies, a two-way ANCOVA (the lignotuber
upper-surface was included as a covariable) re-
vealed a similar pattern of differential response of
E. scoparia (the only species which appeared in the
two sites) to the clipping frequency treatments
between both sites (i.e. interaction of site and
clipping frequency: p-value=0.75; Paula and Oje-
da, unpubl.). This allowed pooling the individuals
of E. scoparia from the two sites, and proceed with
the comparisons among species.

The existence of changes in the relationship be-
tween the resprouting vigour and the upper surface
area of the lignotuber after the successive six-
month clippings was explored separately for each
species and clipping event by means of linear
regression analyses. Both variables were log-
transformed so as to meet normality and homo-
scedasticity requirements (Zar 1996).

The lignotuber upper-surface area (log-
transformed) and the resprouting vigour (log-
transformed) after each clipping event were
compared between species by means of indepen-
dent one-way ANOVAs. When necessary, post-hoc
multiple comparisons were performed by means
Scheffe’s tests.
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For the two ‘families’ of analyses (linear
regression and one-way ANOVA) that we
employed to test the same null hypothesis, we
applied the step-up false discovery rate procedure
(hereafter, step-up FDR) to establish the signifi-
cance levels. This procedure allows adjusting for
the probable inflation in Type I error under
repeated testing (e.g. Rice 1989), without com-
promising heavily the Type II error (Benjamini
and Hochberg 1995; Garcia 2003).

Results

For the three species, resprouted biomass after the
first clipping showed a significant positive rela-
tionship with surface area of the lignotuber
(Table 1; Figure 1). This pattern was less marked,
but still significant, in E. scoparia after the fol-
lowing five successive six-month clippings,
whereas it disappeared in E. arborea and E. aus-
tralis after the fourth and second clipping event,
respectively (Table 1, Figure 1). This can be
interpreted as a consequence of partial or total (i.e.
death) exhaustion after recurrent disturbance
(Figure 1).

Overall mortality throughout the experiment
was 26%, out of which 12% corresponded to
E. australis, 10% to E. arborea, and only 4% to
E. scoparia. Erica australis was the species that
first suffered mortality (August 1999; Table 1).
The first deaths detected for FE. arborea and
E. scoparia were in February 2000, increasing
notably in August 2000 for E. arborea (Table 1).
Deaths were more prevalent in plants with large
lignotubers, particularly in E. australis and, to a
lesser extent, in E. arborea (Figure 1).

Average values of resprouting vigour (i.e.
resprouted biomass dry weight) of each species
after each successive clipping are summarized in

Table 2. Due to the loss of linearity between
resprouted biomass and upper surface area of the
lignotuber after successive clippings in two of the
three species (Table 1; Figure 1), lignotuber size
could not be used as a covariate in the between-
species comparisons of resprouting vigour within
each clipping. Nevertheless, no significant differ-
ences were detected in the upper surface area of the
lignotuber between the three species (see Table 2).

In general, there is a decrease in the resprouting
vigour throughout the five successive clippings for
the three species, although spring regrowths (har-
vested in the August clippings) were larger than
autumn—winter ones (harvested in the February
clippings). This secasonal trend, as well as the res-
prouting vigour decline, was similar in the three
species until the last harvested regrowth, in August
2000, where resprouting vigour of both E. australis
and E. arborea were significantly lower than that
of E. scoparia (Table 2).

Cummulative rainfall in the six-month periods
March -August and September —February
increased steadily from 1998 to 2000 (Figure 2).
Therefore, the decrease in resprouting vigour
throughout the successive clippings cannot be
attributed to a possible depletion in soil moisture
levels.

Discussion
Resistance to highly frequent disturbance

In many fire and plant ecology contributions,
obligate- (sensu Keeley 1986) or strong- (sensu
Vesk et al. 2004) resprouter woody plants are
assumed to be utmost resistant to recurrent
disturbance such as wildfires (e.g. Keeley and
Zedler 1978). However, short intervals between
disturbance events have been reported to reduce

Table 1. Linear-regression results for the relationship between resprouting vigour (resprouted biomass dry weight, log-transformed)
and upper surface area of the lignotuber (log-transformed) within each six-month regrowth in the three Erica species. Significant linear
regressions (after step-up FDR) are shown in bold. Cumulative number of dead plants is shown in brackets.

Erica arborea n=11

Erica scoparia n=23 Erica australis n=16

August 1998
February 1999
August 1999
February 2000
August 2000

R*=10.58; p=0.006
R>=0.44; p=0.026
R?> =0.56; p=0.009
R*=0.20; p=0.17 (1)
R?=0.01; p=0.75 (5)

R*=0.66; p < 0.001
R>=0.30; p=0.007

R*> =0.45; p < 0.001
R =0.28; p=0.009 (1)
R>=0.24; p=0.019 (2)

R>=0.35; p=0.015
R*=0.14; p=0.15
R*=0.14; p=0.16 (1)
R*=0.01; p=0.73 (2)
R?=0.03; p=0.56 (6)
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Figure 1. Relationship between the lignotuber upper surface area and the resprouted biomass dry weight in the three species of Erica
after the first (solid circles and solid line) and the last clipping (open circles and dashed line).
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Table 2. Mean values (£ 1 SD) of lignotuber size (upper surface area; cm?), measured at the begining of the experiment, and six-
month-old resprouted biomass (dry weight; g) after each successive six-month clipping in Erica arborea, E. scoparia and E. australis.
Results of the one-way ANOVAs for the comparisons among species are shown. The existence of significant differences (after step-up
FDR for comparisons of the resprouted biomass) is shown in bold. Different letters indicate significant differences after post-hoc

comparisons (Scheffé’s test).

E. arborea (n=11)

E. scoparia (n=234)

E. australis (n=16) ANOVA results

Lignotuber size (cm?) 241.9+175.3 220.5+149.4 368.6+255.6 F>47=2.1; p=0.13
Resputed biomass (g)
August 1998 108.7+64.7 99.0+52.3 73.6+39.2 Fr47=14; p=0.25
February 1999 9.1+£9.0 13.0+8.4 18.7+20.1 F,47=2.4; p=0.10
August 1999 42.2+40.8 51.8+34.9 31.7+24.9 Fr47=1.7,p=0.20
February 2000 5.4+49 8.6+6.8 3.6+4.2 F47=4.1; p=0.024
August 2000 41+54a 17.5+14.8 b 8.0 £10.1a F> 47=6.4; p=0.003
450
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Figure 2. Overall rainfall in the six-month periods before each resprouted biomass harvesting throughout the field experiment.

the ability of strong resprouters to recover (Zedler
et al. 1983; Canadell and Lopez-Soria 1998; Bond
et al. 2001), probably as a result of a progressive
decrease in below-ground carbohydrate reserves
(Trabaud 1991; Canadell and Lopez-Soria 1998)
and/or in the number of dormant buds (Bell and
Pate 1996).

The three Erica species of the present study can
be classified into the strong-resprouter class, since
they recover vigorously after disturbance (Ojeda
et al. 1996b; Riba 1997; Cruz et al. 2003; this
study). Nevertheless, as Riba (1997) had already
reported for E. arborea, the resprouting vigour of
these strong resprouter species decreased after
frequent clippings to the ground level. Spring
regrowths (August harvests) were higher than
autumn ones (February harvests) in the three
species (see Table 2). Higher root starch reserves in
early spring (Kays and Caham 1991; Cruz and
Moreno 2001; Wildy and Pate 2002), and higher
soil water levels (Riba 1997; Wildy and Pate 2002)

have been proposed to account for this seasonal
pattern. More remarkably, despite their taxonomic
relatedness, similar morphology, and somewhat
similar ecological requirements, the decrease in
resprouting vigour was not equal in the three
species, being E. scoparia the most resistant to the
experimental, highly frequent clipping. However,
it shall be stressed that such differences were not
clearly detected until the fifth successive post-dis-
turbance regrowth.

Resprouting ability in woody plants is fre-
quently associated with fire as a selective pressure
(e.g. Bond and Midgley 2001; Ojeda et al. 2005),
and several studies have highlighted that respro-
uting vigour after burning could be lower than
after clipping in Erica species (Lloret and Lopez-
Soria 1993; Cruz et al. 2003), as well as in other
resprouter taxa (e.g. Vesk et al. 2004). However,
although absolute values of resprouted biomass
might thus be expected to be lower if plants of the
three Erica species had been burnt successively



instead of just been clipped, there is no reason to
believe that the reported rank order of the three
species in enduring repeated severe disturbance
might change.

Ecological distribution of the three Erica species
in the Strait of Gibraltar

The ecological distribution of these three species
of Erica in the northern side of the Strait of
Gibraltar was explained by Ojeda et al. (2000a)
as a consequence of a high tolerance of E. aus-
tralis and E. arborea to extreme environmental
conditions (high soil aluminium and dense tree
cover, respectively), and a higher performance of
E. scoparia in intermediate conditions, such as
those found in the understorey of Quercus suber
(cork oak) sparse woodlands. However, the lower
resistance of E. australis and E. arborea to fre-
quent, recurrent disturbance reported in this
study might account for the scarcity, or virtual
absence (E. australis), of these species in most
cork oak woodlands, since they have a long his-
tory of forest thinning and, particularly, frequent
scrub slashing for optimising cork production,
facilitating cork harvesting, and reducing the risk
of fire (Ceballos and Martin-Bolafios 1930; Tor-
res and Montero 2000). By contrast, the com-
paratively higher resistance to recurrent clipping
would allow E. scoparia to withstand such man-
agement pressure, and would thus contribute to
explain, together with its higher performance
under relatively mesic conditions (Ojeda et al.
2000a), its predominance in most Mediterranean
heathlands of the northern side of the Strait of
Gibraltar. This study supports the idea that land
use and management should be definitely taken
into account to understand current ecological
patterns in the Mediterranean vegetation (Pausas
1999).

However, the dominance of E. arborea in most
woody plant communities of the southern
(Moroccan) side of the Strait of Gibraltar, sub-
jected to a higher slashing pressure (Ojeda et al.
2000a), do not seem to be explained by the re-
sults reported in this study. We propose two,
non-mutually exclusive, testable explanations so
as to account for this overall abundance of E.
arborea in northern Morocco. First, the Strait of
Gibraltar might have acted as a biogeographical
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barrier for this circummediterranean species,
being the genetic distance between E. arborea
populations across the Strait higher than
expected by their geographic distance. Hence, we
hypothesise that there might be differences in
enduring frequent disturbance between E. arborea
populations from both sides of the Strait of
Gibraltar. Second, considering the broader
edaphic requirements of E. arborea (Aubert 1977,
1978; Ojeda et al. 2000a), this species would be
comparatively less affected by the more frag-
mented arrangement of sandstone patches in the
Moroccan side of the Strait of Gibraltar (Ojeda
et al. 1996a), thus being less prone to local
extinction.
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