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Fire effects on the seed bank of three Mediterranean shrubs:

implications for fire management
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Abstract To evaluate fire effects on the soil seed
bank of a Mediterranean heathland, soil and litter
samples were collected under the three dominant
shrub species (Erica australis L., Erica umbellata
Loefl. ex L., and Pterospartum tridentatum (L.) Willk)
before and after an experimental fire. Target plants
were selected near to 12 points regularly spaced in a
grid layout in a 50 x 50 m plot. Soil heating by the
fire was estimated using thermocouples installed at
1.5 cm depth. The soil seed bank was dominated by E.
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australis and E. umbellata. Erica australis having
statistically significantly higher germination densities
under their conspecific shrubs. Pterospartum triden-
tatum was extremely underrepresented in the viable
seed bank, despite being the dominant species in the
vegetation. Fire did not produce significant differences
in the overall germination, but post-fire germination
density of E. australis was related to maximum
temperatures recorded at 1.5 cm depth. Special focus
was given to the seed bank of the obligate seeder E.
umbellata and its possible implications in population
regeneration after recurrent fires. There was, however,
no evidence that current fire frequency would imply a
risk of population decline, since E. umbellata seed
bank is abundant despite the scarcity of adult shrubs.

Keywords Erica umbellata - Erica australis -
Pterospartum tridentatum - Heathland - Soil seed
bank - Experimental fire - Temperature

Introduction

Heathlands currently occupy extensive areas of the
Mediterranean region, covering a total surface of over
110.000 km? (Calvo et al. 2012). These formations are
typically affected by fires and, in Portugal, represent
the most fire-prone land-cover type (Silva et al. 2009).
While heathlands are treated as important ecosystems
for nature conservation in Northern Europe, in the
Mediterranean they are generally considered marginal
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lands with low productivity and economic value, often
representing a degradation state of the climax vege-
tation (Calvo et al. 2012). Nonetheless, it is increas-
ingly recognized that Mediterranean heathlands
provide key ecosystem services, especially in relation
to traditional products from grazing by sheep and
goats and bee keeping.

Mediterranean heathlands are mainly composed of
Ericaceae (Erica and Calluna genera) and, to a lesser
degree, by Leguminosae and also Cistaceae families.
These families are well adapted to fire-prone environ-
ments, since they present traits that allow them to cope
with repeated fires, persisting after fires at the
individual level by resprouting (resprouters) and/or
at the population level through an in situ seed bank
(seeders) (Paula and Pausas 2008).

The main species addressed in this study—
Pterospartum tridentatum (L. Willk) (Leguminosae),
Erica australis (L.), and Erica umbellata (Loefl. ex L.)
(Ericaceae)—are common species in Portuguese and
Spanish heathlands. P. tridentatum is a legume with
hard-coated seeds (physical dormancy), and its ger-
mination is known to be stimulated by fire (Valbuena
and Vera 2002; Rivas et al. 2006; Vasques et al. 2012).
Erica species have small seeds that have the ability to
remain viable for many years in the soil (Thompson
and Band 1997; Gimingham 1972). Erica australis
seeds that may present physiological dormancy, with
ability to produce persistent seed banks, are known to
be stimulated by fire (Cruz et al. 2003; Vera et al.
2010; Vasques et al. 2012), but can also show
decreased germination after fire in the soil seed bank
(Valbuena et al. 2001). While both P. tridentatum and
E. australis are also strong post-fire resprouters (Paula
and Pausas 2008), E. umbellata is an obligate seeder
and therefore relies exclusively on the soil seed bank
for post-fire regeneration. Persistency of the seed bank
is not consensual between different populations (Paula
et al. 2009) and although heat has been reported as a
poor germination stimulus (Vasques et al. 2012),
exposure to smoke showed increased germination
percentage (Moreira et al. 2010).

The spatial variability in plant recruitment after fire
has been studied in several habitats. For example, the
post-fire establishment of Pinus halepensis occurs
mainly around mature trees, while shrubs and herbs
are mostly recruited in gaps and shrub patches (Eshel
et al. 2000). A study in a Mediterranean shrubland
showed that while soil seed banks of herbs were
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spatially related to the patterns in the vegetation, the
soil seed bank of woody shrubs was not (Torres et al.
2013). However, to date no studies were found that
explore fine scale of soil seed banks in relation to the
distribution of aboveground shrub species.

Understanding the fine scale relationship between
soil seed bank distribution patterns and the shrub species
in the vegetation may be valuable for predicting post-fire
vegetation composition, specifically in relation to the
regeneration of obligate seeders. High recovery of the
vegetation due to resprouting of the dominant species
can leave little opportunity for seedlings of obligate
seeder species like E. umbellata to establish, mature,
and produce seeds (Rego et al. 1991; Fernandez et al.
2013; Fernandez and Vega 2014. If seed distribution of
obligate seeders is highly associated with the spatial
distribution of the mother plants, the risk of local
extinction greatly increases with increasing fire recur-
rence, given that soil seed banks become progressively
exhausted (e.g., Ferrandis et al. 1999; Ottewell et al.
2009; Calvo et al. 2012). The understanding of the post-
fire vegetation dynamics, particularly in respect to fire-
interval, is essential in fire-prone ecosystems like
Mediterranean heathlands that are often managed by
prescribed fires for decreasing wildfire risk or creating
pastures for grazing (Fernandes et al. 2013).

This study intends to analyze how fire (management)
may affect the potential for the community to regen-
erate from the seed bank. The specific objectives are to

1. assess the representativeness of the three main
species of the aboveground vegetation in the seed
bank sampled under the different shrubs and the
implications in terms of the post-fire community
regeneration and

2. evaluate the impact of fire on the seed bank of the

main species, using several fire severity estimations.

Materials and methods
Study site

The study site was a heathland located in Central
Portugal, near Castanheira de Péra. This habitat can be
classified under the Natura 2000 classification heath-
land type 4030, with co-dominance of Erica umbel-
lata, Erica australis, and Pterospartum tridentatum
(Aguiar and Capelo 2000; ICNF 2013).
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The study site comprises a series of plots where
experimental fires have been carried out during the last
decades. The plot studied here had not been burned for
8 years (Viegas, D. X., pers.comm.). It was approx-
imately 50 x 50 m, with a slope angle of 8 % and NE
aspect. By the time of this study, the aerial fuel load of
the plot was estimated to be 35 ton ha™' of mainly fine
fuel provided by the shrub canopies. Pterospartum
tridentatum clearly had the highest cover (60-70 %),
followed by Erica australis (~30 %) and sparse
individuals of Erica umbellata (<10 %), resulting in a
continuous shrub cover (~ 100 %). The cover of other
woody species, like Halimium spp. and Cistus spp.,
was not representative in the plot, although they were
present in the vicinity (Supplementary Material 1).

Experimental layout and field sampling

In the study plot, 12 sampling points were established
in a grid layout, and each of them was equipped with a
thermocouple, buried at 1.5 cm depth (EL-USB-TC,
Lascar Electronics) (Fig. 1). Within a 1.5 m radius
from each thermocouple, one specimen of at least two
or, if present, of the three dominant shrub species (P.
tridentatum, E. australis, and E. umbellata) was
selected. Even though the distance between the
selected shrubs was small, the overlap area between
their canopies was minimal. As illustrated in Fig. 1, 12
P. tridentatum, 10 E. australis, and 6 E. umbellata
specimens were selected, roughly reflecting the rela-
tive abundance of the three species.

Before the experimental fire, the selected plants
were described in terms of height and canopy
diameter.

Samples of the seed bank in the soil and litter were
taken from below the canopies of the target shrubs,
before and after the experimental fire. To this end, the
litter layer and upper 3 cm (Maia et al. 2012; Traba
et al. 2004) of the mineral soil were collected
separately over a square area of 625cm’ (a
25 x 25 cm square). This sampling area was posi-
tioned such that one of its corners coincided with the
center of the canopy, and was marked with pins at the
three other corners to avoid overlap in pre- and post-
fire sampling areas.

Immediately after the fire, the ash layer (post-fire
“ash” samples were often a mixture of unburnt,
scorched, and burnt litter and ashes. Hereafter it will
be referred to as “ash”) and the upper 3 cm of the

mineral soil were also collected separately from an
adjacent square area of 625 cm>.

Fire severity estimations

At each sampling point (Fig. 1), a thermocouple (EL-
USB-TC, Lascar Electronics) linked to a data logger
was installed at a depth of 1.5 cm in the soil. The
samples collected under the two or three target shrubs
of each sampling point were assumed to have expe-
rienced the same temperatures. For each sampling
point, the maximum temperature recorded by the
thermocouple during fire was computed. Two of the 12
thermocouples were malfunctioning during the exper-
imental fire.

Furthermore, the diameters of the five thinnest
branches of each target specimen were measured at
1 cm below the tip of the branch (see Maia et al.
2012b). Additionally, the volume of litter consumed
by the fire was also estimated, as the difference
between the volume of litter (pre-fire) and the volume
of ashes (post-fire) collected under each of the target
plants. The amounts of litter and ashes were computed
as 1 m~? (volume was estimated with a measuring

cup).
Seed bank assessment

The composition and density of the seed bank was
evaluated by the indirect method (seedling emer-
gence), which was considered to be adequate for the
first 5 cm of soil (Price et al. 2010). This method may
underestimate seed densities and richness compared
with the direct observation (Gross 1990), but the
viable portion of the seed bank, which effectively
influences the post-fire community, will be able to
germinate.

The litter, ash, and soil samples were transported to
a greenhouse, where the bigger rocks and wood debris
were removed manually before measuring the vol-
umes of the litter and ash samples. Each individual
sample was then spread over a 3-cm-thick layer of
vegetable substratum in an aluminum tray that had
been perforated to allow for water drainage. In
addition, 15 trays containing only turf were also
placed in the greenhouse, in order to control for
possible weed contamination. Five of the 127 trays
suffered an accident at the beginning of the
experiment.

@ Springer



Plant Ecol

Erica australis

Erica umbellata

Pterospartum tridentatum /(1/

~50m

Fig. 1 Location of the study site and plot as well as schematic view of the experimental set-up comprising 12 sampling locations with

two or three target plants and equipped with thermocouples

All 122 trays were then placed in a greenhouse on
May 29, 2010 for a period of 10 months under ambient
temperature and natural photoperiod. The germination
trays were watered as needed by means of sprinklers
connected to an artesian well.

The seedlings that emerged in each tray were
counted at 1- to 2-weekly intervals and were all
marked with metal pins to avoid double counts.
Seedlings were removed and discarded as soon as
they could be identified. Where identification was
difficult, seedlings were transplanted to individual
pots to allow growth and subsequent identification.
During the experiment, the individual trays were
also photographed at monthly intervals to have a
documented record and, if needed, clarify possible
doubts about species identification. In a few cases,
species identification of Erica spp. seedlings was not
possible due to seedling mortality, so those samples
could not be included for E. australis and E.
umbellata statistics.
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Data analysis

Data analyses were carried out with IBM SPSS version
19. Assumptions for parametric analyses could not be
met, even after performing various data
transformations.

The comparison of densities of Erica australis, E.
umbellata, and P. tridentatum seedlings, between the
three sampling locations (EAU, EUM, PTR), was
done with the Kruskal-Wallis test. Post hoc pairwise
comparisons were carried out using the Mann—Whit-
ney U-test in the individual pairs, correcting o by the
Holm’s sequential Bonferroni method (Holm 1979).

The differences between pre- and post-fire germi-
nation densities were analyzed by means of univariate
General Linear Models (GLMs) performed on the rank
data, using sampling time (pre—post-fire) as a fixed
factor and sampling point (1-12) as a random factor.
To analyze the differences in the samples collected
before and after fire for the different target species
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(EAU, EUM, PTR), Mann—Whitney U was used
instead.

The Spearman correlation coefficient was used to
test the relation between pre-fire and post-fire seedling
density and vegetation measurements (shrub height,
shrub diameter, litter volume collected under each
shrub). The relation between the proportional changes
in seedling density after fire and fire severity estima-
tions (maximum temperature recorded, mean twig
diameter, and consumed litter volume) was also tested,
for the different target species.

The lack of reliable data in 2 of the 12 thermocou-
ples reduced the sample size for the correlations
between post-fire germination densities and tempera-
ture data. The 12 PTR samples were reduced to 10, the
10 EAU to 7, and the 6 EUM samples were reduced to
4.

Results

Before the experimental fire—seed bank
under the three target species, relation with plant
size and litter volume

Seed germination from the litter samples revealed a
poor relation with the canopy species, for all of the
three target species, and was highly variable. Erica
umbellata was the only species to exhibit much higher
seedling density under the same species canopy but
without statistically significant differences (p > 0.1)
(Fig. 2a; Table 5).

The seed bank of the topsoil revealed a clearer
association with the canopy species, compared to the
seed bank in the litter. This was specifically the case of
Erica australis, with significantly higher germination
density in the samples collected under EAU than in
other locations (p < 0.05). An analogous pattern,
although not statistically significant, was found for
E. umbellata. P. tridentatum seedlings were, as in the
litter layer, scarce at all sample locations (Fig. 2b;
Table 5).

The size of the shrubs was variable, but the
diameter of the canopy always exceeded the sampling
area (Table 1). The seed density in the litter was
related to the canopy size but the relation was not the
same for the three target species (Table 2). The seed
bank of E. umbellata was significantly related with
canopy diameter (p = 0.975; p < 0.05), its density

increasing with increasing canopy diameter. By con-
trast, the density of E. australis seedlings appeared to
be negatively related with the height of the shrubs
before (p = —0.676; p < 0.1). The amount of litter
covering the soil also varied between and within
species (Table 1), but seedling densities were not
related with litter volume. The density of seedlings in
the soil samples was in no case related with plant size
(Table 2).

Experimental fire—fire severity estimations

The temperatures recorded during the experimental
fire were quite variable along the plot, but did not
exceed 71.5 °C (Fig. 3; Table 3). After fire, the
canopies of the shrubs were completely burned;
however, the litter was only totally consumed in one
sample under P. tridentatum (Table 3). Mean twig
diameter of the individual species was variable
(Table 3); in EAU, the maximum was twice as high
as the minimum, in EUM the maximum was threefold
the minimum, and in PTR the maximum was nine
times higher than the minimum (Table 3). However,
twig diameter was not related with soil temperatures or
with the amount of consumed litter (Supplementary
Material 1).

After the experimental fire—relations
between germination densities and the fire-related
variables

Fire markedly decreased the overall density of
seedlings germinating from the litter samples of both
Erica species, but not of P. tridentatum (Table 5).
However, the germination densities of the different
species were not related with the same fire severity
indicators (Table 4a). In particular, the densities of P.
tridentatum and E. umbellata seedlings in the soil were
positively correlated with the volume of remaining
ashes. E. umbellata density was also negatively related
to twig diameter, while the density of E. australis
seedlings was negatively related to the maximum
temperature recorded at 1.5 cm depth (Table 4a).
Despite the absence of a significant impact of fire
in the overall germination in the soil (Table 5), there
was some suggestion that the heterogeneous fire
severity promoted differential effects on the germi-
nation of E. australis in the soil samples. The
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Fig. 2 Boxplot of germination densities from the litter and soil
samples collected before (a and b) and after the fire (¢ and
d) below the canopy of the target species. Target species: EAU
E. australis, EUM E. umbellata, PTR P. tridentatum. Different
lower case letters indicate statistically significant differences in

germination of E. australis seemed to be enhanced
with exposure to temperatures up to 40.5 °C, but
increasingly inhibited by higher temperatures
(Fig. 4). Moreover, the proportional change in E.
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seed density (only occurring for E. australis seeds), between
samples collected below the different target species’ canopies.
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seed density between target species samples. Black dots are
means. Note the difference in the y-axis scale on ¢)—max 120

australis seedling density after fire was negatively
related with  the maximum  temperature
(p = —0.857, p = 0.014; N = 7) (Table 4b).
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Table 1 Description of the target sample points before the experimental fire

EAU (n = 10) EAU (n = 6) PTR (n = 12)

Min Mean Max Min Mean Max Min Mean Max
Plant height (cm) 100 148 170 60 92 120 80 102 130
Canopy diam (cm) 90 930 200 30 83 120 80 118 200
Litter amount (1 m™2) 11.2 14.9 16.0 6.4 12.8 144 9.6 15.1 19.2

Minimum (min), mean, and maximum (max) values of plant size and litter amount of the three target species
EAU Erica australis, EUM Erica umbellata, PTR Pterospartum tridentatum

Table 2 Spearman correlations between measures of the vegetation and germination densities in the samples collected before the

fire

Pre-fire vegetation

Target species N Litter/ash Soil
Height Canopy Litter Height Canopy Litter
diam volume diam volume
Seedlings m* EAU 8-10 —0676 ~s —0.512 ns 0.277 ns —0.132 ns 0.117 ns —0.135 ns
before fire  gym 5 0.308 ns 0.975* —0.154ns  0316ns 0.300 ns —0.103 ns
PTR 9-10 0.230 ns 0.588 ~s 0.441 ns —0.184 ns —0.525 ns —0.409 ns

Only seed banks of the target species are considered (EAU Erica australis, EUM E. umbellata, PTR Pterospartum tridentatum)

P values lower than 0.1 are marked with ~s and those lower than 0.05 with *

Fig. 3 Soil temperatures Soil temp during fire at 1,5 cm depth
recorded in the plot. The
experimental fire began 80 - min
approximately at 11.30.
Post-fire sampling and 70 - e median
recovery of the
thermocouples began at o 60 A s max
3 pm <
o 50
S
2
© 40 A
g
g 30 A
2
20 A
10 et
0 1 1 1 1 1
10:00 AM 11:00 AM 12:00 PM 1:00 PM 2:00 PM

Time (hh:mm)

3:00 PM
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Table 3 Fire severity variables estimated for the individual target plants and at the plot scale (overall)

EAU (n = 8/10)

EUM (n = 5/6)

PTR (n = 10/12) Overall

Min Mean Max Min Mean

Max Min Mean Max Min Mean Max

Twig diam (mm) 7.4 10.7 159 59 96
Max temp (°C) 245 463 715 280 43.8
Time > 30 °C (min) 0.0 118.1 2940 0.0 806
Time > 50 °C (min) 0.0 10.0 340 00 88
Ash amount (I m™2) 4.0 7.0 12.8 0.8 4.4
Cons litter (1 m ™) 8.0 174 240 128 193

17.6 1.3 5.8 9.7
69.5 245 439 715 245 439 71.5
225.0 00 953 294.0 00 953 294.0
26.0 0.0 8.0 34.0 0.0 8.0 34.0
9.6 0.0 7.6 25.6 0.0 5.0 25.6
31.2 1.6 215 44.8 1.6 195 44.8

Target species: EAU E. australis, EUM E. umbellata, PTR P. tridentatum. Overall values for consumed litter amount include all 28

litter samples (12 PTR, 10 EAU, and 6 EUM)

Table 4 Spearman correlations between post-fire measures and a) post-fire seedling densities and b) proportional changes in

seedling densities after fire

Fire severity estimations

Target species N Ash Soil
Max tem. Twig Ash Max tem. Twig Ash
diam volume diam volume
(a) Seedlings m? before fire EAU 7-10  0.273ns  —0.038 ns 0.252 ns —0.786* —0.561 ns 0.420 ns
EUM 4-6 - —0.131 ns  0.393 ns —0.400 ns —0.900* 0.900*
PTR 10-12 -0.174 ns —0.097 ns 0.099 ns 0.130 ns —0.002 ns  0.594*
(b) A/pre-fire seedlings m> EAU 7-9 0.430 ns  0.364 ns 0.099 ns —0.857* —0.427 ns  —0.050 ns
EUM 4-5 0316 ns - —0.406 ns —0.600 ns —0.086 ns 0.551 ns
PTR 7-9 0.356 ns —0.456 ns  0.252 ns —0.204 ns - -

Only seed banks of the target species are considered (EAU Erica australis, EUM E. umbellata, PTR Pterospartum tridentatum).
P values lower than 0.05 are marked with *. — means that Spearman correlation is 0

Discussion

Seed bank variability in relation to vegetation
characteristics and species dispersal mechanisms

The review of Bossuyt & Honnay (2008) has shown
that, among a wide variety of ecosystems, heathlands
are the ecosystem which can better rely on the
germination from the soil seed bank for post-distur-
bance community restoration. They have pointed out
the overwhelming dominance of Ericaceae seeds in
relation to other species in the seed bank. The present
study draws evidence in the same direction, as the
litter and the topsoil seed bank of this community were
clearly dominated by E. australis and E. umbellata,
even though P. tridentatum was the dominant species
in the aboveground vegetation. Moreover, seed
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densities of the two Ericaceae were more abundant
under their conspecific shrubs, which was statistically
significant at least in the case of E. australis. This
implies that future studies of soil seed bank sampling
should take into consideration the spatial distribution
of the main shrubs of the vegetation.

Variability in seedling density was much higher in
the litter than in the soil, amounting to twice as high
mean values. This higher variability found in the litter
seed bank was probably the reflection of the higher
seed input of seeds to the litter and, on the other hand,
of the higher mortality rates in the litter than in the soil
(Facelli and Pickett 1991; Nathan and Muller-landau
2000; Denham et al. 2009; Chambers and MacMahon
2011). Fire occurrence promoted a remarkable
decrease in germination density in the litter, likely
due to litter consumption. However, due to the high
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£ = potential for seedling mortality in the litter layer
_q;> ?3 g" (Facelli and Pickett 1991; Denham et al. 2009), this
= g % 1111111 decrease may carry limited consequences for the post-
3 fire community regeneration.
Q . .
= N [Py A study conducted in a heathland dominated by E.
S g S v © O &~ »n © L. .
° gl o (S ~s) australis, in the north of Spain (Valbuena and Trabaud
§ . 2001), showed extremely similar overall seed bank
73 E é n o Ao o density to the present study (un-
?D glg|8a8 =28 burnt = 1050 seeds m~2). Like this study, the dom-
f inant species in the standing vegetation were not
k= B + © 0 © & o « proportionally represented in the germination from the
o) g S T T v © © o . .
s gl2 3 o Q9 seed bank—Pterospartum tridentatum in our study
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g glgl®a 847 standing vegetation to low seed viability or high
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2 " germination at some locations while inhibiting it at
2 %" N © o o < © other locations. Maximum temperature was related
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'c% N e = to changes in germination density of Erica australis,
g e | - even if the relation with the other severity estima-
o Eo E -;5 tions was not clear. Fernandez et al. (2013) did not
£ 2 gls|°e=dee=e- find such relation between fire temperature and
é g . Erica australis germination, but inter-population
»a glegadsgsesgd variability in fire-related response may explain
% g glag EES N . . o
£ .5 differences in post-fire germination (Cruz et al.
':) = o | = 2003; Vasques et al. 2012). A differential role of fire
'_% S ‘E % ® oo e o o severity was also observed in the soil seed bank of a
S - . . .

9 < & ls| e QTR maritime pine stand, in which the small net changes
e p g
&1 © © w o in germination of Erica spp. were attributed to
‘é g < g g S ® = 5 germination stimulation after low-severity fire,
3% = oaaa e = counterbalanced by seed mortality in high-fire

8§38 > severity patches (Maia et al. 2012).
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£z ; f § § § é § § pre-fire fuel load (estimated by shrub size or litter
§ - E El g 3 § 53 § volume) and fire temperature recorded in the soil. In
% S 3 3 § §¢8 Tg s § 8 fact, the litter layer remained unburned in the vast
ol -3 ©v 2 kAR R A A majority of the plot, indicating that the experimental
§ : . fire that caused a nearly complete combustion of the
ég & aerial biomass did not achieve corresponding high
5] . . .
S o & severity at the soil level (Keeley 2009). The maximum
" E Z ?o temperatures recorded in the present study, at 1.5 cm
=g 5|E 2 % ~ (44 + 17 °C), were probably not enough to stimulate
& 813 < OB germination of P. tridentatum seeds; germination from
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Fig. 4 Proportional

changes in germination

density, along a gradient of

maximum temperature 2 -

recorded by the
thermocouples installed at
1.5 cm depth. The values ~ 1,57
correspond to proportional E
density differences (post— » 17
pre-fire)/pre-fire, for Erica 8’
australis, considering the % 0,5
samples collected under 3
EAU shrubs @ 0 :
=
© 24,5 28
g 0,5
o
14
-1,54

seeds of a neighboring population was reported to be
stimulated after heating at 80 and 100 °C (Vasques
et al. 2012). This may imply that the indirect method
for evaluating the seed bank was not effective for P.
tridentatum, since it remained unclear whether low
germination densities could be attributed to low seed
bank density caused by seed predation (e.g., graniv-
orous ants; Clarke and Campbell 2006; Fox and
Deveny 2006) or low seed production (e.g., legume
predation by weevils—Podlussany et al. 2001; Rodri-
guez et al. 2011), or simply due to lack of stimulation
by fire. The use of the direct method for evaluating P.
tridentatum seed bank might be proven more helpful
in future studies.

Studies in the Mediterranean report that post-fire
cover values of Erica australis and Pterospartum
tridentatum are likely to increase in relation to the
pre-fire situation, while those of E. umbellata are
likely to decrease (Céspedes et al. 2014; Fernandes
et al. 2013; Fernandez-Abascal et al. 2004; Rego
et al. 1991). This highlights the vulnerability of
Erica umbellata, being an obligate seeder in a
community where it is clearly dominated by
resprouters, which in addition is known to have
potential low mid-term seedling survival (Quintana
et al. 2004; Fernandez and Vega 2014). Neverthe-
less, at the present time there is no evidence of
decline of the Erica umbellata population, since its
seed bank is abundant despite the scarcity of adult
shrubs and moreover does not seem to be strongly
related with the distribution of adult shrubs.
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Conclusions

— E. australis and E. umbellata were well repre-
sented in the soil seed bank, being the dominant
taxa. The density of P. tridentatum seeds in the soil
seed bank was very low, despite being the
dominant species in the standing vegetation.

— The density of E. australis seeds in the soil was
significantly higher under its canopy, and the same
was suggested for E. umbellata.

— There were no significant overall effects of fire on
germination from the soil seed bank; however, the
heterogeneous temperatures attained in the soil
caused divergent effects over the plot—in some
sampling points germination was increased, while in
others it was decreased. In particular, the differences
of E. australis germination density were significantly
related with maximum temperature.

— E. umbellata soil seed bank was more abundant,
but not limited to the area under its canopy. In this
sense, the use of prescribed burning, as a tool for
the reduction of fire hazard and severity, should
not imply an imminent risk of decline for this
species in the community, as long as fire intervals
permit plants to mature and replenish the seed
bank.
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