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ABSTRACT

The December 2010 forest fire on Mount Carmel — the largest recorded in Israel — burned about 2500 ha of Mediterranean forest. We
documented the immediate and short-term changes of the vegetation following this fire. Relative vegetation cover and plant species richness
were sampled in five sites in spring 2009 and 2010, prior to the fire, and were re-sampled in 2011 and 2012. The number of recurrent fires
(between 0 and 3) and time intervals between fires were documented for each site. We observed a strong decrease in total vegetation cover,
associated with reduction of relative cover of woody vegetation. In the second year after the fire, shrubs and dwarf shrubs became dominant at
all sites. Time intervals between fires played an important role in determining the extent of regeneration of the vegetation cover and plant
species richness. Plant species richness immediately decreased after the fire in sites with a short fire interval, while in sites with a long fire
interval, plant species richness increased. Relative plant cover was associated with the time from the last previous fire, and this association
differed among different plant groups. These results suggest that vegetation and plant community regeneration after recurrent fires is
accelerated when time intervals between fires are longer, whereas high fire frequency may suppress vegetation regeneration. Based on the
results, we propose that forest regeneration after recurrent fires depends largely on time from the previous fire, rather than on the number
of previous fires. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION 2004; Herman, 2009), changes in precipitation regime and
decrease in the length of the rainy season (Wittenberg
et al.,2007a). Other factors, such as changes in land use, fire
suppression and rural abandonment, influence the increase
in fire frequency (De Luis et al., 2003; Ubeda et al., 2006;
Pérez-Cabello et al., 2010; Carreiras et al., 2014). Studies
show an increase in the number and area of fires, as well
as in fire frequency, resulting in recurrent fires (Pausas
et al., 2008). Thus, the effect of recurrent fires on vegetation
regeneration after fires becomes a relevant question for eco-
logical management of burnt areas.

Mediterranean-type ecosystems are generally resilient to
forest fire, mainly owing to the high proportion of plant spe-
cies adapted to fires (Naveh, 1990). Post-fire plant species
composition tends to revert to pre-fire composition through
auto-succession or direct regeneration (Hanes, 1971; Buhk
et al., 2007). However, fire frequency may change the
vegetation cover and community structure (Naveh, 1990;
Lloret & Montserrat, 2003; Lloret et al., 2003). An increase
in fire frequency prevents reversion to pre-fire condition of
the forest vegetation and homogenizes the vegetation into
shrubland or grassland, regardless of the pre-fire species
composition (Moreira et al., 2011). Recurrent fires reduce
vegetation cover and plant density (Lloret et al., 2003;

Wildfires have important impacts on the Earth’s ecosystems,
including soil properties, runoff and erosion, vegetation
composition and biomass. Wildfires often have negative im-
plications on human societies and are a cause of land degra-
dation (Cerda, 1998 a, b; Martin ef al., 2012; Guénon et al.,
2013; Carreiras et al., 2014; Keesstra et al., 2014; Pereira
et al.,2014). The impact of fires can damage the soil system,
and then the benefits that soils offer can be lost, which will
trigger the desertification processes (Keesstra et al., 2012;
Brevik et al., 2015).

Fire is a frequent disturbance and a dominant factor in the
evolution and ecology of Mediterranean areas (Ne’eman,
1997; Schaffhauser et al., 2012; Leén et al., 2013; Navora
etal.,2013; Hedo et al., 2014). Ash is also an important fac-
tor that controls nutrient and erosional response and may
change all ecological systems (Pereira et al., 2015).

Although most fires in the Mediterranean basin are an-
thropogenic rather than natural (Keidar, 2001; Espelta
et al., 2008), fire frequency is expected to increase owing
to global warming, resulting in increasing temperature and
evapotranspiration (Dfaz-Delgado et al., 2002; Pausas,
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Eugenio & Lloret, 2004, 2006; Delitti et al., 2005; Eugenio
et al., 2006; Herman, 2009), but their effect on plant species
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richness is not clear — increasing (Delitti ez al., 2005) or de-
creasing it (Goudelis et al., 2007). Species-relative
abundance is also affected by recurrent fires; for example,
the population of the common shrub Ceanothus oliganthus
Nutt nearly became extinct in California owing to recurrent
fires (Zedler et al., 1983). The time interval between
successive fires also plays a crucial role in vegetation resil-
ience. Increase in plant biomass after recurrent fires is
positively correlated to the time between two successive
fires (Diaz-Delgado et al., 2002).

Biological traits of the dominant species can also affect
the rate and direction of forest post-fire resilience. For exam-
ple, Diaz-Delgado et al. (2002) showed that forests domi-
nated by resprouting Quercus spp. were more resilient than
Pinus spp. forests after the second fire. The transformation
of tree-dominated landscape into shrubland or grassland af-
ter recurrent fires is mostly due to elimination of species that
require a relatively long recovery time, such as Pinus
halepensis Mill., which requires 15-20 years to fully recover
after fire (Eugenio ef al., 2006; Moreira et al., 2011; Tessler
et al., 2014). Short intervals between recurrent fires reduce
the time available for dominant species to re-establish before
the next fire (Beckage & Jack, 2000; Delitti et al., 2005) and
change the regeneration ability of species that regenerate by
seeders (‘obligate-seeders’) and species that regenerate by
resprouting (Keeley, 1986; Beckage & Jack, 2000; Delitti
et al., 2005).

The present study examined the patterns of vegetation
resilience after recurrent fires in Mediterranean forest and
magquis, following the December 2010 fire on Mount Carmel.
This fire, in an area susceptible to recurrent fires (Tessler
et al., 2012), provided a unique opportunity to study the
effect of recurrent fires on vegetation properties and
rehabilitation. The objectives of this study were as follows:
(1) to assess the effect of recurrent fires on species richness
and community structure during the dynamics of vegetation
recovery; (ii) to test the effect of different intervals between
recurrent fires on vegetation recovery; (iii) to estimate the
synergistic effect between number and time intervals
between recurrent fires on vegetation recovery; and (iv) to
quantify the short-term dynamic of vegetation recovery.

Although there is a considerable amount of knowledge on
post-fire forest regeneration, there is still a gap in understand-
ing the short-term processes shortly after fire. In addition, most
studies on the effect of recurrent fires on vegetation cover used
remote sensing analyses (Wittenberg et al., 2007b; Malkinson
etal., 2011), but their ability to detect regeneration of the veg-
etation community or to identify the structure of the vegetation
communities is limited. Our study provides a unique high-
resolution short-term documentation of the dynamics of the
vegetative recovery process. Specifically, we (i) partitioned
the vegetation into functional plant groups, (ii) introduced
the effect of time interval between recurrent fires and (iii) doc-
umented the immediate effect of fires. Introducing these three
components into the study of post-fire vegetation recovery
provides a detailed view into the dynamics and enables us to
identify processes otherwise masked.

Copyright © 2015 John Wiley & Sons, Ltd.

Incidentally, shortly before the 2010 fire, we performed
vegetation sampling in Mount Carmel (Tessler, 2013). This
offered an opportunity to document the initial recovery by
re-sampling these sites immediately after the 2010 fire and
during the following year, and to compare the results with
the pre-fire situation. Here, we present the results of this
sampling and test the hypotheses of different pathways by
which recurrent fires and the intervals between them affect
vegetation resilience in a Mediterranean forest.

A recent study of Mount Carmel, which compared the ef-
fect of recurrent fires on the vegetation cover using remote
sensing, suggested that recurrent fires reduce the cover of
woody vegetation (trees, shrubs and dwarf shrubs) at a re-
gional scale (Malkinson et al., 2011). While the interaction
between the number of fires and the time between them is
important, there is also evidence that the negative effect of
recurrent fires on woody plant cover is independent of the
time interval between successive fires (Delitti ez al., 2005).
This supports the expectation that species composition
change in Mount Carmel will be accompanied by a change
in vegetation cover during the recovery after the 2010 fire.

MATERIALS AND METHODS

The December 2010 fire was the largest forest fire ever re-
corded in Israel. The fire burned about 2500 ha of natural
and planted forest. The fire spread rapidly owing to the large
amount of dry biomass (fuel) that had accumulated on the
surface over many years, and specifically after the extremely
dry 8 months since the end of the rainy season prior to the
fire (Kutiel, 2012). Low humidity (20%) and strong easterly
winds (above 40 kmh™'; Paz et al., 2011) facilitated the
spread of the fire over a large area. The fire burned about a
third of the area of Mount Carmel National Park (>3 x 10°
trees) and caused 44 fatalities and extensive damage to set-
tlements and to the Nature Reserve (Perevolotsky et al.,
2011; Tessler, 2012; Ne’eman et al., 2013).

Mount Carmel is a mountain range rising from the
northern Mediterranean coast of Israel to an elevation of
546 m above sea level, isolated by a belt of surrounding
lowlands (Figure 1). The climate in Mount Carmel is typical
Mediterranean: hot dry summers and rainy winters, with
average annual precipitation of up to 750mmy ' at the
highest parts and about 550 mmy ' along the coast (Kutiel,
2012). The mean annual temperature is 11-2°C in January
and 24-7°C in August (Ashbel, 1970). Mean annual poten-
tial evaporation exceeds 1500 mmy .

The bedrock is composed of Upper Cretaceous carbonate
rocks, including limestone, chalk, dolomite, marls and some
intrusions of volcanic tuff, which create a heterogenic land-
scape (Karcz, 1959; Kashai, 1966; Zilberman et al., 2006;
Segev & Sass, 2009). The typical soils in the region are
Brown Rendzina (Haploxerolls, Xerochrepts) and Terra
Rossa (Xerochrepts, Rhodoxeralfs) (Soil Survey Staff,
2006). Both soil types are reddish-brown in colour, with a
silty-clay loam texture, and contain considerable amounts
of rock clasts. Some Grey Rendzina rich in lime covering soft
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Figure 1. Map of the 2010 fire in the Mt. Carmel (solid outline), fires before 2010 (dashed line) and location of study sites (triangles). This figure is available in
colour online at wileyonlinelibrary.com/journal/ldr.

chalk is located in the north-facing slopes (Komyumdjisky
et al., 1966; Dan ef al., 1972; Dan & Komyumdjisky 1979;
Yaalon, 1995).

The vegetation on Mount Carmel is a typical Mediterranean
forest and maquis, consisting of both natural and planted
P, halepensis Mill. (Ne’eman et al., 1995; Schiller et al.,
1997; Tessler et al., 2014). Quercus calliprinos Webb.
occurs in a more open and patchy mosaic of maquis and
open shrubland. The open patches are dominated by either
shrubs (dominated by Cistus salviifolius Webb. and Cistus
creticus L.), or herbaceous vegetation, which occur among
the Pinus spp. trees (Zohary, 1962; Izhaki et al., 2000).
Pre-fire vegetation in all study sites was composed of natural,
long-standing (80-100years), mixed forest of P halepensis
Mill., Q.calliprinos Webb. and a dense understorey of
shrubs and dwarf shrubs (Lorentzen et al., 2009). Early
auto-succession vegetation after fires consists of seedlings
of P. halepensis Mill., which compete with seedlings of both
Cistus spp. and thorny shrubs such as Calicotome villosa
Poir. and Genista fasselata Decne. (Ne’eman et al., 1992;
Ne’eman, 1997; Eshel et al., 2000).

All study sites were located in the higher part of Mount
Carmel, about 350 m above sea level, on south-facing slopes
in five areas that were re-burnt (Figure 1 and Table I). Each
fire area is represented by a site of 0-1-0-3 ha, selected in a
previous study by Tessler (2013) to represent different num-
bers of fires. The study area is a National Park, and the study
sites remained with no management practices and gave a

Copyright © 2015 John Wiley & Sons, Ltd.

good opportunity to follow the natural vegetation recovery
with no human action.

The study examined the effect of recurrent fires on vege-
tation cover, plant species richness and species composition
in five sites, differing by the following: (i) number of previ-
ous fires and (ii) time elapsed since the last fire. The study
sites were burnt during the 1983, 1989, 2006 and 2010 fires.
Three categories were analysed: single-fire sites, two-fire
sites and three-fire sites. Sampling was performed at three
time periods. Pre-fire sampling was performed in spring
2009 (Sites H and I in Table I) and in spring 2010 (Sites
M, K and L in Figure 1), prior to the 2010 fire. These sam-
plings were performed as a part of a research project aimed
at testing the effect of recurrent forest fires on soil and
vegetation (Tessler et al., 2012; Tessler, 2013). The second
sampling took place at all sites in spring 2011, 4 months
after the fire. The third sampling was performed in spring
2012, 16 months after the fire.

Vegetation cover and species richness were measured
along randomly placed linear transects (Stohlgren, 2007).

Table I. Study plots and their fire history

Single fire Two fires Three fires

M (2010) H (1989; 2010)

K (2006; 2010)

1(1983; 1989; 2010)
L (1983; 2006; 2010)

Years of fires of each site are in parentheses.
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Each plant on the line was recorded, as well as its cover
along the transect. The total sampling length of transects be-
fore the 2010 fire was 240 m in each site. Preliminary anal-
yses showed that optimal sampling must be 100 m in order
to obtain satisfactory plant species richness, where 240 m
sampling is too long and does not provide significant in-
crease in the information (data not shown). Hence, the total
length of the sampling transects in 2011 and 2012 seasons
was reduced to 100 m.

Plants recorded along the transects were divided into three
main groups: (i) ‘herbaceous’, including geophytes and an-
nuals; (i) ‘trees’, including mature trees (unless died in the
fire), sprouting trees (such as Q. calliprinos Webb.) and
seedlings of trees (mostly of P. halepensis Mill.); and (iii)
‘shrubs’, including shrubs and dwarf shrubs such as Pistacia
lentiscus L., C. salviifolius Webb. and Micromeria nervosa
Desf. We also sampled exposures of bare soil and rock.
The relative vegetation cover of each group was calculated
as the length of the transect segment covered by vegetation,
divided by the total transect length.

All plants were identified to the species level. Species
were recorded as either ‘present’ or ‘absent’ in each site
and in each sampling period. Plant species richness was de-
fined as the number of species recorded along the transect.

All statistical analyses were performed in R software (R
Development Core Team, 2011). We used generalized linear
model (GLM) to analyse the vegetation cover of each vege-
tation type (in %) as a function of sampling period (before
the 2010 fire, and one and two seasons after the fire), time in-
terval between the 2010 fire and the previous fire (either 4 or
21 years) and the number of fires before the 2010 fire (zero,
one or two). It is important to note that all sites were burnt
in 2010; hence, the total number of fires in the sites was
one, two or three, respectively. Initially, we performed
GLM with all the factors and their interactions and compared
this full model with nested ones using the Akaike informa-
tion criterion to test for the contribution of each factor.

To test for possible changes in species composition, we
recorded for each species whether it was present or absent
in each site and each sampling period. For each plot sepa-
rately, we produced a list of all the species that were re-
corded in at least one sampling. A species was scored as
‘1” if present in a sampling and ‘O’ if absent. Hence, the
number of species present in a certain year is taken from a
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specific (observed) species pool, and thus, the presence of
a species in a plot was assumed to be taken from a binomial
distribution. We performed GLM with binomial distribution
to test for the effect of site and sampling period on species
richness.

RESULTS

The relative cover before the 2010 fire was the highest
(192%) in the area that was not burnt before 2010 (Site M)
and was reduced in all plots after the fire (Table II). Total
cover at all sites decreased from between 112% and 192%
before the 2010 fire to less than 100% (up to 70%) after
the fire. Although an increase in the relative cover was doc-
umented at all sites between the first and second sampling
seasons after the fire, only in Site M, which was not burnt
before 2010, did the relative cover increase to slightly over
100% in the second year (Figure 2).

Tree species composition after the fire was dominated by
P halepensis  Mill., Q. calliprinos Webb., Rhamnus
alaternus L., Pistacia palaestina Boiss. and P halepensis
Mill., similar to that prior to the fire.

In Site M, which was not burnt before 2010, the relative
cover of trees decreased from 93-4% before the fire to less
than 6-5% in the first sampling after the fire, and to less than
3-2% in the following year (Table III). This was mostly due
to delayed death of mature P. halepensis Mill. trees that sur-
vived the fire (also Tessler et al., 2014).

The relative vegetation cover of the various vegetation
types changed significantly through time after the 2010 fire
(Table IV). The relative cover of trees in both sites that were
burned in 1989 and 2006 was initially low (average of 27%
and 8%, respectively) and decreased to an average of less
than 2% in both sites after the 2010 fire (Table III). The re-
covery of trees in the second year was low in these sites
(5-2% and 2-9%, respectively; Table III). In the sites that
were previously burnt in 2006 (Sites K and L), the relative
cover of shrubs and dwarf shrubs was similar before 2010
(average of 88%). Immediately after the 2010 fire, the rela-
tive shrub and dwarf shrub cover decreased to 1-4—17% at
all sites and increased to 20-59% in the following year. In
the site that was not burnt before 2010 (Site M), the relative
cover of shrubs and dwarf shrubs was 50-7% before the
2010 fire and reached 40-8% in the second year after the fire

Table II. Number of plant species and total vegetation relative cover in five plots in Mount Carmel before the 2010 fire and in the following

years
Before 2010 fire 2011 2012
Plot Fires Interval Spp. Tot.co. Spp. Tot.co. Spp. Tot.co.
H 2 21 39 124 41 70 79 94
I 3 21 49 142 57 82 61 92
K 2 4 91 127 41 96 53 91
L 3 4 91 112 68 78 81 86
M 1 0 52 192 36 100 43 103

Fires, number of fires that occurred in the sample area (2010 fire included); Interval, years between the 2010 fire and the previous fire (O denotes no previous

fires); Spp., number of species; Tot.co., total vegetation cover (%).

Copyright © 2015 John Wiley & Sons, Ltd.
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Figure 2. Relative vegetation cover (%) before the 2010 fire and in the first

and second years after the fire. M — control site, not burnt before 2010; K
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L — last fire in 2006; H and T — last fire in 1989. This figure is available
in colour online at wileyonlinelibrary.com/journal/ldr.

(Table II). The relative cover of herbaceous species in-
creased at all sites immediately after the 2010 fire and de-
creased in the following year almost to the same level as
before the fire at all sites (Table III).

The differential change in time of the relative cover of the
various vegetation types was also affected by the number of
fires before the 2010 fire (Tables IV and V). On the contrary,
the time interval between the 2010 fire and the previous fire
did not affect this change in relative cover (Table IV).

A total of 278 species were recorded in this study in all
sampling sites and years. Prior to the 2010 fire, the number
of species varied between plots according to the time since
the previous fire (Table II). Species composition was signif-
icantly different between sampling periods, nested within
sites (analysis of wvariance with binomial distribution:
F1o. 1638 =10-60, p < 0-001). In all sites, species composition
before the 2010 fire was significantly different from that af-
ter the 2010 fire (contrast analyses, p < 0-05; Figure 3).

DISCUSSION

Our results indicate clear differences between short-term and
long-term dynamics. We found that differential long-term
dynamics among sites were associated with differences in
the number of previous fires and time intervals between
them (Tessler, 2013; Tessler et al., 2014).

Dramatic changes in vegetation cover and plant species
richness immediately after the December 2010 fire, in com-
parison with those of the next season, were found at all sites
(Table IIT and Figure 3). A decrease in vegetation cover was
expected to occur after a fire, where even low fire severity
changes the vegetation (Lavorel, 1999; Brown & Smith,
2000). Similar to our results, a general increase in vegetation

N. TESSLER ET AL.

Table IV. Results of analysis of variance for the differences of
plant groups, year of sampling and time from the last fire on rela-
tive vegetation cover

F
Source DF SS value  Significance
Cover type 4 15,605 7153 p <0-001
Year 2 3,923 3597 p<0-001
Number of previous fires 2 202 1-85 p=0:-191
Time from last fire 1 10 0-18 p=0-675
Cover type x year 8 14225 326 p <0001
Cover type x number of 8 5,656 1296  p<0-001
previous fires
Cover type time 4 3,827 1754  p<0-001
from X last fire
Cover 20 5,725 525 p <0-001
type X year X number of
previous fires
Cover type X year X time 10 874 1-6 p<0:05
from last fire
Residuals 15 818

Significant effects are marked in bold.

cover was documented in Mount Carmel 3 years after recur-
rent fires using remote sensing techniques by Malkinson
et al. (2011).

Although Mediterranean species are resilient to fire, short
intervals between recurrent fires affect the persistence of
some species. However, different plant functional types dif-
fer in their persistence, a difference that also depends on the
history of the burnt area (Morrison et al., 1995; Lavorel,
1999; Lloret & Vila, 2003; Delitti et al., 2005; Syphard
et al., 2006; Tessler, 2013).

Plant functional types showed differential recovery rates
in our sampling sites (Table IIT). Tree cover before the fire
was higher in the plot that was not burnt than in plots that
experienced recurrent fires (Figure 2). Nevertheless, imme-
diately after the fire, herbaceous plants were the dominant
group at all burnt plots, as previously shown by Trabaud
& Lepart (1981). In the second year after the fire, shrubs
dominated the burnt areas, but this dominance varied among
sites with different time intervals between fires (Table III).
Similarly to our findings, other studies also showed a lower
recovery rate of some woody species as a result of recurrent
fires (Espelta et al., 2008; Herman, 2009). Recurrent fires
have different effects on seeders and resprouters. Seeders,
such as P, halepensis, require a relatively long period be-
fore renewing the canopy-stored seeds (Ne’eman et al.,
2004; Tessler et al., 2014), whereas resprouters, such as

Table III. Relative cover (%) of three plant groups before the 2010 fire and in the first and second seasons after the fire

Control sites

2006-1ast fire before 2010 1989-1ast fire before 2010

Before 4 months 16 months Before 2011 2012 Before 2011 2012
Herbaceous 41-3 209 53-0 55-8 70-9 619 16-8 453 30-3
Trees 934 6-5 3.2 8-1 0-0 29 27-0 1.5 52
shrubs and dwarf shrubs 50-7 14 40-8 88-1 5-8 25-8 88-4 13-6 55-8

Results were averaged for sites that experienced the last fire before 2010 in the same year (K, L and H, I).

Copyright © 2015 John Wiley & Sons, Ltd.
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Table V. Mean relative cover (%) before and after the 2010 fire

1429

A — before 2010 fire

B — 4 months after the fire

C — 16 months after the fire

Sites Tot.co. Tre. Shr. Her. Tot.co. Tre. Shr. Her. Tot.co. Tre. Shr. Her.
M 192-1 93.3 50-6 413 100-4 6-5 1-4 20-8 103-8 32 40-8 530
H+K 125-9 22-8 783 36-5 83-2 0-4 6-5 555 92-8 5-7 36-5 51-5
I+L 127-9 122 98-1 36-1 80-5 1-0 12-8 60-7 89-3 23 45-0 40-6

Sites, sampling site divided to groups of fire numbers; Tot.co., total vegetation cover (%); Tre., trees; Shr., shrubs and dwarf shrubs; Her., herbaceous.
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Figure 3. Number of species in the study sites before 2010 fire, and in the
following 2 years. Site M — control, not burnt before 2010; K and H — one
fire before 2010; L and I — two fires before 2010; K and L — last fire in
2006; H and I - last fire in 1989. Different letters above bars within site de-
note significant differences in species composition in years (analysis of var-
iance with binomial distribution, contrast analysis, p < 0-05, see text). This
figure is available in colour online at wileyonlinelibrary.com/journal/ldr.

0. calliprinos Webb., suffer from short intervals between
fires as well, because of the exhaustion of stumps and roots
(Trabaud & Lepart, 1981) and because of the lower nutrient
availability in areas experiencing recurrent fires (Pausas
et al., 2003; Eugenio ef al., 2006).

Shrub cover in the second year after the fire was higher in
sites with longer periods between recurrent fires (21 years;
Table III) and increased by an average of 55%, compared
with an average of 25% for sites with a shorter period
between recurrent fires (4 years). This is in contrast to the
findings of Delitti ez al. (2005), where herbaceous and dwarf
shrub species cover was shown to be higher in sites with fire
intervals of more than 3 years than in sites that were burnt
more frequently. As of now, we are not aware of any hy-
pothesis that can test for the reason for such differences.

Although plants in Mediterranean environments show
high post-fire regeneration ability (Trabaud et al., 1985;
Naveh, 1990), our results suggest that the extent of vegeta-
tion recovery is related to the time elapsed since the last fire.
We found that post-fire plant species richness varied accord-
ing to the history of the fires, specifically owing to the time
since the previous fire (Table V). While plant species
richness decreased in sites that were burnt a short time
(4 years) before the 2010 fire, it increased in sites with lon-
ger periods (20 years) since the previous fire. As previous
studies have suggested, an increase of fire frequency in
Mediterranean-type ecosystems reduces ecosystem resil-
ience (Keeley et al., 1999; Lavorel, 1999; Diaz-Delgado

Copyright © 2015 John Wiley & Sons, Ltd.

et al., 2002; Pausas et al., 2008; Nijhuis, 2012). Other
studies documented an increase in plant species richness
(Watson & Wardell-Johnson, 2004; Delitti et al., 2005).
For example, Delitti et al. (2005) indicated that the most re-
currently burnt areas with short fire intervals showed higher
species richness, mainly the herbaceous and subshrub spe-
cies group, and of these, the hemicryptophytes.

Reduced species richness and lower relative plant cover in
areas with 3-year recurrent fires were documented by
Goudelis et al. (2007). While the difference between species
richness before and after the fire was correlated to the time
since the last fire, species composition was affected mainly
by the number of recurrent fires. Species composition in
the site where the 2010 fire was the first documented fire
was not significantly different from the first and second
seasons after the fire in sites that experienced recurrent fires
before 2010 (Figure 3).

Overall, the present study showed that the areas that, prior
to the 2010 fire, had reached the stage of ‘young forest’ be-
cause of the longer time interval between the fires recovered
better after the 2010 fire, while sites previously dominated
by shrubs, owing to a shorter time interval between the fires,
had not recovered well. We conclude that the time interval
between fires plays a crucial role in vegetation resilience
following forest fire, such as the Carmel 2010 fire. We argue
that this study contributes to the knowledge on post-fire
vegetation recovery because it concentrates on the effect of
both the number of fires and the time between recurrent fires
on vegetation recovery and plant species richness. This
study elucidates both long-term and short-term recovery
dynamics and thus sheds light on the expected regeneration
processes in the coming years.

CONCLUSIONS

Our conclusions are drawn in a few levels. First, we con-
clude that the particular combination of vegetation and inter-
vals between fires, namely, shrub-dominated vegetation that
underwent longer intervals between fires, recovered better
than sites with shorter intervals between the fires. Second,
we conclude that vegetation response to fire in the short term
is affected by the time elapsed from the previous fire. Third,
we conclude that species composition and community struc-
ture are influenced by the number of recurrent fires. Finally,
these conclusions were revealed mainly owing to the sam-
pling performed immediately after the fire. We argue that
sampling vegetation recovery immediately after the fire is
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crucial for partitioning accurately the combined effect of
number of recurrent fires and time intervals between them
on vegetation and species richness recovery. Unless mea-
sured immediately after the 2010 fire, such partitioning
would have been obscured.
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