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Abstract

The temporal dynamics of Pinus halepensis seedling emergence, density and survival were studied in detail
during the first postfire year, in five Aleppo pine forests of Attica (Stamata, Villia, Avlona, Kapandriti and Ag.
Stefanos; burned in June 1990, July 1990, September 1991, September 1992 and July 1993, respectively). The
timing of emergence and establishment of Aleppo pine seedlings was found to be correlated with the prevailing
meteorological conditions - mainly rainfall and to a lesser degree temperature. In most cases, seed germination
and seedling emergence took place in a “single massive wave” (resembling a right-skewed normal distribution),
shortly after the onset of the first postfire rainy season, (Stamata, Villia and Avlona; 80-90% of the total cohort
emerged during November-December). However, variations in the timing and spread of this pattern were observed
in Agios Stefanos and Kapandriti. In the former, there was a considerable delay of seedling emergence (80% by the
end of February); in the latter, a bimodal pattern was found (peaks in December-February and March-April). The
dynamics of pine seedling mortality (which amounted to a yearly 23-50% of the total cohort) showed two major,
discrete peaks of almost equal importance during the first postfire year: at the initial seedling establishment phase
(in the winter) and during the dry summer.

Introduction

Fire has apparently acted as a powerful agent of nat-
ural selection in the evolution and adaptation of the
Mediterranean flora as well as in shaping the Medi-
terranean landscapes into the present, mosaic-like
patterns with diverse levels of regeneration and de-
gradation (Le Houerou 1987; Naveh 1991; Thanos
1999). Fire resilience of Mediterranean-type ecosys-
tems and pine forests in particular is well documented;
postfire regeneration of a mature forest usually takes
place naturally and prolifically, provided that no sec-
ondary destructive disturbance, such as an additional
fire or grazing, occurs (Trabaud et al. 1985; Dafis
1987; Thanos et al. 1989; Moravec 1990; Thanos and
Marcou 1991; Thanos and Marcou 1993; Ne’eman et
al. 1993; Saracino and Leone 1993; Saracino et al.
1993; Kazanis and Arianoutsou 1996; Thanos et al.

1996; Herranz et al. 1997; Ne’eman 1997; Tsitsoni
1997; Thanos 1999; Arianoutsou and Ne’eman 2000;
Leone et al. 2000; Thanos and Daskalakou 2000; Tra-
baud 2000; Saracino and Leone 2001; De las Heras et
al. 2002; Retana et al. 2002; Verroios and Georgiadis
2002; Kazanis and Arianoutsou in press).

Pinus halepensis Mill. (Aleppo pine) is the dom-
inant, coastal (low-altitude) Mediterranean, pine tree
of Greece; its flammable forests cover a large fraction
(26%) of the Greek coniferous forests or a total area
of 372,000 ha - almost 3% of the total area of Greece
(Daskalakou 1996). Aleppo pine has evolved several
adaptive mechanisms in response to the “catastrophic”
fire events; being an obligate reseeder (usually killed
by a typical fire), this pine depends for its survival
upon a very powerful regenerative capacity, based on
both the yearly production of prolific seed crops and
the safeguarding of a fraction of its seed output in a
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cumulative canopy seed bank, within the serotinous
cones: a double or bet-hedging strategy of regen-
eration (Daskalakou and Thanos 1996; Nathan and
Ne’eman 2000). Postfire regeneration depends exclus-
ively upon the canopy seed bank as a result of both the
transient character of the soil bank of pine seeds and
the destruction of all seeds that happen to be found on
or near the soil surface during the fire. The postfire
seed rain in a mature Aleppo pine forest in Attica was
estimated to amount to several hundred seeds per m2

(Daskalakou and Thanos 1996). Seed germination and
seedling recruitment are well adapted to exploit the
postfire conditions and promptly colonize the open,
burned areas (Thanos and Skordilis 1987; Skordilis
1992; Skordilis and Thanos 1995; Thanos 2000).

Seed germination and seedling emergence of
Aleppo pine take place almost exclusively during the
first postfire wet season (Daskalakou 1996; Thanos
1999). The principal aim of the present study has been
the detailed, quantitative assessment of the temporal
pattern of Aleppo pine seedling recruitment during the
first postfire year. Several different cases of burned
forests, in Attica, were monitored and seedling emer-
gence, seedling density, mortality and overall estab-
lishment were investigated throughout the first postfire
year.

Materials and Methods

Field data were collected from five, recently burned,
Aleppo pine (Pinus halepensis) forests in the prefec-
ture of Attica, Greece. More specifically, the burned
forests studied are scattered on all the important
mountains of Attica: Stamata and Ag. Stefanos (Mt.
Pendeli), Kapandriti (Mt. Mavrovouni), Avlona (Mt.
Parnes) and Villia (Mt. Pateras). The study areas are
located to the NE-NW of the city centre of Athens at a
distance of 22, 23, 31, 29 and 42 km, respectively, and
at an altitude of 410, 300, 400, 480 and 550 m a.s.l.
The soils in Stamata, Agios Stefanos and Kapandriti
are schists and tertiary deposits while the remaining
two study areas are covered by hard limestone, a
typical substrate of many Mediterranean ecosystems.
The wildfires that burned entirely those Aleppo pine
forests took place, as usual, during summertime, in
July (Stamata and Villia 1990; Agios Stefanos1993)
and in September (Avlona 1991; Kapandriti 1992).

In each burned area, assessment of postfire regen-
eration was carried out on five permanent experimental
plots - transects, 10 m long by 1 m wide (not very

different from the 8 m by 2 m rectangles proposed
by Corona et al. 1998). These plots were established
at randomly selected sites, of varying exposures and
slopes of the burned forests, soon after the fire and
before the onset of the rainy season. Field observations
and measurements of Aleppo pine seedling emer-
gence, establishment, density and survival/mortality
took place at almost monthly intervals throughout
the first postfire year, October 1 to September 30
(Daskalakou 1996). All study plots were mapped in
detail; each emerging Aleppo pine seedling inside the
plots was recorded and tagged with a coloured plastic
ring or a numbered label and monitored for survival
throughout the observation period.

To assess the conditions prevailing during the par-
ticular postfire seasons, the data of two major Meteor-
ological Stations were used. These stations, located
at an altitude of 30 and 237 m a.s.l., respectively,
in Eleusis and Tatoi airports, are the closest to the
experimental sites (the former to Villia and the lat-
ter to the other four areas studied). For the entire
study period, 1990-1994, daily precipitation and mean
monthly values of the daily mean, maximum and min-
imum temperatures were provided by the National
Meteorological Service of Greece (EMY).

Results

Seedling emergence

Aleppo pine seedling emergence during the first post-
fire year, for each burned forest studied, are illustrated
as frequency histograms in Figure 1. A total number
of 250, 188, 228, 265 and 240 Aleppo pine seedlings
(in Stamata, Villia, Avlona, Kapandriti and Agios
Stefanos, respectively) were recorded in the total area
of 50 m2 in all five transects. As shown by the arrows
in Figure 1, a significant fraction of each cohort (79.6,
79.8, 87.3, 71.3 and 86.3%, respectively) emerged and
initially established within 2 months from the time
of first field appearance of the pine seedling cohort.
However, the bulk of seedling emergence was com-
plete from as early as the start of December (Figure 1,
Avlona) to as late as the end of February (Figure 1,
Ag. Stefanos). In both Kapandriti and Ag. Stefanos a
remarkable delay of seedling emergence occurred in
comparison to the other three sites and, in addition,
there was a second, much smaller, peak (or tail) in
emergence by the end of spring.

In Figure 2, the dynamics of seedling emergence
and establishment are illustrated in the same graphs
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Figure 1. The temporal pattern of Pinus halepensis seedling emer-
gence during the first postfire year in five pine forests of Attica
(burned in different years). Values correspond to pine seedlings
(found newly-emerged at specific observation dates, in a total area of
50 m2 of five permanent transects) expressed as a percentage of the
total number of seedlings (which appeared during the first postfire
year) per day (for the period between consecutive measurements).
The arrows and respective values denote the time and quantity (as
percentage of the total cohort) at the end of the main period of seed-
ling emergence. Time 0 is October 1 (the onset of the first, postfire
hydrological year).

Figure 2. The cumulative time course of Pinus halepensis seedling
emergence during the first postfire year in five pine forests of At-
tica (burned in different years). The step-like curves represent the
monthly average values of maximum, mean and minimum daily
temperatures recorded at the closest meteorological station for the
period studied. The vertical bars represent daily precipitation. Time
0 is October 1 (the onset of the first, postfire hydrological year).
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with the daily precipitation and the mean monthly tem-
peratures, for the corresponding, first postfire year.
Seedling emergence is converted into a cumulative
curve and all five curves follow sigmoid kinetics with
almost identical slopes (with the exception of a some-
what slower pace in Kapandriti). In the first two cases
(Stamata and Villia), the rainy season began at the end
of October and the bulk of seedling emergence (80%
of the total cohort) was completed almost two months
later. A significant amount of precipitation during the
first rainy week (26 and 16 mm, respectively) ob-
viously triggered pine seed germination; subsequent
pine seedling emergence was facilitated by the en-
suing wet conditions and the average temperatures
for the season - mean monthly temperatures around
15 and 10 ◦C for the first (November) and second
(December) month, respectively. In the third case of
Figure 2 (Avlona), the rainy season started early in
October and by the end of the month the precipit-
ation already amounted to 41 mm, while the mean
temperatures during the first two rainy months were
(similarly to the previous case) 15 and 10 ◦C (October
and November, respectively). Almost 90% of the total
cohort had emerged by the beginning of December
when the mean temperature dropped to 5 ◦C. In the
fourth case (Kapandriti), a short rainy spell early in
October was followed by an extended dry period till
the end of November; cool temperatures (below 10
◦C) prevailed during the delayed rainy season and pine
seedling emergence was clearly slowed down, not to
be completed before the end of March. A similar delay
was also observed in the last case (Agios Stefanos)
despite the fact that the rainy season began somewhat
earlier than in the previous case.

Seedling mortality and survival

Throughout the first postfire year, the total toll of dead
seedlings, in each of the five forest sites, respectively,
amounted to (in parenthesis the total number of seed-
lings emerged and the percentage of mortality): 125
(250, 50%), 89 (188, 47.3%), 86 (228, 37.7%), 61
(265, 23%), and 69 (240, 28.8%). Therefore, the over-
all annual mortality of pine seedlings ranged between
23 and 50% with an average (±SE) of 37.4±5.2%
(n=5). The dynamics of seedling mortality during the
first postfire year, for each of the five sites studied, are
shown in Figure 3. Two periods of pronounced mortal-
ity are quite clearly distinguishable in each frequency
histogram of Figure 3. During the first period (“the
early establishment phase”) which covers the whole

Figure 3. The temporal pattern of Pinus halepensis seedling mortal-
ity during the first postfire year in five pine forests of Attica (burned
in different years). Values correspond to pine seedlings (found dead
at specific observation dates, in a total area of 50 m2 of five per-
manent transects) expressed as a percentage of the total number of
non-surviving seedlings (during the first postfire year) per day (for
the period between consecutive measurements). The arrows (at the
end of May) and respective values denote the fraction of seedlings
(as percentage of the total number of non-surviving seedlings) per-
ished during the first postfire wet season (winter and spring). Time
0 is October 1 (the onset of the first, postfire hydrological year).
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rainy season (till the end of spring, May 31, marked
by the arrows in the graphs), mortality ranged between
40.8 and 80.2% of the annual total with an overall
average (±SE) of 61.2±6.4% (n=5). On the other
hand, mortality during the first postfire summer (“the
drought stress phase”) ranged between 19.8 and 59.2%
of the annual total with an overall average (±SE) of
38.8±6.4% (n=5).

Seedling population dynamics

The time courses of pine seedling density (Figure 4)
show, in all cases, an initial steep increase dur-
ing late autumn and winter followed by a plateau
and a relatively slight decrease thereafter. Despite
their diverging timing, the sigmoid-like, initial parts
of the curves showed similar slopes; in the linear-
like, decreasing parts of the curves the slopes were
markedly similar, almost identical. Maximum dens-
ity values ranged between 2.9 and 4.3 seedlings·m−2;
the maximum was observed as early as the begin-
ning of December (Avlona) or as late as April-May
(Kapandriti). The mean maximum density for all five
sites was 4.0±0.3 seedlings·m−2 (n=5) while the min-
imum density scored at the end of the observation
period (end of September) was 2.7±0.4 seedlings·m−2

(n=5).

Discussion

Aleppo pine postfire seedling recruitment takes place,
almost exclusively, during the first growth season after
a wildfire fully consumes a mature forest (Thanos
1999; Arianoutsou and Ne’eman 2000; Leone et al.
2000); during the subsequent years only a sporadic
seedling emergence has been observed in a few cases
(Daskalakou 1996; Herranz et al. 1997). From the
point of view of the fire-recruiter / fire-persistent syn-
dromes (Keeley 1991), Aleppo pine is characterised
as a fire-recruiter species and is anticipated to re-
cruit a new postfire seedling cohort exclusively during
the first postfire year. However, it must be borne in
mind that this species can also regenerate in fire-free
conditions (as mentioned earlier in the introduction),
particularly in forest gaps or in adjacent, open or dis-
turbed sites. The present work is the first one that aims
at a detailed investigation of seedling recruitment dy-
namics during the first postfire year, by far the most
critical period for the regeneration of a pine forest. In

all five forests of Attica, studied during four different,
consecutive years, markedly similar sets of data on
seedling emergence, mortality and population density
dynamics were obtained.

In all five cases, seed germination and seedling
emergence took place in a “massive wave” shortly
after the onset of the first postfire rainy season. The
bulk of germinable seeds (derived from the canopy
seed bank) were transformed into seedlings entirely
during winter (November-December) while in two
cases a small, additional portion emerged in spring,
as well. Smoothed curves of the seedling emergence
frequency histograms (Figure 2) are presented in Fig-
ure 5. All curves seem to follow right-skewed normal
distribution dynamics while in a single exceptional
case (Kapandriti) there was a bimodal pattern with a
second, minor spring peak. Therefore, it is confirmed
that pine seed germination and subsequent establish-
ment occur early in the natural, postfire succession of
vegetation. This conclusion is in close agreement with
the characteristics of Pinus halepensis seed germina-
tion revealed by laboratory experiments: a relatively
cool, temperature range of germination (5 - 25 ◦C)
with an optimum at around 15-20 ◦C and a maximum
final germination value (80-100%) attained within 2-3
weeks in either darkness or white light (Thanos 2000).
These characteristics would normally result in autumn
germination and are considered as an adaptation to the
Mediterranean climate. The autumn-germination tim-
ing confers an obvious ecological advantage, in that
seed germination is accomplished relatively early dur-
ing the rainy season and, consequently, the developing
seedlings can take advantage of most of the wet season
(mild winter and following spring) before the drought
of the Mediterranean summer (Thanos and Skordilis
1987; Skordilis 1992; Skordilis and Thanos 1995;
Thanos 2000). In the closely related eastern Mediter-
ranean pine, Pinus brutia, both laboratory predictions
and preliminary field results show that this pattern may
be modified in certain regions with more severe win-
ters: the seedling recruitment profile is shifted to late
winter or early spring (irrespectively of water availab-
ility), perhaps as a frost-avoiding mechanism for the
vulnerable seedlings (Skordilis and Thanos 1995).

A significant lag (of nearly one month) was ob-
tained when the dynamics of seedling emergence
were correlated with daily precipitation (Figure 2).
At optimal, laboratory conditions, Aleppo pine seed
germination begins about one week after onset of im-
bibition and is completed within another two weeks
(Thanos and Skordilis 1987; Daskalakou and Thanos
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Figure 4. The dynamics of Pinus halepensis seedling density, during the first postfire year, in five pine forests of Attica (burned in different
years). The vertical bars represent 1 SE (n=5 for each value).

1996; Thanos 2000). Under the suboptimal, temper-
ature conditions in the field, a second week should
be added to the initial “lag phase” of germination
and another one to two weeks for the early seed-
ling growth until the stage of cotyledon expansion
(Skordilis 1992). Allowing also some time (one to two
weeks) for the actual counting of germination in the
field, we arrive at a lag of about one month, after the
start of the rainy season until the first recording of pine
emergence. In the first three cases, the total duration
of seedling emergence lasted about four to six weeks,
much longer again than an optimal germination curve
in the lab (which requires one to two weeks, from
early- to late-germinating seeds). In the remaining two
sites, a considerable delay for the completion of emer-
gence was observed; this delay may be attributed to the
relatively low temperatures which prevailed during the
seedling emergence period.

In regard to seedling mortality it has been as-
sumed, almost unanimously, that the most prominent
reason of mortality is summer drought (e.g., Tra-
baud 1988). On several occasions, it was found that
the first postfire summer is by far the most crucial
period for the survival of seedlings in both Aleppo
and East Mediterranean pines (e.g., Saracino et al.
1993; Thanos et al. 1989). However, another decisive
season (the importance of which is usually disreg-
arded) is the first part of the rainy period, immediately
after the fire, when germination and early seedling
development and establishment take place. During a
three-year-long, postfire regeneration study of Aleppo

pine in Mt Parnes (Attica), Thanos et al. (1996) re-
ported the overall highest value of mortality during
the first postfire summer (June-September), the second
highest being recorded during the first postfire spring
(March-June). However, the previous study started
after the postfire seedling recruitment was terminated
(in March) and did not include the germination period.
The present study is the first one that covers the whole
recruitment phase from the onset of the first postfire
wet season. Two periods of pronounced mortality are
discernible (Figure 3); on average, the relative im-
portance of mortality during the “early establishment
phase” seems higher than during the “drought stress
phase” (61.2 to 38.8%). However, if mortality val-
ues are estimated on the actual number of seedlings
remaining alive (and not for the total of all emerged
seedlings) the percentages of mortality are not statist-
ically different: 22.4±3.2% (n=5) for the former phase
and 19.4±5.2% (n=5) for the latter one. Therefore,
it is concluded that both phases are of almost equal
importance for seedling survival; nevertheless, a final
reservation concerns the possible underestimation of
mortality during the first phase, due to seedlings that
either died at very initial stages and went unnoticed or
emerged after an observation date and failed to survive
until the next one.

The mortality values reported in the literature for
Aleppo pine seedlings show a large diversity, evid-
ently the result of both the differences in the forests
burned and the particular conditions prevailing during
the postfire years. Mortality percentages ranged from
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Figure 5. Smoothed distribution curves of Pinus halepensis seedling emergence over the first postfire year. Each curve corresponds to a burned
forest of Attica; 1: Stamata, 2: Villia, 3: Avlona, 4: Kapandriti and 5: Agios Stefanos.

as low as 11% after three years (Trabaud 1988) to as
high as 50% and 65% during the first postfire estab-
lishment period (Thanos et al. 1996; Saracino et al.
1993; respectively). In a recent work (Pausas et al.
2003) mortality was found to range widely in response
to fire severity and lowest values were observed after
a fire of high severity (ca 40% after 2.5 years). In
the present study, mortality during the first postfire
year (12-14 months after the wildfire and including
the generally overlooked establishment phase) ranged
considerably among the five sites (23 - 50%) and at-
tained on average (37.4%) a comparable level to that
of most reports mentioned above.

In three investigated locations of the present study,
the maximum value of pine seedling density (2.9-
4.3 seedlings·m−2) was recorded during the winter
months (December–February) while in the remain-
ing two, maximum density (4.2-4.6 seedlings·m−2)
was observed in spring (April-May). The overall,
average maximum density measured was 4.0±0.3
seedlings·m−2 while the minimum density scored at
the end of the observation period (end of September)
is 2.7±0.4 seedlings·m−2. Related studies on the re-
generation of burned Aleppo pine forests in southern
France (Trabaud et al. 1985) showed a quite low value
of density (0.1 seedlings·m−2) that was correlated to
both burned pine tree density and the distance to the
unburned forest. In another case, Aleppo pine seedling
density was found similarly low (0.07 seedlings·m−2)
in the first postfire June (Trabaud 1988). In burned

forests of northwest Algeria, the sapling density varied
between 0.16-0.23 seedlings·m−2, two years after fire
(Moravec 1990). In South African burned Aleppo pine
stands, 6.6-13.4 seedlings·m−2 were counted eight
months after fire (Richardson 1988). In a diachronic
study of P. halepensis postfire dynamics in Attica
(Thanos et al. 1996) density values markedly similar to
those of the present work were observed: a maximum
density of 5.51±0.36 seedlings·m−2, nine months
after fire and 2.40±0.20 seedlings·m−2 at the end of
the first postfire summer (1.33±0.10 seedlings·m−2,
39 months after fire). In a similar study in southeast-
ern Spain (Herranz et al. 1997), a maximum density
of 0.66 seedlings·m−2 was observed nine months after
fire (which declined to 0.24 seedlings·m−2, 39 months
after fire). Similarly low density values were repor-
ted in a recent work in eastern Spain (Pausas et al.
2003): an average of 0.45 and 0.27 seedlings·m−2

eight months and 2.5 years after fire, respectively.
Much more higher density variation was reported in
Italy (Saracino and Leone 1993) and on Mt Carmel in
Israel (Ne’eman et al. 1993) as well as for Pinus bru-
tia on Greek islands of Thasos (Spanos 1992; Spanos
et al. 2000) and Samos (Thanos and Marcou 1991;
Thanos and Marcou 1993).

In conclusion, and on the basis of the quite similar
dynamics in all five investigated sites of the present
study, the pattern of density dynamics during the first
postfire year comprises two consecutive curves: a first,
sigmoid part, timed according to the prevailing met-
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eorological conditions, and a second, linear part with
a rather slight, negative slope which starts immedi-
ately after the bulk of seedling recruitment has been
finished (i.e. sometime between December and May
and covering the whole observation period till the end
of September).
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