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Abstract

Soil samples from three microhabitats (gaps, beneath shrubs and beneath trees) in five stands of various post-fire
ages (6-55 years) were collected in an east Mediterranean Alepp®iping halepensiforest. Total germinable

seed bank densities varied between 300 and 1300 seeds’pkierbaceous taxa were the major constituents of

the germinable seed bank in gaps, regardless of stand age. Perennials were the major components beneath shrubs
in all stands except the youngest stand where herbaceous species were the major components in all microhabi-
tats. Important tree and shrub species (Rinus halepensjQuercus calliprinosPistacia lentiscus, Phillyrea

latifolia) of the mature pine forest were not an important component of the soil seed bank and therefore, little
resemblance was observed between the above-ground plant species composition and soil seed bank composition.
This is consistent with the fact that these species regenerate by resprouting rather than by germination from the
seed bank. Both microhabitats and forest-stands, which were of different ages, contributed to the variation in taxa
richness, germinable seed density and diversity among samples. The effect of small-scale spatial heterogeneity
(among microhabitats) was much more pronounced. In contrast to other studies, species richness, species diversity,
and density of seed banks did not decrease with post-fire age. Moreover, stand age was a poor predictor for these
attributes of the soil seed bank in an Aleppo pine forest. The heterogeneity plays an important role in conservation
and management of this ecosystem.

Introduction the above ground vegetation (Trabaud et al. 1997; but
see Looney & Gibson 1995). The number of seeds
Fire is the major natural disturbance in coniferous in the seed bank usually decreases with soil depth
forests, but because these plants are well adapted(Hill & Stevens 1981; Putz & Appanah 1987), but
to fire, the recovery starts rapidly (Clark & Wilson the protection of the seeds from fire’s heat increases
1994). Recruitment of seedlings after fire is depen- (Bond & van Wilgen 1996). Density and diversity of
dent upon factors relating to the soil seed bank, such seed banks are usually high early in succession and
as size and composition of the dormant seed bank, decline with time (Garwood 1989; Pickett & McDon-
longevity of the dormant seeds and their mortality nell 1989; Roberts & Vankat 1991; but see Milberg
due to fire (Whelan 1995; Bond & van Wilgen 1996). 1995). The largest seed banks do not always appear
Therefore, there is great interest in the environmental in the youngest successional communities (Zammit &
factors and mechanisms that control seed bank sizeZedler 1988). In addition, the number of herbaceous
and compoasition. species in the seed bank decreases with time (Roberts
Several spatial and temporal factors have been & Vankat 1991; but see Looney & Gibson 1995).
found to affect soil seed bank under secondary suc-  Although numerous studies have investigated seed
cession. The size and composition of a seed bank isdensity and species composition of soil seed banks
often correlated with the density and composition of (Leck et al. 1989), relatively few studies have in-
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Table 1. Characteristics of the five Aleppo pine stands on

vesngated either the among_Stand effects, known as Mount Carmel, Israel, in which soil seed bank was studied.

B-diversity (Sweeney 1956) or the effect of within-
stand patchinese;diversity, on seed bank density and Stand age Location  Lastfire Altitude m Rock

composition. None of these studies was carried out above sea  formation
in east Mediterranean pine forests. The role of seed

. . . . Hai-bar 1989 370 Shair

banks may be more important in this ecosystem with . .
it nal climate than in tems where seedlin Mitla = 1983 340 Shamir
Sseaso ap a? .a d ecosyslems gesee &g 20 Etzba 1974 180 Dalia
recruitment is not limited to one season (Jimenez 38 Arkan 1956 420 Hreibe
Armesto 1992)' >55 Sanatorium unknown 340 Dalia

The Aleppo pine forest on Mt. Carmel is a mo-
saic of many stands that differ in many environmental
characteristics such as elevation, distance from the
seashore, bedrock, soil, and fire history (Schiller
et al. 1997). Furthermore, each of these forest stands
is composed of a mosaic of various microhabitats,
associated with the above-ground vegetation: gaps
(clearings), beneath dwarf shrubs and beneath pine
trees.

The purpose of this study is to explore patterns in
soil seed bank within an Aleppo pinPifius halepen-
sis Mill.) community in relation to the heterogeneity
between and within stands on Mt. Carmel, Israel. Soll
samples were collected from these three microhabi-
tats in five pine forest stands of various post-fire ages.
The importance of stand heterogeneity in shaping the
soil seed bank in such pine forests was studied by
comparing seedling richness, density, composition and
diversity among these microhabitats across stands in|n each of the five sites, soil samples (225 x 5 cm
different post-fire stages. deep) were collected every 5 m along each of five par-

allel 60-100 m transects. An effort was made to ensure
that these transects represented the intra-site variation

the post-fire regeneration of the natural Aleppo pine
forest can be find in Ne’eman (1997).

The understorey of the natural pine forests on Mt.
Carmel is composed mainly of small trees such as
Quercus calliprinosand Pistacia palaestina shrubs
such asPistacia lentiscus Phillyrea latifolia, and
climbers such aSmilax asperandClematis cirrhosa
(Schiller et al. 1997). Among the pine trees there are
shrubby patches dominated mainly Bjstus salvi-
ifolius and C. creticus and gaps with mainly herba-
ceous vegetation. The area of the shrubby patches and
the herbaceous gaps is from 10-100 m

Soil sampling, fire treatment and seedling emergence

Methods including the different moderate slopes and various as-
_ pects. The soil samples were categorized according to
Study sites three microhabitat types: beneath trees, beneath shrubs

and in gaps that were covered with the remains of the
. ; . herbaceous vegetation. Eleven to 29 soil samples were
area on Mt. (_Zar_mel, in the Israeli Mediterranean re- collected for each microhabitat in each stand, exceptin
gron. Each §|te IS part of a forest stand of 1-10 ha. ¢ 38-year stand where no gaps were found to sample.
The cllmate is typical Medlterrangan vylth a mean an- Each soil sample was spread uniformly over a ger-
nual rainfall of 600-700 mm. Five sites of natural - ination (20x 30 cm) flat. The flats were placed into
Pinus halepensifrests with known fire history, based a pre-heated dry-oven at 150 for 25 min. The actual

on aerial photographs, were selecfced in the Summertemperature at 1 cm depth reached 100A prelimi-
(J“UG‘J“'V) of 199_4' Sta_nd age, altitude a”?' rock for- nary study showed that this treatment yields maximal
mations of the various sites are presented in Table 1. germination (Izhaki and Ne’eman unpublished data).
The rocks in all sites are various formations of chalky T1q fiats were randomized in an open garden and wa-

marls with typical yellow Rendzina soils. The slope in tered by an automatic overhead sprinkler system to
all sites was<10°. These five forest stands represented keep the soil moist

atime sequence ranging from 6 to 55 years since fire. Seedling emergence was recorded every three
No record of fire was documented for the oldest forest days. Identification of seedlings was done to the

stand (Sanatorium) in the ast 55 years, hence we usedgyq ieq Jevel or to the closest possible taxa. Seedlings
this value as an estimation for stand age. More data on\yere removed from flats after identification. The ex-

The study sites were located within a ¥010 km
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periment ran from 15 October 1994 until 28 January clearly seen. Thus, ordination axes (representing gra-
1995, when no new seedlings emerged for 10 consec-dient of change in community composition) in CCA
utive days. The number of germinated seeds pér m are extracted with the constraint that the axes are linear
(hereafter germinable seed density) for all taxa was combinations of pre-defined external variables which

calculated. have been scored for each sample (Prentice & Cramer
1990). The main assumption of CCA is that the re-
Statistical analysis sponse model of the taxa to the external variable is

unimodal (e.qg., ter Braak 1995).

The ordination diagram of the CCA method allows
simultaneous plotting of species scores and exter-
nal variables in a ‘species-conditional biplot’ scaling.
The centroids (weighed average) of categorial exter-
nal variables are represented in the diagram by points
rather than arrows (ter Braak 1994). Each taxa point
in the diagram is at the centroid (weighted average)
of the sample points in which it occurs (ter Braak
1995). Taxa that are close to each other are expected
to be similar in their distribution across the stands and
microhabitats.

To measure the association between species and
ernal variables we used the eigenvalue that mea-
sures how much variation in the species data is ex-
plained by each axis, hence, by the external variables
(ter Braak 1995). A Monte Carlo permutation test was
used to test the extent to which variation in the com-
munity composition is related to variation in external
data and is significantly different from random (ter
Braak 1995). The external variables were randomly
re-assigned to the samples within sites (restricted per-
mutation test). The data were then re-analyzed in
this way 99 times to test the null hypothesis that
seed bank composition was unrelated to the external
variables (microhabitats and years since fire). Signif-
icance probabilities of the null hypothesis are given
for the overall 'trace’ (sum) of the eigenvalues for the
constrained (canonical) axes (ter Braak 1987, 1995).
Density data was transformed to lgg(number-1)
prior to analysis.

The main objective of this study was to reveal the
source of variation in soil seed bank among microhab-
itats and stands of different ages. Thus, first we used
two-way ANOVA (SAS 1988) to analyze the effect
of both microhabitats and stands on germinable seed
density per rin the upper (5 cm) soil layer (for each
taxon and for all taxa combined), taxa richness (no. of
taxa per flat) and diversity using Simpson index (D)
(Begon et al. 1996). Germinable seed density data was
transformed to logy (number-1) prior to statistical
analysis to correct the normality of the distribution and
to improve homogeneity of variance.

Although the five stands selected for this study rep- ext
resented a post-fire chronosequence, the variation in
germinable seed density among stands may originate
from the variation in other environmental factors than
age (Zammit & Zedler 1994). Furthermore, a robust
statistical analysis of time-since-fire effects demands
replicates from each post-fire age, which unfortunately
are not available under natural fire regime. Thus, sam-
pling along transects from different slopes provided
a minimum level of replication over the chronose-
guence. In order to reveal the differences in the seed
bank among the three microhabitats while control-
ling the possible effect of stand age, we used the
years since fire as the covariate. The relationships be-
tween microhabitats and germinable seed density, taxa
richness and diversity were investigated using one-
way ANCOVA (SAS 1988) with years since fire as
covariate.

Germinable seed taxa composition

To examine the relationships among taxa composition Results

and the external variables such as microhabitats and

stands, Canonical Correspondence Ana|y3is (CCA) Sources of variation in soil-seed bank on Mt. Carmel
was selected from the CANOCO 3.1 program of ter pine forest

Braak (1987). This technique detects the patterns of i i
variation in the germinable seed taxa data that can 1WO-Way ANOVA revealed that both microhabitats

be explained ‘best’ by the observed external variables and Sta”?'S were responsible for the yariation among
(Palmer 1993; ter Braak 1995). CCA ordinates taxa samples in total germinable seed density, taxa richness

using axes that are constrained to be linear combina-2"d ,dNer:S'tY (Table 2). Hﬁwever, the variation due
tions of the measured external variables, so that the {0 Microhabitats was much stronger as indicated by
relationship between taxa and these variables can pehigher mean square values. The coefficient of variation



118

4 HETree A Mtree
+ B Shrub E shrub
T OGap Ogap

|

Seedling density

Number of taxa
O=2NWAOOOO~N®

L

A AB
A
A A
.
11 20 38 55

Stand age (years)

Stand age (years)

Figure 1. Taxa richness (meatt SE) of germinable seed bank of  Figure 2. Total germinable seed density pef fmeanz+ SE) in

three microhabitats (gaps, beneath trees and beneath shrubs) fronthree microhabitats (gaps, beneath trees and beneath shrubs) from
five pine-forest stands on Mt. Carmel Israel, last burned 6, 11, 20, five pine-forest stands on Mt. Carmel Israel, last burned 6, 11, 20,
38 and 55 years before 1994. Different letters above bars indicate 38 and 55 years before 1994. Different letters above bars indicate
significant differences among microhabitat means within each stand significant differences among microhabitat means within each stand

(as indicated by Tukey HSD Multiple Comparisgn< 0.05). (as indicated by Tukey HSD Multiple Comparisgn< 0.05).
120 .

(CV) of total seed density among the three microhab- ¢ 100 | A srﬁrib A

itats, in each of the five forest stands, ranged from g’ 80 | Ogap A

77% to 164%. These values were much higher than § o |

those found for th€V of total seed density among the :._: 40 | B

five stands in each of the three microhabitats (ranged a. 20 B

from 37% to 49%). These results suggest that the o a

main source of variation in soil seed bank density on
Mt. Carmel are the different microhabitats within each
forest stand rather than different stands. Therefore, Stand age (years)

hereafter we focus mainly on the effect of the different rigure 3. percentage of seeds of herbaceous taxa (mesE) in

microhabitats on soil seed bank variables. the germinable seed bank of three microhabitats (gaps, beneath trees
and beneath shrubs) from five pine-forest stands on Mt. Carmel Is-
rael, last burned 6, 11, 20, 38 and 55 years before 1994. Different
letters above bars indicate significant differences among microhab-

. e . . itat means within each stand (as indicated by Tukey HSD Multiple
Among the 27 taxa identified in the entire seed bank comparisonp < 0.05).

(Table 3), only four were lignified perennials, the rest

were herbaceous plants. The total number of germi-

nated taxa per flat was significantly different among cantly affected by stand age (covariant) as indicated
the three microhabitats while controlling for stand age by ANCOVA (microhabitat:F> = 10.7, p = 0.0001;

by analysis of covariance (ANCOVA, microhabitat: stand agef1 = 3.1, p = 0.08). In two stands (ages 6
F2306 = 3886, p = 0.0001; stand ageFi 306 = and 20 years) total germinable seed density was lower

9.10, p = 0.003). beneath trees than in gaps (Figure 2). The average
In all stands the average number of germinated (£STD) of total germinable seed density beneath trees
taxa per flat in the gaps was significantly higher than across forest stands (4618, » = 114) was sig-
beneath the trees and the shrubs, except the six-nificantly lower than beneath shrubs and in gaps (all
year-old stand (Figure 1). The difference between the samples from all stands pooled together, £692,
beneath-tree and beneath-shrub was not significant? = 194,1 = 4.096, p < 0.0001). Herbaceous

6 11 20

Taxa richness

except in the youngest stand (Figure 1). taxa were the major constituent of the germinable seed
bank in gaps, regardless of stand age (Figure 3).
Total germinable seed density Further ANCOVA analysis revealed different pat-

terns of germinable seed densities for different taxa
Total germinable seed density on Mt. Carmel ranged (Table 3). Microhabitat or stands (Table 3) did not sig-
between 300 and 1300 seeds pét ihe average to- nificantly affect densities dP. halepensisSignificant
tal germinable seed density was significantly different effects of both microhabitat and stand-age on ger-
among the three microhabitats but was not signifi-
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Table 2. Summary of the two-way ANOVA tables for the effect of forest stand and
microhabitat on soil seed bank density, richness (number of taxa per sample) and

diversity (D Simpson diversity index).

Soil seed bank variable Source of variation df MS F

Germinable seed density Microhabitat 2 11.06 1841
Stand 4 6.2 5.8+
Microhabitat x site 7 2.24 2.1
Error 294 1.06

Taxa richness Microhabitat 2 85.22 4987
Stand 4 15.93 9.23*
Microhabitat x site 7 10.05 5.83*
Error 294 1.73

D Simpson diversity index  Microhabitat 2 1027 184
Stand 4 3.36 5.28*
Microhabitat x site 7 1.07 1.6%
Error 294 0.64

*=p < 0.05,**= p < 0.01,**= p < 0.001, ns= not significant.
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Figure 4. Germinable seed density #finus halepensigA), Cis-

tus sp. (B), Anagallis arvensigC) and Gramineae taxa (D) per
m?2 (mean+ SE) in three microhabitats (gaps, beneath trees and
beneath shrubs) from five pine-forest stands on Mt. Carmel Israel,
last burned 6, 11, 20, 38 and 55 years before 1994. Different let-
ters above bars indicate significant differences among microhabitat
means within each stand (as indicated by Tukey HSD Multiple
Comparisonp < 0.05).

minable seed density were found foistussp. as well

as several herbaceous species such as Gramineae taxa,
Anagalilis arvensisConvolvulus pentapetaloidesd
Scabiosa palaestinaDensity patterns across micro-
habitats and stand age of some of these species is
plotted in Figure 4. Pine germinable seeds were found
in only four out of 14 combinations of stands and mi-
crohabitats, and even then in very low density, less
than 2 seeds per Mm(Figure 4A), relative to other
major taxaCistusgerminable seed bank in the 6-year-
old stand showed no differences among microhabitats
(Figure 4B). However, in all other stands there was
a consistent pattern where the density beneath shrubs
was higher than that in gaps. Germinable seed density
of A. arvensiswas higher beneath shrubs, in the 6-
year stand$600 seeds per fiithan beneath trees, but
not significantly different than in gaps-@00 seeds per

m?; Figure 4C). No difference in seed density among
microhabitats was detected in the other stands except
for the most mature forest where lowest density was
detected beneath shrubs (Figure 4C).

Germinable seed density of Gramineae taxa
showed a consistent and significant pattern where in
all stands the highest density was in gaps, whereas no
significant differences were found between shrubs and
trees (Figure 4D).

Germinable seed densities of Compositae (Aster-
aceae) taxalantagosp.,Medicagosp., Trifolium sp.
Hymenocarpos circinnatugrodiumsp. andScorpiu-
rus muricatuswere affected by microhabitat whereas
no significant effect was found for stand age. In only
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Table 3. The effect of microhabitat and post-fire stand age (covariate) of germinable seed
density, as analyzed by ANCOVA, on each of the 4 lignified perennial and 23 herbaceous

taxa identified.

Life form Taxa F-statistics
Microhabitat ~Stand age  Error MS
(df=2) (df=1) (df=307)

Lignified
Ajuga chamaepytis 24 0.01 0.001
Cistussp. 25.8%* 13.4%* 0.22
Pinus halepensis 1.7 0.1 0.0006
Sarcopoterium spinosum 1.8 0.1 0.004

Herbaceous
Anagallis arvensis 4.1* 7.2¢* 0.22
Anthemis pseudocotula 11 2.9 0.0006
Carthamus tenuis 11 1.0 0.0003
Compositae 5 0.1 0.01
Convolvulus pentapetaloides 18.1%* 9.9%* 0.04
Daucussp. 2.5 29 0.0003
Erodiumsp. 4.4 1.4 0.01
Geranium robertianum 0.8 0.5 0.0003
Gramineae 707F* 6.9 0.14
Hippocrepissp. 0.2 0.8 0.01
Hymenocarpos circinnatus ~ 9.6*** 0.5 0.007
Lotussp. 11 1.9 0.02
Medicagosp. 8.2 1.3 0.01
Mercurialis annua 0.6 9.8* 0.004
Notobasis syriaca 1.0 0.5 0.0002
Plantagosp. 26.8** 35 0.06
Ranunculus asiaticus 15 0.4 0.004
Scabiosa palaestina 5.4 6.3 0.001
Scorpiurus muricatus 5.0%* 0.1 0.007
Sedunsp. 1.9 1.0 0.001
Sonchus oleraceus 0.2 2.2 0.002
Trifolium sp. 8.9 0.5 0.02
Vicia peregrina 11 1.0 0.0002

*= p < 0.05,**= p < 0.01,***= p < 0.001.

in speciesMercurialis annuathe effect of microhab-
itat was not significant when there was a significant
effect of stand age. In all the other 14 taxa, including
P. halepensisno significant effect was detected for
microhabitat or stand age (Table 3).

Taxa diversity

The Simpson diversity index (D) of germinable seed
taxa was significantly influenced by both the micro-
habitat > = 186, p = 0.0001) and by the stand
age, used as covariat&y(= 8.75, p = 0.003). The

est where it was not significantly higher than beneath
the trees (Figure 5). In all stands, no significant dif-
ferences were detected between the diversity indices
beneath trees and shrubs (Figure 5).

Taxa composition of the germinable seed bank in
relation to microhabitat and forest stands

The Monte Carlo permutation tesk' (= 11.82, p <
0.01) provided strong evidence that the null hypothesis
of no correlation between variation in taxa composi-
tion of germinable seed bank and the external variables

mean diversity index in the gaps was higher than in the (microhabitats and stands) can be rejected. The or-

other two microhabitats, except in the 11-year-old for-

dination plot (Figure 6) illustrates the importance of
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Discussion

37 Seed bank composition on Mt. Carmel pine forest

The soil seed bank in a forest, is an assemblage of
seed banks of the various plant species in the site. The
soil seed bank of each species is a product of seed
production, dispersal, predation, mortality and germi-

nation. In most of the species that recruit seedlings
after fire, in the Mediterranean basin, germination

occurs mainly during the first year after fire (Kee-

Figure 5. Simpson Diversity index (D) of germinable seeds per |ey 1994: Daskalakou & Thanos 1996). Furthermore
m2(meanﬂ: SE) in three microhabitats (gaps, beneath trees and ’ '

beneath shrubs) from five pine-forest stands on Mt. Carmel Israel, (€ Main changes after fire are in vegetation struc-
last burned 6, 11, 20, 38 and 55 years before 1994. Different let- ture rather than in species composition (Trabaud 1994;
ters abov_e b_ars indicate signific_ant_ differences among microha_lbitat Schiller et al. 1997). However, the dynamics of post-
ggggzr‘i’;':;'z jaoc_g;ta”d (as indicated by Tukey HSD Multile  fire seed banks is complex. Differences in life history
traits among species are important factors during post-
fire recovery. First age of reproduction, fecundity, life
the variation among the three microhabitats but also span and seed longevity affect community dynamics
among forest stands. The first axis (eigenvalliB%) and soil seed bank size and composition (Bond & van
mainly represents the influence of the different mi- Wilgen 1996).
crohabitats on taxa composition whereas the second  Lack of correspondence between seed bank com-
axis (eigenvalue:3%) mainly represents the variation ~position and the established above ground vegetation,
among forest stands. especially in late successional stages, was described
The ‘gap’ is positively correlated with the first axis  in coniferous forests (e.g. Trabaud et al. 1997, see
whereas the ‘tree’ and shrub’ microhabitats are neg- review in Archibold 1989). Many species of late suc-
atively correlated with this axis. On the other hand, cessional stages are post-fire resprouters, which have
the ‘tree’ is separated from the other two microhab- large non-refractory seeds (Keeley 1991). Therefore,
itats on the second axis. Although stand influenced predation of these seeds by insects, small mammals
taxa composition, there is no clear direction of an age and birds may play a major role in reducing their
influence. For example, the youngest stand (PF6) andpresence in the seed bank (Kjellsson 1992; Maron
the oldest stand (PF55) are both negatively correlated & Simms 1997). Most of the trees and shrubs ac-
with axis 2. The composition of the germinable seed companyingP. halepensisn its natural forests are
bank in the 11 and 38 year stands are similar (both resprouting species (Schiller et al. 1997). Such re-
located on the upper left quarter of the diagram). Thus, sprouting species have short-lived, heat sensitive seeds
other factors, rather than age alone, contributed to the (Keeley 1991, 1994) and are, therefore, absent from
separation of the five forest stands along the two axes heat treated soil seed bank samples. That is the most
of the diagram. likely reason for the absence Quercus calliprinos
Many taxa are located close to the center of the di- Pistacia palaestinaP. lentiscus Phillyrea latifolia
agram, indicating an equal (or no) effect of the various and other prominent understorey species from the soil
external variables on seed bank composition. How- seed bank irrespective of stand age in our study.
ever, the Gramineae taxa are clearly associated with ~ P. halepensigs a post-fire obligate seeder, the
the gaps wherea€istus sp. is associated with the adult plants do not survive a crown fire and recovery
shrub microhabitat (Figure 6. halepensiss pos- is achieved only by seed germination (Daskalakou &
itively correlated with the older stands and the tree Thanos 1996; Ne’eman 1997). Young Aleppo pine
and shrub microhabitat. However, because of the very trees begin to produce female cones at the age of
low densities and number of cases in which pine seeds3—4 years, but massive production does not occur
were recorded, we must be very careful interpreting until the age of about 10 years, depending on tree
this result. size (Ne’eman unpublished data). Most of its cones
disperse their seeds during summer but it also has
serotinous cones that disperse seeds only after fire

Diversity index (D)
- N

o
!

6 1 20 38 55
Stand age (years)
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Figure 6. Ordination diagram based on a canonical correspondence analysis (CCA) showing the variation in germinable seed density of
different taxa @) on Mt. Carmel in relation to three microhabitats (TREf&eneath trees, SHRUEbeneath shrubs, GARlearings) and five

pine-forest stands (PF6, PF11, PF20, PF38 and PF55: where the numbers are years since fire). The diagram displays 18% of the total inertia
(=weighted variance) in the germinable seed density and 76% of the variance accounted for relative to the total variance in the germinable
species/taxa X external variable relations. The eigenvalue of the first axis (horizontally) is 0.15 and axis 2 (vertically) is 0.03. The eigenvalues
of the third and fourth axes (not displayed) are 0.014 and 0.003, respectively. Germinable species/taxa are weighted average of site scores, and
external variables are centroids of sample points belonging to each category. The scale marks along the axes apply to the qualitative external
variables; species/taxa scores were multiplied by 0.405 to fit in the coordinate system. Species/taxa abbreviationsnadédis-arvensis

CIS- Cistussp.,CNV — Convolvulus pentapetaloide€OM — CompositaeERO— Erodiumsp., GRA — Graminead,OT — Lotussp.,PIN —

Pinus halepensjs”LN — Plantagosp.,SCO- Scorpiurus muricatus

(Schiller 1978; Daskalakou & Thanos 1996). There- important component of seed banks in mature forest
fore, pine seeds are expected to be represented in soile.g. Mladenoff 1990).

seed banks of post-fire stands older than 10 years. Pine  Cistus salviifoliusand C. creticus the typical
seeds are predated on the trees by rats, which inhabitdwarf-shrub species of the Israeli pine forests, are
mature pine forests in Israel (Haim & Izhaki 1994) also post-fire obligate seeders that recover by germina-
and are capable of scaling the cones in order to gettion from their soil seed bank (Ne’eman 1997). These
to the seeds (Aisner 1984). Pine seed predation by species, as all other members of the Cystaceae fam-
birds (Nystrand & Granstrom 1997; Saracino et al. ily, are hard seeded and need heat pulse to crack their
1997), rodents (Martinezdelgado et al. 1996; Vander- seed coat before germination can begin (Thanos et al.
wall 1997), and probably ants continues intensively 1992).Cistusgerminates mainly during the first post-
after dispersal. This high predation pressure may ex- fire winter forming high-density stands. Plants begin
plain the extremely low densities of pine seeds in all to flower in their third year producing many flowers
habitats in all stands. As far as we kndw,halepen- and many tiny seeds. Pronounced stand decline was
sisis not a masting species, therefore the absence ofobserved in 15-year-old stands 6f monspeliensis
pine seeds in the soil is not likely to be the result of andC. albidus(Roy & Sonie 1992). The growth of ad-
annual fluctuations in seed production. Other studies jacent pine trees, which shade istusdwarf shrubs,
also showed that the dominant species might not be anreduce their vigor. As a result, an increase in seed den-
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sity is expected in the first post-fire period, followed followed by greater mortality, during the first summer,
by a decline as the forest matures. Our results are in of pine trees in the low and medium quality sites and
agreement with this prediction, a maximum of about Cistusmortality in the low quality sites. Competition
500 seeds per friwas found in the 22-year-old stand.  for resources, mainly water and light, during the fol-
The fact that seed density was still high (about 300 lowing seasons, can leave the pines in the best quality
seed per ) in the 55-year-old stand and the fact that  sites,Cistusin the medium and herbaceous species in
Cistusseeds are tiny with no special mechanism for the low quality sites.
long-distance dispersal, provide evidence for the high ~ However, this was not the pattern in our case, be-
longevity of the seed<Cistusseed densities were, in  cause pine seeds were almost absent from all habitats.
most cases, the highest under its own shrubs, indicat-In a study of post-fire soil seed bank, high densi-
ing that the sites kept by the adult plants will probably ties of pine seeds were found under the projection of
be kept also by their own offspring after their death in the burned canopies and low densities outside them
case of afire. (Ne’eman et al. 1992; Ne’eman & Izhaki 1998). Pine
Seeds of some herbaceous species suchnas seedlings had the opposite pattern during the first win-
gallis arvensis were found in all microhabitats in  ter (Eshel et al. unpublished data). The reason for the
all stands including the mature forest. Seeds of theselow germination under the burned canopies is the ex-
species may persist in a dormant but viable state in treme pH of the ash layer (Henig-Sever et al. 1996).
large numbers even when the pine forest has fully de- The ash also prevents germinatiorGi$tusand herba-
veloped (Enright 1985). Unfortunately, little attention ceous species (Ne’eman et al. 1993). The result is low
has been paid so far to the mechanisms determiningmortality and high growth rate of the pine seedlings
the probability that these seeds will arrive and survive at the sites that were occupied by their likely mother
in ephemeral and unpredictable gaps or beneath treestrees. These seedlings continue to grow faster for the
Other herbaceous species, and mainly grasses, weraext 20 years and have the highest chances of replac-
more abundant in the young stands and mainly in the ing the burned trees (Ne’eman & Izhaki 1998). In
gaps. This can be a result of short life span of the the gaps, seeds of grass and other herbaceous species
seeds, absence of herbaceous species under the treedominate. Pine an€istus seedlings that do germi-
and shrubs in the mature forest, or combination of nate there probably die during the first and second

both. summers. Shallow soil can be the cause for this dif-
ferential death of seedlings in the locations of the gap
Spatial pattern microhabitat. In the rest of the area, high competi-

tion takes place between the pine &idtusseedlings
According to the classical succession theory, a change(KatZ 1993). The relative quick growth Gfistusin the
of species, life forms, and vegetation formation is first three years gives them an advantage over the pine
likely to occur with time. In Israel, in the Mediter-  seedlings in this microhabitat. Long term field obser-
ranean region, the first successional stages are dom-ation on population dynamics of the various species
inated by pioneer herbaceous species that will be in the different habitat with parallel monitoring of site
replaced by dwarf-shrubs, shrubs and a final stage qualities are necessary for further establishment of this
of trees that dominate as the forest matures (Zohary proposed model.
1973). The Aleppo pine forests on Mt. Carmel, which A considerable spatial heterogeneity in seed banks
have developed by invasion into abandoned agricul- was detected among the three microhabitats although
tural Iands, are a mosaic-like formation with blg pine they were located within a range of a few meters
trees, an understorey of small trees, patcheSistfus  in each forest stand. The coefficient of variation of
dominated dwarf shrubs and herbaceous dominatedseed density among the three microhabitats in the
gaps (Schiller et al. 1997). This spatial structure is also fjye forest stands on Mt. Carmel (G 7-164%) was
present in mature forests. Notably all the dominant higher than those calculated for the intrasite variation
species of the various habitats are post-fire obligate jp tropical forests (8-88%, Garwood 1989). In addi-
seeders. After each fire, a new session of germination, tion, a large-scale heterogeneity in seed banks was
growth, competition, mortality and establishment of 3|so documented among the five forest stands, all of
survivors occurs. Such a spatial structure could the- them located within an area of 18 10 km. Such
oretically evolve from an equal density of seed bank jnterstand heterogeneity was detected in other ecosys-
that will germinate during the first winter and will be  tems such as Australian tropical forest stands 8—27 km
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