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Abstract. Previous studies on secondary succession in aban-
doned agricultural land in the Mediterranean area were carried
out by the chronosequence method, including data from dif-
ferent sites. A unique opportunity to study secondary succes-
sion arose from a situation in which different parts of one
homogeneous East-Mediterranean vineyard were abandoned
for 5, 8, 15 and 35 yr, and did not suffer from any disturbance
subsequently. Most of the perennial species that colonized the
abandoned vineyard were fleshy fruited species, which appar-
ently were dispersed by birds from the surrounding maquis
into the vineyard. These bird-dispersed species were the first
to be established, and were the dominant plant group accord-
ing to dispersal modes. The abandoned vine plants and their
supporting columns provided the birds with perching and
feeding sites, enhancing the arrival of bird-dispersed species
regardless of their life forms. Under these conditions the most
important attribute that affected vegetation dynamics was seed
dispersal mode. Trees were among the first to colonize in the
vineyard, implying that no facilitation was needed for their
establishment. Annual plant species were the only species to
disappear during succession. Almost all perennial species
which had arrived persisted in the vineyard, and no replace-
ment of perennial species was found. The rate of succession
was rapid, as expressed by the short time (8 - 15 yr) needed for
the stabilization of species composition, for growth to average
height of late succession trees, and for reaching high cover of
the invading perennial species in the abandoned vineyard. The
secondary succession described above differs from that in the
western Mediterranean by the absence of perennial species
replacement and its rapid rate. The possible causes are dis-
cussed.

Keywords: Abandonment; Israel; Life form; Secondary suc-
cession; Seed dispersal.

Nomenclature: Feinbrun-Dothan & Danin (1991).

Introduction

Nunierous studies have been published on second-
ary succession of abandoned agricultural land, most of
them concerning old field succession in the United
States (e.g. Billings 1938; Oosting 1942; Buell et al.

1971; Pickett 1982; Gill & Marks 1991). To the best of
our knowledge, the only quantitative studies on succes-
sion in abandoned Mediterranean plantations were car-
ried out in southern France and Spain (Houssard et al.
1980; Debussche et al. 1982; Debussche et al. 1985;
Escarré etal. 1983; Debussche & Lepart 1992; Debussche
& Isenmann 1994; Tatoni & Roche 1994).

The first comprehensive theory of plant succession
(Clements 1904, 1916), and also several later ones (e.g.
Odum 1969), were holistic, assuming a convergent
change in plant communrities from a determined starting
point towards a climax vegetation. The driving force
was assumed to be an ecosystem parameter, and
successional change was viewed as the consequence of
relationships within the community. In contrast, con-
temporary ecologists view vegetation change as the
outcome of populations’ interacting within fluctuating
environmental conditions. However, there was a shift
from holistic towards mechanistic explanations of suc-
cession, and from equilibrium towards non-equilibrium
theories (Glenn-Lewin et al. 1992).

The mechanisms that determine how species appear
in the successional sere have been discussed for some
time (e.g. Drury & Nisbet 1973; Connell & Slatyer
1977; Hom 1981; Glenn-Lewin & van der Maarel 1992;
van Andel et al. 1993). The main mechanisms are:

1. Colonization, which is affected by seed dispersal,
seed predation, seed germination, predation of seed-
lings, seedling competition and establishment (Gill &
Marks 1991).

2. ‘Initial floristic composition’ and ‘pre-emption’
(Egler 1954).

3. Life-history factors (Pickett 1976; Drury & Nisbet
1973), and ecophysiological traits (Bazzaz 1979).

4. Interaction between species including: (a) compe-
tition forratios of environmental resources which change
in time (Tilman 1987, 1988); (b) reaction (Clements
1916) or facilitation (Connell & Slatyer 1977), when
early successional species cause changes that enable the
later ones to enter; (c) inhibition, when existing plant
species prevent the establishment, growth or maturation
of others (Connell & Slatyer 1977); (d) tolerance, when
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neither facilitation nor inhibition exists among species
(Connell & Slatyer 1977). Experimental research (Gill
& Marks 1991; Chapin et al. 1994) has demonstrated
that no single mechanism can fully account for any
successional system.

Despite the many research papers and several re-
views on vegetation succession, there is still a major
difficulty in suggesting a general universal cause for
succession (e.g. van Andel et al. 1993; McCook 1994).
Theoretical understanding can be achieved only on the
basis of data gathered from field observation and experi-
ments. Studies of succession in various regions under
different conditions revealed differences in the relative
importance of the mechanisms. Since the study of veg-
etation succession is long-term, we must gather ail avail-
able information in order to examine it in the light of the
general theories, and compare it with results obtained
under other conditions.

Succession is studied either in long-term permanent
plots or in chronosequences (Glenn-Lewin & van der
Maarel 1992), which was also defined as ‘space-for-
time substitution’ (Pickett 1989). The main criticism of
the chronosequence approach is that the different plots
are not real replicas. They may differ in their soil type,
microclimate, history since abandonment and availabil-
ity of propagules (Pickett 1989). The plots chosen for
this study were very similar in all the above-mentioned
aspects, and therefore we had a unique opportunity to
study succession by the chronosequence methods not
suffering from the general disadvantages of this method.

The present research concerns a chronosequence of
ecologically very similar plots in an abandoned East-
Mediterranean vineyard, which were abandoned 5,8, 15
and 35 yr ago, respectively. The specific goals were: (1)
to record species composition; (2) to analyse the invad-
ing species by their life form and dispersal mode; (3) to
estimate the time needed for full growth of the dominant
species and full cover by perennial vegetation; (4) to
compare the succession within the rows of planted vine
trees with the succession between them, in order to learn
the role of the vines in the process; and (5) to compare
the nature and rate of succession between East and West
Mediterranean areas.

Study site

A vineyard of about 1 ha was planted in 1958 near
Moshav Amirim, between Lower and Upper Galilee,
Israel (35° 56' E, 32° 56' N). The vineyard was planted

-in a2 m X 2 m design, and was divided into plots of ca.
300 - 400 m2. The vine trees were supported by columns
(1.5 m), were watered during summer and tilled twice in
spring between the rows. No herbicides were used dur-

ing cultivation. The vineyard is situated on a gentle
south-facing slope at an altitude of 260 - 280 m above
sea level. The climate is Mediterranean with an annual
mean precipitation of 654 mm and mean August and
January temperatures of 26.1°C and 9.2 °C, respec-
tively. Because of the small distances and local topogra-
phy, it can be assumed that no climatic differences exist
among the various plots. The soil type is a uniform
Mediterranean red soil, calcitic-montmorilonitic terra
rosa (Rabinovitch-Vin 1986); the mean soil depth is 30
cm and the pH is 7.9 - 8.0. According to agricultural soil
analysis done before planting, no major edaphic differ-
ences existed between the plots.

The vineyard was surrounded by semi-natural veg-
etation assigned to the Ceratonia siliqua-Pistacia
lentiscus association (Zohary 1959), with Pistacia palae-
stina, Quercus calliprinos and Q. ithaburensis as ac-
companying species. Calicotome villosa, and Sarcopo-
terium spinosum are most common among the trees,
because of frequent fires.

The maximal distance from the edge of the vineyard
to its centre was about 100 m, and only about 40 m to
each of the study plots. The effective distance of seed
dispersal by Mediterranean birds was found to be ca.
100 m (Debussche & Isenmann 1994), so it could be
assumed that there was no difference in the availability
of plant propagules dispersed by birds from the edge
into the study plots.

The different parts of the vineyard were abandoned
by the farmers for socio-economic reasons. The dates of
abandonment of the parts where the plots were situated
were received from the owners. Upon abandonment
vine trees were not uprooted and supporting columns
were not taken out, but watering and tilling ceased. Only
the four areas in the vineyard that were abandoned 35,
15, 8 and 5 yr ago, stayed completely undisturbed until
the time of this study.

Methods

Sampling of the vineyard plots was carried out in the
spring of 1993. A fixed sampling pattern was used in all
plots. To avoid edge effects, row numbers 2, 4, 6, and 8
out of ten rows were sampled. Two different sampling
locations in each plot were defined: (a) within rows:
within each row, five 1-m? squares were chosen, 10 m
apart, each around a vine plant; (b) between rows: a 1-
m? square was chosen beside each within-row square in
the space between the rows, as far &s possible away from
any vine plant. This sampling design was used in order
to record the maximal variation within each sampled
plot.

In each square, the percentage of cover of bare soil,
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annual and perennial plants was estimated. The total
cover percentage was calculated as the sum of the partial
cover values for each component. In cases where differ-
ent life-formestrata overlapped, the percentage of cover-
age may have exceeded 100 %.

Annual species were found to be important mainly
during the first years of secondary succession, as is
known from Mediterranean ecosystems (Houssard et al.
1980; Escarré et al. 1983). Therefore, we concentrated
on the perennial species. All perennial species were
identified and numbers of individuals were counted.
The height of the dominant perennial species, Pistacia
palestina, P. lentiscus and Rhamnus alaternus, was
measured to find out how long it took for them to grow
to their full size. The perennial plant density was calcu-
lated as the total number of perennial plant individuals
per 1m?2. Perennial species density was calculated as the
number of perennial species per 1m?2. Perennial species
richness was calculated as the sum of all perennial
species recorded per plot of ca. 0.3 ha per location
(within and between vine rows).

Plant species were classified according to their life
form and dispersal mode (App. 1). To identify the dis-
persal mode of diaspores we generally followed the
classification of van der Pijl (1972) along with our own
observations. The relevance of bird species to the dis-
persal of the relevant plant species was determined after
Izhaki (1986) and Debussche & Isenmann (1994). Bird
presence was censused in monthly visits to the vineyard
and its close vicinity during 1994 (App. 1). Life-form
types of plant species were determined by own observa-
tion and according to Feinbrun-Dothan & Danin (1991).

Since only one plot of each age was available, the
sampling design was intended to yield all variation
within each plot. Since all samples representing a cer-
tain age were taken from a single plot, they were not
independent. The non-parametric Kruskal-Wallis test of
variance was used to examine the hypothesis that there
was no difference in parameters of the renewing vegeta-
tion among plots that differed in the number of years
since abandonment. The non-parametric Wilcoxon rank-
sum test was used for comparison of two samples. All
proportions of cover data, were arcsin square root trans-
formed before any statistical analysis. Statistical analy-
ses were performed with SAS (Anon. 1988).

Results

Percentage of cover

The cover of perennial plant species within vine
rows was surprisingly high (53 %) as early as 5 yr after
abandonment, while between rows it only reached 50 %

cover 30 yr later. The cover of perennials increased
within rows up to stabilization at 80 - 90 % by only 8 yr
after abandonment (Table 1). The cover of annual spe-
cies was negatively correlated with that of the perenni-
als. Within rows the cover of annuals decreased sharply
after 8 yr until total disappearance (Table 1). By con-
trast, their cover between rows was relatively high (>70
%) at 5 - 15 yr post-abandonment, while a strong de-
crease occurred later on. The proportion of exposed soil
was always higher between than within rows (Table 1).

A Kruskal-Wallis ANOVA test revealed significant
differences in the cover of perennials (y*>=28.34), annu-
als (y>=58.12) and soil (32=25.45) (df = 3, P < 0.0005)
within rows among plots that differed in time since
abandonment. The differences in cover of perennials (2
= 33.78), annuals (¥? = 36.65) and soil (y2= 17.91)
between rows on different plots were also significant (df
=3, P <0.0005).

Height of perennial dominant species

The height of the dominant woody species (Pistacia
palaestina, P. lentiscus and Rhamnus alaternus) within
the rows was compared between the plots with different
time of abandonment. The heights of all three species on
the 5-yr post-abandonment plot were not significantly
different from their heights in the 35-yr plot (Wilcoxon
rank-sum two sample test; Z = — 0.85 for P. palaestina;
Z =-0.55 for P. lentiscus; Z = — 0.24 for R. alaternus;
P > 0.10). Within the first 5 yr after abandonment, all
three species reached their standard height, while they
grew at amuch slower rate over the next 30 yr (Table 2).

Species richness and colonization rate of perennial
species '

The most prominent change in perennial plant den-
sity (number of perennial individuals per 1 m2) occurred
between 5 and 8 yr after abandonment when plant den-
sity increased x4 within rows (Table 3), and between 15

Table 1. Percentage of cover (mean * s.d.) of annuals, peren-
nials and exposed soil in different years after abandonment.

Years after abandonment

5 8 15 35
Within vine rows
Annuals 45%22 7+ 4 15+22 0
Perennials 53+24 91% 8 82+21 82+ 31
Soil 5+ 3 4+ 3 6t 2 25+ 28
Between vine rows
Annuals 8912  72%32 74+ 34 18+ 27
Perennials 0 22+33 21435 50+ 35
Soils 11+12  10+17 6t 3 37t 34
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Table 2. Plant height (cm) of two dominant tree species,
Pistacia palaestina and Rhamnus alaternus, and the shrub
P. lentiscus within the rows of vineyard plots: 5, 8, 15 and 35
yr after abandonment.

Years after abandonment
5 ) 8 15 35

Pistacia palaestina 165 46 105+ 55 227+ 37 204 % 66
Rhamnus alaternus 180+ 42 138+ 124 215 £103
Pistacia lentiscus 70+ 42 58+ 28  215+103 94 + 44

and 35 yr between rows (Table 3). Maximum perennial
plant density within rows was reached on the plots 8 yr
after abandonment, and no significant difference in plant
density was found on plots 8 and 35 yr after abandon-
ment (Wilcoxon rank-sum two sample test, Z = 0.6,
P>0.5).

The same phenomenon was observed for the peren-
nial species density (number of perennial species per
m?2). Maximal perennial species density within rows
was reached in the plots as early as 8 yr after abandon-
ment (Table 3), and no significant difference in plant
density was found between 8 and 35 yr abandonment
(Wilcoxon rank-sum two sample test, Z =—0.78, P > 0.1).
Species density between rows was much lower, and
only after 35 years did it reach the level of within-row
species density after 5 yr (Table 3).

Perennial species richness (total number of peren-
nial species within rows, per plot) reached the level of
15 species 8 yr after abandonment, and thereafter stayed
relatively constant. The number of new species which
colonized the abandoned vineyard within the rows
sharply decreased from 15 during the first 5 yr after
abandonment, to only one new species between 15 and
25 yr.

Life forms of perennial species

The classification of the species into life-form types
is presented in App. 1. Trees and climbers were the first
life-form types to enter the within-row plots of the
abandoned vineyard (Fig. 1A). No significant differ-

Table 3. Perennial plant density (number of perennial plants
per 1 m2) and perennial species density, within rows and
bétween rows of vineyard plots 5, 8, 15 and 35 yr after aban-
donment.

Years after abandonment
5 8 15 35

Within vine rows

Plant density 27+£20 98+49 67122 86+37

Species density 1.9+ 1.1 36+08 24+10 41%17
Between vine rows

Plant density 0 1516 09+14 55%5.0
Species density 0 1.1£1.0 07+1.1 23+09

ences were found in species density per 1 m? of the trees
and climbers on the within-row plots of different years
of abandonment (Table 4). Shrub species entered the
within-row plots at lower species density (Fig. 1A), but
it increased significantly with time (Table 4). Dwarf
shrubs and perennial grasses were poorly represented.

Shrubs were the dominant life form between rows,
increasing significantly with time (Table 4). It took 35
yr for shrub species density between rows to reach the
same level as shrub species density within rows after 5
yr (Fig. 1B). Trees entered between-row plots only after
15 yr (Fig. 1B, Table 4).

Dispersal modes of perennial species

The classification of the species into dispersal mode
types and their known dispersing birds (according to
Izhaki 1986) are presented in App. 1.

The number of bird-dispersed perennial plant spe-
cies per 1 m2 within rows was much higher than those
with wind and self-dispersal for all years post-abandon-
ment (Fig. 2A), and the differences among years post-
abandonment were significant (Table5). Wind-dispersed
species were already present 5 yr after abandonment
while self-dispersed species entered only after 5 yr (Fig.
2A); the differences among years post-abandonment in
both groups were also significant (Table 5).

Perennial species entered the space between the

Table 4. Non-parametric Kruskal/Wallis one-way analysis of variance (}?) for the effect of time (years since vineyard abandonment;
df = 3) on the number of perennial species per 1 m? for each life-form category (App. 1). For means see Fig. 1.

Life form Trees Climbers Shrubs Dwarf shrubs Perennial Other
grasses perennials

Within rows 3.699 ns 7.349 ns 21.59%** 4.174 ns 4.158 ns 7.062 ns

Between rows 7.829* 11.000* 28.54%** 15.300%* 6.405 ns 18.65%**

*=0.01 £P <0.05;**=0.001 <P <0.01; *** =P <0.001.
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Fig. 1. Perennial species density (number of perennial species
per 1 m?), according to life-form types, within rows (A) and
between rows (B), in vineyard plots 5, 8, 15 and 35 yr after
abandonment. TR = trees; CLM = climbers; SH = shrubs; DS
= dwarf shurbs; PG = perennial grasses; OT = others. See App.
1 for life-form types and Table 4 for statistical analysis.

rows only after 8 yr and the differences in species
density of the various dispersal modes for all years post-
abandonment were less obvious than within rows (Fig.
2B). The differences in the species density of all disper-
sal modes among the years post-abandonment were
significant (Table 5).

Discussion

Species replacement

The classical concept of succession concentrates on
species replacement in time (Clements 1916), and dis-
tinguishes between invaders and late successional spe-
cies (Bazzaz 1979). Indeed, in our study, the annual
herbaceous species could be regarded as invaders in the
abandoned vineyard, as was also found in western Medi-
terranean vineyards (Houssard et al. 1980; Escarré et al.
1983). In the early stage of succession, the annual spe-
cies were dominant between the vine rows. The decline
in their cover between the rows, their substitution by
perennials both within and between rows, and their total
disappearance from within rows after 35 yr, fit the spe-
cies replacement concept. However, it may be assumed

5

A

SPECIES DENSITY

SPECIES DENSITY

Fig. 2. Perennial species density (number of perennial species
per 1 m?), according to dispersal modes, within vine rows (A)
and between vine rows (B), in vineyard plots, 5, 8, 15 and 35
years after abandonment. See App. 1 for dispersal modes of
the various species, and Table 5 for statistical analysis.

that some of these species were present in the vineyard
as weeds, or as buried seeds.

Pistacia palaestina and the climbers were described
as components of climax formation in east Mediterra-
nean maquis (Zohary 1959). These species were already
established in the vineyard 5 yr after abandonment.
Furthermore, the trees (e.g. P. palaestina and Rhamnus
alaternus) reached a stable height 8 - 15 yr after aban-
donment, similar to their height in undisturbed areas,
making their replacement almost impossible within the
time-horizon of this study. As a consequence of the low
perennial species replacement, the species richness and
species density had already stabilized after 8 yr. This
pattern of succession differs from that described for
abandoned vineyards in southern France (Houssard et
al. 1980; Escarré et al. 1983), where a classic sere of
replacement (therophytes, Lamiaceae, perennial Poa-
ceae, endozoochorous shrubs and oaks), was described.
The secondary succession of perennial species, in this
study, followed a different pattern from the classical
species replacement model. Among the first perennial
species established in the abandoned vineyard were late
successional species.

In our case, the perennial species cannot be divided
into invaders and early and late successional species.
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Table 5. Non-parametric Kruskal/Wallis one/way analysis
() for the effect of time (years since vineyard abandonment;
df = 3) on the number of perennial species per 1 m? for each
dispersal mode category (App. 1). For means see Fig.2.

Dispersal mode Bird Wind Self
Within rows 10.69* 9.98% 23.57%%*
Between rows 16.54** 22,91 %% 35.56%**

*=0.01 <P <0.05; ¥ = 0.001 < P <0.01; ¥** = P <0.001.

The abiotic conditions, mainly soil fertility, in the vine-
yard immediately after abandonment are sufficient for
the establishment of the higher life-form types; thus, no
facilitation (sensu Connell & Slatyer 1977) seemed to
occur. Almost all perennial species established in the
abandoned vineyard remained and were not replaced by
35 yr after abandonment. Since there was almost no
species replacement, no competitive exclusion seemed
to occur (Tilman 1987).

The importance of life form and dispersal mode in
species dynamics

The traditional concept of successional sere of aban-
doned Mediterranean agricultural fields is based on
changes in plant life forms. It describes the first invaders
as annuals, followed by the dwarf shrubs of the batha,
then higher shrubs of the garigue, and lastly, trees typi-
cal of the mature maquis (Zohary 1959). A similar
pattern was described for abandoned vineyards in south-
ern France (Houssard et al. 1980; Escarré et al. 1983).In
contrast, in the abandoned vineyard studied here the
majority of the first colonizing species within rows were
trees and climbers rather then dwarf shrubs or perennial
grasses as was expected. Our results agree with those of
Rabinovich-Vin (1986) and Harif (1974). However, our
data are valid for one vineyard and are not automatically
applicable to old-field succession.

The high number of climber and tree species, and
their rapid colonization rate within, but not between the
vineyard rows, cannot be explained by their life-form
type. However, it seems that this difference can be
explained by the endozoochorus seed-dispersal mode of
those species.

Seed dispersal mode is one of the most important
life-history attributes and was included among the ‘vi-
tal attributes’ by Noble & Slatyer (1980) in their model
of succession. The importance of seed-dispersal mode
was demonstrated for secondary succession in West-
Mediterranean abandoned vineyards (Houssard et al.
1980; Escarré et al. 1983; Debussche & Isenmann 1994).

Dispersal mode was found to be the main mechanism
behind the colonization of new perennial species in our
study site. More bird-dispersed plant species per tm?,
irrespective of their life-form type, were observed within
vine rows. In East-Mediterranean woodlands 24% of
the perennial species produce fleshy fruits and are dis-
persed by birds (Izhaki 1986), while in the abandoned
vineyard the figure was 58 %. It can be assumed that the
old vineyard, which was not uprooted, provided perch-
ing sites for frugivorous birds which entered it from the
surrounding undisturbed maquis and defecated the seeds
beneath the vines. Frugivorous birds might also have
been attracted to the grapes that could still be found
several years after abandonment (pers. observ.).

The importance of plants and artificial perching
sites for the colonization rate of bird-dispersed plants
was documented for abandoned North American old
fields (e.g. McDonnell & Stiles 1983; Holthuijzen &
Sharik 1985; McClanahan & Wolfe 1993), in Mexican
pastures (Guevara et al. 1986; 1992) and in southemn
European orchards (Houssard et al. 1980; Debussche et
al. 1982; Debussche & Lepart 1992; Escarré et al. 1983;
Debussche & Isenmann 1994). Hence, frugivorous birds
may influence vegetation patterns, but existing vegeta-
tion may also influence recruitment of new individuals
by affecting bird movement and subsequent seed dis-
persal patterns (McDonnell & Stiles 1983; McClanahan
& Wolfe 1993).

Two main differences can be detected when compar-
ing abandoned vineyards in the western Mediterranean
with those in the eastern. 1. Bird-dispersed species were
among the first to enter in the East while they were only
in fourth place in the successional sere in the West. 2.
The rate of succession was faster in the East, where trees
reached their normal size by 15 yr, and the species
composition was also already stable; while in the Westa
parallel stage was reached only after about 60 years
(Escarré et al. 1983). The first difference can be ex-
plained by the fact that our vineyard was not uprooted
upon abandonment, while those studied in France were
(Escarré et al. 1983). Furthermore, our vineyard was
surrounded by natural maquis, while the site in France
seemed to be more isolated, creating a possible differ-
ence in seed dispersal rates into the sites. Land use
history was shown to be important in relation to the
decrease of plant succession rate with time, thus affect-
ing its rate (Myster & Pickett 1994). The difference in
succession rate is more difficult to understand, espe-
cially considering that on our site the annual mean
precipitation was 650 mm and in France itwas 1200 mm.
It might be the result of absence of seeds of late succes-
sion species.

The composition of seed-dispersing frugivorous birds
in Israel was found to be similar to that of southern
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France. In both cases a correlation can be found between
the presence of birds, the presence of fleshy fruited plant
species and the role of frugivorous birds in vegetation
dynamics during secondary succession processes inaban-
doned vineyards.

The pivotal significance of ornithochory for vegeta- -

tion dynamics in the abandoned vineyard is underlined
by the fact that the two dominant species characterizing
the surrounding maquis (Ceratonia siliqua and Quercus
calliprinos) were absent even after 35 yr. C. siliqua is
probably dispersed by mammals such as wild boars,
bats and cattle which are not as abundant as birds in the
abandoned vineyard. Oaks are dispersed by jays (van
der Pijl 1982) which were probably not attracted to the
vineyard because of the low height of the vines. Oak
seedlings can be found in nearby plum plantations,
visited frequently by jays. Whether or not these domi-
nant species will inhabit the abandoned vineyard again
is an interesting question that apparently can be an-
swered only after several decades.
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App. 1. Life forms and dispersal modes of all perennial plant species in the study area. Bird species observed in the
vineyard which are known to consume the respective fruit species (according to Izhaki 1986) are given in parentheses.

Species Life form Dispersal mode and agents
Asparagus aphyllus Climber Bird (Px, Sm, Er)
Calycotome villosa Shrub Self
Ceratonia siliqua Tree Mammal
Cyclamen persicum Geophyte Self
Hyparrhenia hirta Perennial grass Wind
Inula viscosa Dwarf shrub Wind
Phagnalon rupestre Dwarf shrub Wind
Lonicera etrusca Climber Bird (Sm)
Osyris alba Dwarf shrub Bird (Sa, Pp, Tm, Tp)
Pistacia lentiscus Shrub Bird (Sm, Er, Tm, Tp, Px, Sa, Po, Pp)
P. palaestina Tree Bird (Sa, Sm, Sc, Pp, Sh, Sb)
Prasium majus Climber Bird (unknown)
Rhamnus alaternus Tree Bird (Sm, Sa, Tm, Px)
R. licioides Shrub Bird (Sm, Sa, Tm, Sc, Sh, Er, Pp, Sb, Tp, Oo, Px, Po)
Rubia tenuifolia Climber Bird (Sh, Sm, Sa, Er, Px, Tm)
Sarcopoterium spinosum Dwarf shrub Self
Smilax aspera Climber Bird (Tm, Sa, Px, Tp)
Self

Spartium junceum Shrub

Tamus orientalis Climber

Bird (unknown)

" % Birds’ order is according to their importance in fruit removal (Izhaki 1986). Birds are coded as follows: Er = Erithacus rubecula;
* Oo = Oenanthe oenanthe, Px = Pycnontus xanthophygos; Po = Phoenicurus ochruros, Pp=P.phoenicurus; Sa = Sylvia atricapilla,
Sb = S. borin, Sc = S. curruca, Sh = S. hortensis, Sm = S. melanocephala, Tm = Turdus merula, Tp = T. philomelos.
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