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Abstract

INTRODUCTION

Background: This research addresses the issue of alien invasive and naturalized
plant species in natural and semi-natural areas in Israel. Previous research on
alien plant taxa in Israel focused on agriculture weeds (Dafni & Heller, 1980,
1990), whereas botanical notes and surveys (Danin, 2000, 2004) only mentioned
the presence of some alien taxa without further descriptions of their areas of
occurrence, the size of their populations and their various stages of invasion.
Therefore, there was a need for a detailed study on alien plant taxa that occur,
and in numerous cases invade, natural and semi-natural areas in Israel. Moreover,
no study has yet attempted to determine which plant taxa and what particular
populations should be targeted and prioritized for control in natural areas
throughout the country.

One can distinguish three main characteristics regarding Israel's natural
areas: First, although there are numerous protected sites, their surface areas are
generally extremely restricted due to the scale of the country. Secondly, nature
reserves and national parks in Israel are subject to severe pressure from various
human activities connected to very high population density. The type of threat
posed by invasive plants to natural areas in Israel is characteristic to developed
countries because the main sources of the proliferation of alien plants are linked
to ornamental plants used in gardens, tree species previously used for forestry or
soil stabilization, and agriculture. A third characteristic of Israel's natural areas
which concerns alien plant invasion is the scarcity of wetlands: The development
of intensive agriculture over the past 60 years, especially in the lowlands, had led
to the drying of numerous wetlands. As a consequence, this type of habitat, which
combines the first two characteristics mentioned above, became quite rare and the
remaining wetlands are today the type of natural habitat which is probably the
most prone to alien plant invasions.

Aims: This research has four objectives: (1) to carry out a survey of the invasive
plant species that occur in natural and semi-natural areas in Israel, including an
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estimation of their population size; (2) to define the invasion stage of each alien
plant species according to the most recent terminology; (3) to prioritize the alien
plant populations and taxa that should be targeted for control; (4) to build a GIS
compatible database of alien plant species in natural and semi-natural areas in
Israel; such a database was built for the Science and Conservation Division of the
Nature and National Parks Authority.

MATERIALS and METHODS

Location and site selection: Natural and semi-natural areas distributed all over
Israel were examined, from the Mediterranean region (Csa) in the north, to the
semiarid area (BSh) and the arid region (BWh) in the southern part of the country.
The so-called 'semi-natural’ sites designate one canal through which flow the waters
of the Jordan River, an ancient quarry permanently submerged by subterranean
source waters, and planted forests. A total of 83 natural or semi-natural sites were
investigated, among them 67 are referenced as protected sites: 54 nature reserves,
9 national parks and 4 JNF sites (i. e., 3 forested sites and 1 restored wetland);
16 'open areas' (i. e., natural sites not protected by the law, were also considered
in this research). Among these 83 sites, 17 included perennial aquatic habitats
of high ecological value. Among the 83 sites considered, 42 are located in the
northern district, 26 in the central district and 15 in the southern district that
spans the Negev desert. The sites were selected according to three parameters:
(1) the known and established presence of alien taxa, (2) the suspected or highly
probable presence of alien species, and (3) the representativeness of the site in
the region considered. Each site was surveyed at least once, during spring or
summer. Returning surveys were carried out in three cases: (1) when a doubt arose
regarding the size of the populations studied, (2) when new sights of unrecorded
alien taxa were discovered, and (3) in all cases of invasive aquatics since their
population dynamics greatly vary over time.

The sizes of the alien plant populations: The study differentiated among four
classes of population sizes for ligneous species and among three classes for
herbaceous species. For ligneous alien taxa, a distinction was made between
(1) 'small foci' including less than 50 individuals, (2) 'medium size' populations
comprising between 50 to 200 individuals, (3) 'large populations' including more
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than 200 individuals over less than 10 hectares, and (4) 'very large populations'
including more than 200 individuals proliferating in areas over 10 hectares.
For herbaceous alien species, a distinction was made between three classes of
population size: (1) 'Small foci' extending over less than 0.1 hectares, (2) 'medium
size' populations covering 0.1 to 1 hectares, and (3) 'large populations' extending
over 1 hectares.

The decision to use very low thresholds was motivated by two factors:
(1) the spatial characteristics of most natural areas in Israel, and (2) the feasibility
of total eradication. In Israel, the average surface area of natural sites is extremely
limited as natural areas have, in many cases, become small ecological islands in
a sea of urban settlements, agriculture fields and dense transportation networks.
As a consequence, a nature reserve that extends, for example, over only 10
hectares may be significantly infested by an alien tree population that includes
only several hundred individuals. Therefore, the discrimination between small,
medium and large alien plants populations in natural areas in Israel has to consider
very low threshold values. Furthermore, since the conclusions of any study on
invasive plants eventually concern control measures, the distinction between the
sizes of alien plant populations needs to reflect, to some extent, the feasibility
of controlling these populations. Therefore, for ligneous species, populations of
less than 50 individuals are regarded as nascent foci where eradication (sensu
Myers et al., 1998), is a realistic goal that can reasonably be attained with limited
resources. Populations that comprise between 50 and 200 individuals (ligneous)
should be considered as alien foci where eradication remains feasible, yet, only if
substantial resources are allocated to the eradication program and particularly to
the repeated post-eradication surveys. These surveys are essential as they aim to
remove new immature individuals, e.g. seedlings, which develop subsequent to
the first eradication effort. Post-eradication surveys are of uttmost importance if
eradication is to be successful (Mack & Lonsdale, 2002). It must be stressed that
post-eradication surveys often need to span over long periods of time as the seed
dormancy of many invasive plants is often very long (D'Antonio & Meyerson,
2002). Consequently, the resources in time and money that must be devoted to the
eradication of'medium' populations may be more significant thaninitially expected.
Subsequently, it should be assumed that 'large' populations', i.e. including over
200 ligneous individuals over less than 10 hectares, are more difficult to eradicate
and alternative control objectives may be considered such as decreasing the size
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of the affected area in a framework of short term control programs. Finally 'very
large' populations of ligneous, i.e. including over 200 individuals over more than
10 hectares, are the least likely to be eradicated, particularly because of the large
seed banks produced by the numerous seed-bearers in place. In this last case,
containment seems to be a more realistic goal, at least in an immediate response
control program. The same principle applies to herbaceous populations, though
much lower thresholds are used since the control and especially the eradication
of herbaceous alien species is more difficult to achieve. Small foci of less than
1 dunam (0.1 ha), are considered readily eradicable. Herbaceous populations
extending over less than 1 hectares can still be eradicated provided sufficient
resources are allocated to that goal; when this is not the case, at the least, their
extent can be reduced. Populations of herbaceous aliens invading natural areas
over more than 1 hectares are less likely eradicable unless special efforts are
made. But, at the least, the range of these populations can be contained.

Stages of alien plant invasion: The invasion stages were defined for each alien
taxon according to the terminology proposed by Richardson et al. (2000) and
Pysek et al. (2004). Three main stages were differentiated: invasive, naturalized,
and casual.

Priority list: The priority list ranks alien taxa according to both the severity of the
ecological threat they present and their population size. The ecological threat levels
were determined according to three parameters: (a) the allelopathic properties of
the species, (b) its ability to form dense stands, and (c) its propensity to invade
natural undisturbed areas. The classes of population size were determined as
explained above. The priority list of the alien plant populations that should be
controlled was determined on the basis of the two considerations: ecological
threat levels and population size. The principle guiding the preparation of the
list was to first control small foci formed by species characterized by the highest
levels of ecological threat.

A GIS compatible database of alien plants: The basic table includes 15 items
containing all the details related to each population and each taxa recorded during
the fieldwork. The table was built so it can be easily updated in future alien plants
Surveys.
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MAIN RESULTS

A total of 210 populations of alien plants, formed by 45 different non-native
species, were recorded, among them: 22 trees, six shrubs or dwarf shrubs and
17 herbaceous, annuals or perennials. Unlike other regions with similar climate
conditions, such as Australia, South Africa and California, the spectrum of alien
plant species in Israel shows an unexpected predominance of ligneous species:
62% of the alien plants are ligneous. Up to 32 plant species (71%) can be labeled
'invasive', 9 are naturalized' (20%) and only 4 species (9%) are currently casual.
Considering the population sizes of the alien species, it was discovered that 72%
of the alien plant populations, both herbaceous and ligneous, are small or medium
sized. Eight levels of ecological threat were distinguished and 39% of the species
ranked in the two highest levels. 15% of the populations considered in this study
were ranked at the top of the priority list. Considering the fact that the control of
ligneous aliens is generally easier than herbaceous species and that the control of
small and medium size populations is more likely to succeed than the control of
large populations, the results suggest that the feasibility of significantly reducing
the alien plant populations invading natural areas in Israel remains high. This,
however, is conditional on control programs being implemented with no further
delay.
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