
16

© The Author(s) 2021. This is an open access article distributed under the terms of the CC BY-NC-ND license.
https://content.sciendo.com/view/journals/eko/eko-overview.xml

Ekológia (Bratislava) - Journal of the Institute of Landscape Ecology, Slovak Academy of Sciences

Introduction 

Alien species are altering the world’s natural ecosystems and 
often reduce diversity and cause economic losses in agriculture 
(Mack et al., 2000; Sakai et al., 2001; Downey, 2008; Mason et 
al., 2009). Through the terrestrial globe, thousands of invasive 
alien plant species have been introduced to native ecosystems 
worldwide throughout history, both intentionally and uninten-
tionally. Nowadays, the ecology and evolutionary potential of 
alien species are of interest to several environmental managers, 
and the effects of biological invasions on native communities 
and ecosystems are a major priority in ecology (Wardle et al., 
2011; Simberloff et al., 2012; Baranová et al., 2017). Due to their 
faster growth, several studies use alien species to restore areas 
that have been heavily degraded (Ewel, Putz, 2004; Konaikova, 
Vakarenko, 2020). Many studies show that several herbivores 
were found to use alien plants, but their impact was small on al-
ien than on native plants. There are many types of interactions 
between animal and plant where herbivores gains and profits 
from consuming plants whereas the plants are damaged.

Herbivory is considered the central focus of the organi-
zation of biotic communities (Marquis, 1992; Janzen, 1970; 
Grime, 2002). Although the effects of vertebrate herbivores on 
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Abstract

Gamoun M., Louhaichi M.: Alien plants are less palatable to pest herbivores than native plants: evidence from cafeteria experiments in search of suit-
able plant species to restore degraded ecosystems. Ekológia (Bratislava), Vol. 40, No. 1, p. 16–24, 2021.

Nowadays, the ecology and evolutionary potential of alien species are the subjects of several ecological studies. The goal of this study was to compare 
the feeding preference of Arion ater on seedlings and leaves of alien and native plant species. Seedlings of three native species and one alien species 
were offered to slugs individually and in combination. Afterward, leaf discs from the native and alien species collected from the same source site of 
slug’s habitat were offered individually and in combination for slugs. When the new plant emerges, it constitutes a generous source of potential food 
and slugs would even feed on seedlings, which are not particularly palatable. Nonetheless, when given a choice, slug often preferentially feeds on some 
food items while ignoring others. Alien plants are more resistant to herbivory than native plants. There is a general tendency for alien species to be less 
palatable than native species. In general, slugs may eat a wide range of seedlings that are much more attractive than mature plants of the same species. 
Therefore, the native herbivores were found to attack native plants and promoted alien plants. Consequently, highly unacceptable alien species such 
as Eucalyptus globulus may play an important role in the restoration process.
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plant communities are frequently studied, the effects of inver-
tebrates are important as well (Clear-Hill, Silvertown, 1997). 
Among these invertebrate herbivores, terrestrial molluscs, such 
as slugs, are not the only invertebrates to feed on plants and are 
some of the most important grazers, which have been the sub-
ject of several studies. Because these molluscs, mainly slugs, are 
known to attack seedlings (Hanley et al., 1995a; Hitchmough, 
Wagner, 2011; Barlow et al., 2013) and can profoundly exert 
an impact on native plant recruitment and consequently adult 
species composition (Hanley et al., 1996a).

In recent years, slugs have become ever more important, 
partly because several species are becoming agricultural and 
horticultural pests and partly because they have proved to be 
useful experimental animals. Several works that have attempt-
ed to determine the feeding behavior of herbivorous molluscs 
have tended to focus on the acceptability of various plants 
as food in both the field and laboratory (Grime et al., 1968; 
Dirzo, 1980; Dirzo, Harper, 1982; M�������������������������ø������������������������lgaard, 1986; Cook, Rad-
ford, 1988; Rueda et al., 1991; Hanley et al., 1995b; Fenner et 
al., 1999; Hitchmough, Wagner, 2011). Fenner (1987) suggests 
that the attack is more likely to result in the death of the seed-
ling and elimination of grazing in several communities reduces 
seedling deaths dramatically.
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It is clear that slugs are not indiscriminate feeders but active-
ly choose certain foods in preference to others (South, 1992). 
Upon arrival at a food source, many of the same chemicals that 
served as the attractants also stimulate feeding (Thomas, 1986), 
although food arousal may be short-lived (Tuersley, 1989). For 
example, Taylor (1902−1907) learned that most slugs are om-
nivorous and described how Arion ater rejected 39 out of 197 
foods. Furthermore, Fromming (1954) provided a great deal 
of information about the range of plants consumed by slugs 
and their preferences and described A. ater as a polyphagous 
species. However, subsequent investigations have shown that 
slugs are capable of a high degree of selection in their feeding 
behavior and could potentially have great effects on seedling 
recruitment of some species (Buschmann et al., 2005; Strauss 
et al., 2009; Hanley, 2004; Hanley et al., 1995b; Hulme, 1996a; 
Edwards, Crawley, 1999; Wilby, Brown, 2001; Maze 2009; Sc-
heidel, Bruelheide, 2005). Rathcke (1985) suggests that slugs 
exert a strong selective pressure on the morphology, phenol-
ogy, and defenses of native plants. Seedlings are more palat-
able than adult plants, as they contain a lower concentration 
of secondary metabolites (Hanley et al., 1995a; Fenner et al., 
1999) and morphological factors influence feeding behavior, 
with epidermal cell wall thickness and hairiness related to pal-
atability (Scheidel, Bruelheide, 1999). The effect of secondary 
plant metabolites is in this connection indisputable (Crawford-
Sidebotham, 1972; Rhoades, Cates, 1976; Mølgaard, 1986) and 
has even been considered as one of the driving forces in macro-
evolution (Cronquist, 1977; Gottlieb, 1982).

In northern Spain, since the last century, Eucalyptus globu-
lus was introduced in extensive plantation from Australia for 
afforestation and agroforestry activities. Climate and soil con-
ditions are particularly known to the success of development 
of eucalyptus in this region. On the contrary, the effect of her-
bivory on the invasive potentiality of this species has yet to be 
widely experimentally assessed. The success or failure of the 
invasion of exotic species may be affected by herbivory (Maron, 
Vilá, 2001; Keane, Crawley, 2002; Shea, Chesson, 2002; Levine 
et al., 2004; Bruno et al., 2005; Parker et al., 2006; Nuňez et al., 
2008).

The objective of the experiment described in the present 
paper is an attempt to compare the palatability of three native 
species and one alien species to slug. More precisely, the pur-
pose of this study was to test the food preference for alien plants 
Eucalyptus globulus in gastropod herbivore.

Material and methods

Slugs

Arion ater is a large terrestrial gastropod mollusc belonging to 
the family Arionidae with an average length is approximately 
10–15 cm when mature. Ten adult A. ater, weighing an average 
of almost 19.5 g, were collected from the forest located near the 
University of Vigo, Spain. All slugs were kept individually in 
clear plastic boxes (40, 30, and 25 cm), with the base covered 
with moist soil and sprayed with fresh water every day to en-
sure high humidity and prevent dehydration throughout each 
of the experiments. The slugs were fed with fresh leaves for at 
least 2 weeks to ensure acclimation prior to use in experiments. 

The environment was maintained at an ambient temperature of 
laboratory (≈25 ºC).

Seedling preferences

Seeds of one alien species and three native species (Eucalyptus 
globulus, Plantago lanceolata, Lotus pedunculatus, and Bras-
sica rapa) were set to germinate separately in aluminum trays 
(20�����������������������������������������������������������×����������������������������������������������������������15��������������������������������������������������������×�������������������������������������������������������5 cm deep) filled with soil and maintained in the labo-
ratory.

Eucalyptus globulus is an alien species in Spain and is the 
most productive forest species in Galicia (northwest Spain) and 
more than 200,000 ha are covered by this species in pure stands 
(Fernández et al., 2009). Plantago lanceolata, Lotus peduncula-
tus and Brassica rapa are native and very common species that 
frequently share the habitat with Eucalyptus globulus.

As Plantago lanceolata and Lotus pedunculatus, Brassica 
rapa is a common native species in the area that is frequent in 
open areas such as roadsides or abandoned fields, where Euca-
lyptus globulus seedlings frequently establish. All species ger-
minated within 2–4 days. Prior to beginning the experiment, 
ten seedlings of each species were transplanted in ten pots after 
the appearance of the first true leaves. The same pots were used 
with 20×15×5 cm deep, and each contained 1 kg soil.

In other ten plots, five seedlings of each species were trans-
planted in each plot, so that each plot contains a mix of 20 seed-
lings, five of each species. The seedling then provides abundant 
food for the slugs.

Where the seedlings were approximately 15 days old, they 
were offered to the slugs. In the first part of the experiment, 
each animal was offered ten seedlings per species at once for 24 
h and four species were tested in total. In the second part of the 
experiment, five seedlings of each species were offered in com-
bination to each animal for consumption for a period of three 
days for testing of preference feeding.

Leaf disc feeding

In the second experiment, we studied one alien species and 
three native species: E. globulus, Plantago lanceolata, Lotus pe-
dunculatus and Salix atrocinerea.

Leaf discs were cut from fresh, adult leaves of all species and 
offered to Arion ater in Petri dishes (Ø = 9 cm). In each dish, 
five (Ø = 10 mm) leaf discs of each plant species were weighed 
and placed on wet filter paper. Slugs were deprived of food for 
24 h prior to testing. On the day of testing, one dish of leaf discs 
was given separately to each slug and allowed to feed for a pe-
riod of approximately 24 h. Afterward, each slug was offered a 
combination of leaf discs of four different plant species. In the 
combined feeding experiment, each Petri dish containing five 
leaf discs from each species plants were offered simultaneously 
to the slugs in a cafeteria experiment for three days. Thus, the 
tens slugs were simultaneously fed either (1) five discs of Eu-
calyptus globulus, (2) five discs of Plantago lanceolata, (3) five 
discs of Lotus pedunculatus, (4) five discs of Salix atrocinerea, 
and (5) all four species.

On the following day of each trial, the leaf discs consumed 
were reweighed to assess the amounts eaten by the slugs. The 
undamaged discs avoided by slug are used as control discs in 
order to prevent changes in the weight of leaf due to dehydra-
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tion. Nevertheless, we have found that dehydration losses are 
negligible during treatment. Samples of leaf were oven-dried at 
70 ºC to measure the dry mass.

The data were analyzed using IBM SPSS statistics 20. Data 
were subjected to one-way or two-way ANOVA and LSD test 
to analyze the difference among treatments with the significant 
differences at P ≤ 0.05.

Results

Seedling preferences

In our seedling preference trials, all seedlings attacked by slugs 
completely removed all aboveground biomass of the plant and 
were totally consumed.

When Arion ater was offered each species individually for 
24 h, there were significant differences in palatability between 
species (F = 14.098; P < 0.0001). Preference for seedlings of 
Brassica rapa was significantly higher than the preference for 
Lotus pedunculatus, Plantago lanceolata, and Eucalyptus globu-
lus (Fig. 1). Seedlings of E. globulus was significantly less pre-
ferred than all the other species. There was a significant dif-
ference in preference between E. globulus and Brassica  rapa, 
between Eucalyptus globulus and Lotus pedunculatus, between 
Brassica rapa and Plantago lanceolata, between Brassica rappa 
and Lotus pedunculatus, and between Plantago lanceolata and 
Lotus pedunculatus, whereas there was no significant difference 
in the preference between Eucalyptus globulus and Plantago 
lanceolata. Approximately, the consumption rate of Brassica 
rapa was 78% (±7.8) seedlings, 52% (±12) seedlings of Lotus 
pedunculatus, 23% (±7.7) of seedlings of Plantago lanceolata, 
and 8% (±2.9) seedlings of Eucalyptus globulus.

When offered a choice between seedlings from four spe-
cies for three days, a two-way ANOVA on seedling consump-
tion showed interaction between seedlings types and times (F 
= 3.765; P = 0.002) and significant difference between seedling 
types (F = 3.562; P = 0.017), and between time (F = 8.936; P 
<0.0001).

A 24-h feeding showed a consumption of 30.5% of seed-
lings by slugs. The second day induced the consumption of 13% 
of seedlings, which is maintained at a lower level during the 
third following day with about 8% of seedlings (Fig. 2).

During the first day of feeding by Arion ater, the most con-
sumed plant was Brassica rapa. On average, the consumption 
of B. rapa was 60% of seedlings, 38% of seedlings of Lotus pe-
dunculatus, 14% of seedlings of Plantago lanceolata and 10% of 
seedlings of Eucalyptus globulus.

On the second day, the most consumed plant was Plantago 
lanceolata. On average, the consumption rate of P. lanceolata 
was 24% of seedlings, 14% of seedling of Lotus pedunculatus, 
12% of seedlings of Brassica rapa, and 2% of seedlings of Eu-
calyptus globulus. On the third day, the rate of consumption 
becomes very low and the most consumed plant was Plantago 
lanceolata. On average, the consumption rate of P. lanceolata 
was 18% of seedlings, 12% of seedlings of Lotus pedunculatus, 
0% of seedlings of Brassica rapa and 2% of seedlings of Euca-
lyptus globulus.

After three days, 72% of Brassica rapa plants had been con-
sumed (seedlings were completely consumed by seven slugs), 
64% of Lotus pedunculatus had been consumed, 56% of Plan-
tago lanceolata had been consumed and 14% of Eucalyptus 
globulus had been consumed.

Leaf disc preferences

The consumption rate varied according to plant species be-
tween 0% for E.  globulus and 60% for Plantago lanceolata. 
There were significant differences in the palatability based on 
leaf consumption rates (F=11.986; P < 0.001).

The palatability or acceptance by A. ater in each of the tens 
treatments for 24 h varied considerably among plant species 
(Fig. 3). The total proportion of feeding during the treatment 
period was 0% for Eucalyptus globulus, 4% for Salix atrocinerea, 
25% for Lotus pedunculatus and 60% for Plantago lanceolata. 
Within the 24 h of experimental feeding, leaves of P. lanceolata 
had the highest rate of consumption, indicating that this is the 
most preferred. Within the four species of leaves, P. lanceolata 
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Fig. 1. The consumption rate of four seedlings types by Arion ater 
on seedlings of Eucalyptus globulus (n=10), Plantago lanceolata 
(n=10), Lotus pedunculatus (n=10) and Brassica rapa (n=10).

Fig. 2. Consumption rate of Arion ater in the choice experiment on seed-
lings of Eucalyptus globulus (n=10), Plantago lanceolata (n=10), Lotus pe-
dunculatus (n=10) and Brassica rapa (n=10) per day over the 3 days’ test.
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was the only species to differ significantly from the other spe-
cies. The rate of consumption (%) was found to be significantly 
greater in this species compared to the three other species. A 
comparison of all discs leaf using LSD also showed that only P. 
lanceolata differed substantially in the rate of consumption (P 
< 0.0001).

In this feeding trial, when slugs were offered a single food, 
P. lanceolata was the only species most consumed and Lotus pe-
dunculatus and Salix atrocinerea were the two species less con-
sumed, while Eucalyptus globulus was the only species in this 
trial that was not consumed.

When offered the choice between leaf discs from four plants 
species for three days, Arion ater showed high feeding prefer-
ences between species (F=6.729; P < 0.0001). The foliage con-
sumption was dependent on time (F=4.419; P = 0.014) and the 
interaction was significant (F=4.388; P = 0.01). When given a 
choice, slug often preferentially feed on some food items while 
ignoring others. Plantago lanceolata was obviously consumed 
by the slugs from the first day. Lotus pedunculatus appeared to 
be eaten in modest amounts, but the result was variable enough 
that the mass eaten was or was not statistically significant. Eu-
calyptus  globulus and Salix atrocinerea appeared not to be eaten 
at all periods (Fig. 4). Arion ater clearly preferred Plantago lan-
ceoltata and avoided Eucalyptus globulus and Salix atrocinerea, 
while it neither preferred nor avoided Lotus pedunculatus.

Discussion

Cafeteria experiments can afford appropriate information 
about selective slug herbivory for a broad range of plants. Our 
results demonstrate that Arion ater preference varies among 
plant species. It is important to consider that intrinsic plant 
properties can affect feeding preferences and food choice (e.g., 
nutrient content, plant growth phenology, toughness) (Lodge, 
1991; Newman, 1991; Rosenthal, Berenbaum, 1992; Lodge et 
al., 1998). The results of the first experiment of seedling pref-
erence indicated that there is a significant difference between 
alien and native plant species. There is a general tendency for 
alien species to be less palatable than native species.

The results of seedling feeding experiments indicate that the 
slugs prefer seedlings than mature plants. When the new plant 
emerges, it constitutes a generous source of potential food and 
slugs would even feed on seedlings which are not particularly 
palatable. Our present finding is suggested by several previ-
ous studies (Hanley et al., 1995b; Byers, Bierlein, 1982; Barker, 
1989). Likewise, when the slugs eat the plant, the whole seed-
ling is removed. Whatever the type of plant, slugs have prefer-
ences for newly emerged seedlings.

A number of studies have confirmed that plant species vary 
consistently in their relative acceptability to generalist seedling 
herbivores and was largely driven by chemical cues (Hanley et 
al., 1995a,b, 1996a,b; Hanley et al., 2011; Hanley, 2004; Fenner 
et al., 1999). In general, herbivores tend to be more selective 
and use the same range of the native plant. A comparison of the 
number of seedlings of the studied species eaten showed a high 
susceptibility of native species to slug feeding such as Brassica 
rapa. Arion ater showed clear preferences for particular seed-
ling and more than 78% of Brassica rapa was completely eaten. 
For many of Brassicaceae, slugs appear to be the main herbi-
vore (Buschmann et al., 2002; Briner, Frank, 1998) and can be a 
limiting factor for seedling recruitment (Moshgani et al., 2014) 
although the fact that mustard oils they contain are known to 
be toxic to herbivores (Rees, Brown, 1992; Briner, Frank, 1998) 
and characterized by the glucosinolate-myrosinase defense 
system against herbivore attack (Talekar, Shelton, 1993). It is 
shown that Glucosinolates are a major component of B. rapa 
(Cartea et al., 2012; Padilla et al., 2007) and could explain their 
higher palatability by slugs.

Even though slugs were given a choice, B. rapa (78%) was 
mostly eaten, followed by Lotus pedunculatus (52%), Plantago 
lanceolata (23%), and Eucalyptus globulus (8%). For instance, 
among 16 species studied by Kozłowski and Jaskulska (2014), 
the most damaged plants were Brassica rapa. The degree of ac-
ceptance to the alien species seedlings of Eucalyptus globulus 
after three days was significantly the least, being around 10%, 
decreasing to about 2% after three days.

E. globulus is the least consumed species by Arion ater. It 
might be expected that this species contains tannin as suggest-
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Fig. 3. Consumption rate of Arion ater on leaves of Eucalyptus globu-
lus (n=10), Plantago lanceolata (n=10), Lotus pedunculatus (n=10) 
and Salix atrocinerea (n=10).

Fig. 4. Consumption rate of Arion ater in the choice experiment on leaves 
of Eucalyptus globulus (n=10), Plantago lanceolata (n=10), Lotus pedun-
culatus (n=10) and Salix atrocinerea (n=10) per day over the 3 days’ test.

Ekológia (Bratislava) 2021: 40(1): 16–24



20

ed by Rapley et al. (2008) and that foliar tannins were operating 
as a chemical defence in Eucalyptus globulus against herbivory 
feeding. When plant contains tannin and phenolics, they are 
avoided by molluscs (Mølgaard, 1986), whereas previous stud-
ies noted that tannins impaired protein digestion and nitrogen 
balance (Silanikove et al., 1997; Decandia et al., 2000). Feeny 
(1970) found that tannin reduces load either directly through 
toxicity or growth alteration or directly through reduction of 
palatability. In general, the chemical compound content of 
seedling differs both quantitatively and qualitatively from that 
of the foliage of the mature plants (Boland et al., 1982; Doran, 
2002). These differences are significant because seedlings may 
often be more susceptible to slugs than adult leaves.

The laboratory estimates for individual slugs in the present 
investigation gave a mean of 14.04 mg/day. The most number 
of leaves that were eaten by slug is of Plantago lanceolata with 
an average of 12.44 mg/day. However, at six individual slugs, 
leaf discs were consumed completely at 20.74 mg/day.

These studies have found the converse that leaf discs of P. 
lanceolata offered singly are consumed more and faster than 
when offered in combination. These native species were to be 
highly palatable to Arion ater. From the previously limited re-
sults, the consumption rate of A. ater does not appear to be 
greatly different from those quoted for molluscs by other stud-
ies. Jenning and Barkham (1976) found that for A. ater the 
consumption rate was 20.15 mg/day. Hunter (1968) estimated 
that for A. hortensis, it was 13.7 mg/day. Discus rotundatus con-
sumed 9.4 mg/day (Mason, 1970) and Agriolimax reticulates 
can consume 60.9 mg/day (Pallant, 1970).

Other studies have shown that Plantago lanceolata were 
quite unacceptable to slugs (Dirzo, 1980; de Nooij, Mook, 
1992; Hulme, 1996b) but greatly eaten by Helix aspersa (Grime 
et al., 1996) and by Deroceras reticulatum (Peters et al., 2000). 
Chemical extracts  can deter the slug Arion ater (Grime et al., 
1968; Mølgaard, 1992). Unlike in previous experiments, among 

the four species studied, Plantago lanceolata is one of the most 
preferred foods for Arion ater. When only some species were 
offered to slugs, they were able to avoid or break the plant’s 
defensive armor.

No-choice feeding studies conducted in our laboratory 
showed that the alien species Eucalyptus globulus are unaccep-
table to Arion ater. This is shown by previous studies in which 
mature leaves are generally considered to be avoided by mol-
luscs (Briner, Frank, 1998; Hanley et al., 1996b). Furthermore, 
Lotus pedunculatus and Salix atrocinerea were mostly strongly 
avoided and were significantly less consumed than Plantago 
lanceolata. Previous experiments found that plants from Plan-
taginaceae showed a more uncertain pattern, sometimes with a 
high palatability, sometimes with a low one for different plant 
species, and also with variation in the acceptability of the same 
plant for different species of molluscs, and even variation in 
time with the same animal (Dirzo, 1980; Mølgaard, 1986). Fur-
thermore, P. lanceolata was consumed extensively and was one 
of the most consumed species when slugs were given a choice. 
Neither specific leaf area nor foliar chemical composition and 
flavonoids content was able to explain why consumption pat-
terns changed when slugs were offered a choice of food sources. 
Our experiment shows that consumption of the Arion ater, also 
used in the present study, was significantly influenced by the 
quality of available food. Likewise, we found that the duration 
of feeding was somewhat influenced by food quality, which is 
different from that found in another study on the slug Laevi-
caulis alte (Raut, Panigrahi, 1990).

Thus, it is not surprising that in choice feeding tests, these 
three species were not eaten by Arion ater. The structure of 
leaves may contribute to avoidance of slug feeding. The leaf 
roughness of Eucalyptus globulus and Salix atrocinerea and the 
hairy leaves of Lotus pedunculatus may have reduced their pal-
atability. In our experience, we observed a great variation in 
the consumption rate of Plantago lanceolata. This species had 

A B

Fig. 5. Seedling of Eucalyptus globulus avoided by slug when given alone (A) and when given the choice with native species (B).
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different compounds such as phenolic compounds (caffeic acid 
derivative) (Mølgaard, 1986) and phenylpropanoid glycoside 
verbascoside at levels up to 9% of dry matter (Fajer et al., 1992), 
which is preferred by Arion refus and the snail Helix pomatia.

The leaf roughness of Eucalyptus globulus and Salix  atroci-
nerea can present a serious problem to much herbivores, which 
can experience difficulty in getting a good grip on the leaf sur-
face and which can affect palatability. For example, young leaves 
of Eucalyptus globulus possess epicuticular wax, which makes 
the leaves slippery and reduces adherence of herbivores (Wal-
ters, 2011). Therefore, we can suggest that the avoidance of ma-
ture leaves was likely related to the higher amount of indigest-
ible fiber they contained. This, in turn, could make it difficult 
for the insects to feed (Brennan, Weinbaum, 2001). Martin and 
Juniper (1970) found that a greater number of all angiosperm 
species contain “extra” chemicals such as sterols and flavonoids, 
mixed in with the cuticular wax. It seems likely that these sub-
stances have a protective role. Furthermore, Eucalyptus are a 
species that produce sclerophyllous leaves that are tough, low in 
nitrogen, high in fiber and in secondary compounds, also with 
leaves unpalatable to herbivores because they contain toxic and 
indigestible compounds. Consequently, the leaves of Eucalyp-
tus are regarded as having a low nutritive value, or food quality, 
to herbivores (Morrow, 1983).

Our results are in agreement with some other previous stud-
ies (Hill, Kotanen, 2009; Dawson et al., 2009; Liu, Stiling, 2006), 
indicating that native herbivores prefer native plants (Fig. 5). 
However, other studies have found herbivores preferring exotic 
over native plants (Maron, Vilà, 2001; Parker et al., 2006; Ric-
ciardi, Ward, 2006).

In general, the alien species E. globulus is less palatable food 
both at the seedling or mature leaves state, and native trees tend 
to suffer more from herbivory than alien trees. In fact, it appears 
that the introduction of Australian eucalyptus to other world re-
gions is a success. This success is certainly due in part to get away 
from specialist insects that exert heavy damage in the native re-
gion. In regions to which these trees have been introduced, the 
effect of native insects is rare (Ohmart, Edwards, 1991). In Cali-
fornia, for example, eucalyptus that has introduced since a long 
time ago has been free of plant diseases and herbivorous insects 
that feed on them in Australia until recently.

As it is widely known, alien plants are notorious for the dam-
age they can do to natural communities. However, only a small 
proportion has become aggressive invaders in natural areas. E. 
globulus have the potential that they may adapt and evolve within 
their new environment. This alien plant may escape herbivore 
damage in their new area that native plants that are more suscep-
tible to herbivore selection.

Successful experiments in which alien seedlings are resistant 
to herbivore demonstrate the potential of this plant species and 
that may be one of the characteristics of many successful invad-
ers (Buschmann et al., 2006). The introduction of alien plants 
species can also shift seedling–herbivore interaction. Tallamy 
(2004) shows that alien plants can negatively affect herbivore 
abundance. For example, in Australia, their origin area, E. stel-
lulata was attacked by 48 species (Morrow, LaMarche, 1978) but 
by only one when it was introduced in California (Strong et al., 
1984). Because of the lack of co-evolved relationship, herbivores 
may feed less on the new species (Liu, Stilling, 2006). Therefore, 
the native herbivores were found to attack native plants and pro-

moted alien plants. Alien plants can benefit from the suppression 
of native plants and can be the avoided food source and may thus 
increase invasive species establishment. Seedlings of highly ac-
ceptable species may be a limiting factor influencing recruitment 
at restoration sites (Barlow et al., 2013).

However, climate, soil, and the biotic traits of the habitat be-
ing invaded are not the only active determinant of alien plant 
establishment: alien plant establishment success also will be af-
fected by herbivory.

We propose that knowledge of the most successful seedling 
establishment of E. globulus in a new region could improve the 
cost effectiveness and efficiency of conservation and restora-
tion programs. In turn, this knowledge of the most successful 
of seedling establishment is determined by herbivore selectivity. 
However, contrary to common practice, it is not always neces-
sary to remove all alien species to obtain excellent restoration 
results. Previous studies suggest that the effectiveness of using al-
ien plants to restore native forest depends on site conditions and 
plantation species used (Bernhardt-Reversat, 2001; Bone et al., 
1997, Haggar et al., 1997; Powers et al., 1997). Nevertheless, some 
Eucalyptus species appear to have a neutral or positive effect on 
native colonization (da Silva et al., 1995). Using alien plants, such 
as E. globulus, could be recommended for restoring degraded 
sites where physical conditions or herbivory pressure seriously 
limit native plants’ establishment. The alien plants might work 
perfectly well or better than native plants where restoration of 
ecosystem services is the main goal (Ewel, Putz, 2004).

Conclusion

Arion ater is a selective herbivore given a choice of seedling and 
mature plant leaves. Our observations demonstrate that native 
invertebrate herbivore preferred native plants and had no pref-
erences for alien versus native plants.

Native species were more preferred than alien species. Fur-
thermore, the seedling was more preferred and very attractive 
to slugs than mature leaves regardless of the type of plants. 
Similarly, slugs may eat a wide range of seedling for the reason 
that seedling represents the freshest food, more accessible to be 
eaten, and have a less toxic composition.

Although slugs do not often result in the killing of the ma-
ture plants, mortality can occur, especially when slugs feed on 
seedlings. Seedlings are mostly affected by slugs, which often 
lead to the disappearance of many plants in the natural ecosys-
tem or cultivated plants.

Otherwise, molluscs may be considered as the real pest 
of plants establishment and can profoundly influence species 
diversity. Therefore, where slug populations are high, control 
measures are necessary during the period of germination and 
initial establishment. The alien species Eucalyptus globulus is 
less palatable food both at the seedling or mature leaves state, 
and native trees tend to suffer more from herbivory than alien 
trees. In fact, it appears that the introduction of E. globulus to 
other world regions is a success and could be recommended for 
restoring degraded sites where physical conditions or herbivory 
pressure seriously limit native plants establishment.
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