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1. THE ISSUE OF WILD RABBITS IN LEMNOS ISLAND1
1.1. WILD RABBITS IN LEMNOS

The European wild rabbit (Oryctolagus cuniculus) has been described as a successful
colonizer and is widely spread in a diverse range of environments around the globe (Myers
et al., 1994). Moreover, in some regions where the species was introduced, exceptional
ecological conditions favored its rapid colonization turning it into a pest (e.g. Australia).
However, in some regions wild-rabbit populations are facing a significant decline in recent
years and for this reason the species is characterized by the IUCN as ‘Near Threatened
Species’ (IUCN, 2008). Nonetheless, outside its natural habitat, where it is considered an
agricultural pest, rabbits’ removal is a priority for conservation purposes (Lees and Bell,
2008). Indeed, a high wild-rabbit population could cause a wide range of ecological
disturbances and produces a significant negative economic impact on local communities,
with several examples being recorded through history in various regions around the world
(Ferreira & Alves, 2009).

Figure 1. The European wild rabbit (Oryctolagus cuniculus)

Lemnos island covers an area of 477 km? and land is dominated by lowland areas, mainly in
the East and Central part, while hills up to 430 m exist in the Western part of the island. The
main habitat types are scrublands, found in the Western and Southern parts of the island,
composed of Sarcopoterium spinosum, Thymus capitatus, Genista acanthoclada, Centaurea
spinosa etc. and dry grasslands, whereas cultivated fields prevail in the Central and Eastern
part of Lemnos, used for growing cereal crops and vineyards. These different habitat types
are associated with differences in soil-type and soil-depth which are important factors in
flourishing the wild-rabbits populations, since they rely in digging burrows where they are

! This chapter has been compiled by loannis Hadjigeorgiou and Tilemachos Chatzigeorgiou.
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protected from predators during daytime and they can grow their offspring. The effects of
environmental features on distribution and abundance of wild-rabbits is well documented in
literature (Rodgers et al., 1994; Ferreira & Alves, 2009) and indeed the presence and density
of wild-rabbits differ largely between areas in Lemnos.

Distribution and abundance of wild rabbits on Lemnos island.
(after Kontsiotis and Papageorgiou, 2008)
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In Lemnos Island, during the last decades, a large increase of wild-rabbits has become a
plague on the island’s biodiversity, ecosystems and crops (Kontsiotis et al., 2013a). This
disturbance has been enhanced by the abandonment of cultivated land in many rural areas
of the northeastern part of the island, due to economic and social changes occurring during
the same period. These multilevel changes in the local socio-economic systems, have
affected severely parts of the island’s natural and agricultural ecosystems as well as its local
agro-economy. According to testimonies by locals, the first measurable damage from wild-
rabbits, recorded on cereal crops in Lemnos, was produced in the early 1980s. At the end of
that decade, the population of rabbits declined, probably plagued by an epidemic
(myxomatosis) and they left “clean” large areas of the island. However, during the 1990s
their population recovered and grew impressively, first in the north-northeast Lemnos areas
and gradually throughout the island. As a result, the Hellenic State approved that rabbit
damages on Lemnos crops could be compensated by the “Agricultural Insurance
Organisation”. During the 2000s an attempt was made by the Hellenic State to control the
population by subsidizing hunting, but the project was foreseen for a relatively small number
of animals (40-50 k of rabbits) and with a loose timetable, therefore no positive effects were
obtained and actually further negative consequences for the island's agricultural economy
were observed.
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Figure 2. Spatial distribution of the wild-rabbits concentration on Lemnos island according to
an earlier study (Kontsiotis et al., 2013a)

Rabbits in the island effectively have no predators except avian ones (mainly Buteo buteo
and Pica pica). Some pressure to the population exists through hunting which is allowed
over a period of six months (October to March), allowing also night shooting with the aid of
lights. Apart from these pressures there is no effective management programme for rabbit
control applied in the island, such as the construction of rabbit-proof fences, poisoning,
fumigation, ripping of burrows or habitat management.

The most likely reasons that led to the rabbits’ overpopulation phenomenon can be
described as follows:

- The reduction of the rural population on the island of Lemnos and, above all, the large
change of the agricultural production model. For instance, according to National Statistics
Service (ELSTAT), primary production was employing some 2,593 persons in 1981, while in
2001 only 874. At the same time, the cropping system became highly mechanized and
significantly less labor-intensive. This absence of human presence in the fields has resulted
in a reduction to the nuisance of the wild rabbits’ populations.

Page | 3
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- The permanent discontinuation of harvesting — management in large areas of the island,
either for agricultural cropping, or for grazing, or for the collection of woody biomass, has
resulted in the expansion and density of shrub vegetation and therefore the creation of
shelters for wild rabbits. In addition, the introduction of “Wildlife protection areas”,
destined for the protection of other species of game fauna, had a parallel positive effect
onto the development of the wild-rabbits population.

- The rapid increase in imports of food on the island, and in particular meat, made it
unnecessary for locals to hunt rabbits for meat supplementation to their ration. In
addition, the epidemic disease that affected the population of the wild rabbits caused
population aversion to the consumption of such game (rabbits affected by myxomatosis
become malformed and repulsive).

- The hunting of wild rabbits by hobby-hunters, whom, arriving from other areas in Greece,
were visiting Lemnos in large numbers in the early years of 2000, has been severely
declined in recent years due to the economic crisis.

- The absence of large predators (mammals) on the island (there is predation only by birds
of prey) renders the natural regulation of the rabbit population ineffective.

Figures on the evolution of crop types in Lemnos between years 2005 and 2017 are
presented in Table 1. These figures are derived through the Integrated Administration and
Control System (IACS) of 2005 and 2017, as well as the Single Payment Scheme System for
2009 and 2012.

There is an increase of 75.8% of land set aside between 2005 and 2012, while a continuous
decline of total cropped area of 31.9% (i.e. a total of 44,408 stremmas) is observed between

2005 and 2017.

Table 1. Evolution of areas by crop type in Lemnos between 2005 and 2017 (areas in ha)

Crop Type Year 2005 Year 2009 Year 2012 Year 2017
Set aside 1,471.8 2,397.7 2,586.8 1,515.0
Durum wheat 5,618.8 726.3 328.2 45.1
Other cereals 6,267.8 9,391.7 8,764.1 6,557.7
Pulses — oil seeds 126.8 174.3 337.8 936.3
Animal feeds 532.2 464.5 463.5 1,275.2
TOTAL 13,927.4 13,154.5 12,480.4 9,486.6
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Figure 3. The land of Lemnos is scattered with burrows entrances
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1.2. THE EFFECTS OF WILD-RABBITS ON AGRO-ECOSYSTEMS

Wild-rabbit has been characterized as an extremely successful colonizer of diverse habitats
(Myers et al., 1994). However, in many areas on the Earth, except in the Iberian Peninsula
where it came from, and especially in Australia, South America and Europe, it is considered
an “undesirable” species and an enemy of crops (Flux, 1993; Flux, 1994; Myers et al., 1994;
Rogers et al., 1994; Thompson, 1994; Williams et al., 1995).

As mentioned at the start, wild-rabbit is classified in the Near Threatened (NT) category in
the Red List of species by the International Union of Nature Conservation (IUCN, 2008). This
category covers species that are not classified in one of the first three categories of
endangered species (but are likely to be classified as such in the near future) mainly in the
areas of their natural distribution (e.g. Spain). Its population in these areas has fallen by
almost 95% compared to the 1950s (Delibes et al., 2000). Several scientists today consider
wild-rabbits as a fundamental species for the conservation of ecosystems and call for a
conservation campaign (Delibes-Mateos et al., 2011; Ferreira, 2012). Since they act as
consumer of primary production (vegetation), wild-rabbits shape vegetation, affect the
physicochemical properties of the soil and is a staple feed for a number of species of
predator fauna (Delibes-Mateos et al., 2011; Ferreira, 2012).

Figure 4. A vineyard on Lemnos heavily damaged by rabbits
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On the other hand, wild-rabbits are a potential threat to the natural environment and to
agricultural crops (Kontsiotis et al., 2013b). Especially when high populations develop,
serious damage to the natural environment and agricultural crops is caused. They compete
with native wildlife for food and space and contribute to reducing the number of indigenous
plants and animals (Bell & Boyle, 2008). They can also exacerbate the negative effects on
native species, with the support of large predator populations, such as wolves, foxes and
cats. They can cause extensive erosion due to the consumption of large volumes of
vegetation and consequently soil bareing, and often destroy the habitat of many small
animals. Wild-rabbits also compete with livestock for food (Bell & Boyle, 2008) while they
carry and host parasites and pathogens which affect livestock (Gonzalez-Redondo, 2009;
Boag et al., 2013) and humans (Billinis, 2013).

Figure 5. Land bared by rabbits on Lemnos

Page | 7



Assessment Report on Lemnos Wild Rabbit Population December 2018

1.3. MANAGEMENT OF THE WILD-RABBITS POPULATIONS

Excessive growth in the population of the wild-rabbits has had significant economic and
ecological impacts in many countries around the world and has led to drastic management
measures (Delibes-Mateos et al., 2011; Ferreira, 2012).

According to the Invasive Species Specialist Group (ISSG) of IUCN, the means of management
and control of the wild-rabbits’ populations are classified in the categories of natural,
chemical and biological. More specifically, there are:

e Use of Biological means;

e Use of Chemicals (poisons);
e Destruction of burrows;

e Use of Fumigation;

e Use of Repellents;

e Use of Fencing;

e Shooting - Hunting;

e Use of traps.

Figure 6. A couple of hours harvest of wild rabbits, by shooting, at the heavily infested areas
of Lemnos
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1.4. IMPLICATIONS FOR MANAGEMENT IN LEMNOS

The wild-rabbits population in Lemnos, by reaching high numbers, currently constitutes an
environmental and agricultural threat, justifying the need for the adoption of appropriate
management measures. Some insights on the characteristics determining population density
are necessary, in order to affect population control.

Population density mapping at an appropriate spatial scale is a necessary first step for the
determination of priority areas, where the application of suitable management measures
can reduce wildlife-rural economies conflicts. Furthermore, it is a useful tool for the division
of large areas into smaller management units, according to geomorphologic characteristics;
making the management both cost- and time-effective and efficient. The presence of urban
areas and other anthropogenic elements (i.e. paved roads) should also be taken into account
for the designation of management units, because they are functioning as barriers
preventing the colonization of wild rabbits. An important aspect on this subject is the use of
a low cost/high effect method in recording the population which is at the same time quick
and accurate. Currently, population density has been estimated through indirect (droppings,
burrows, etc.) or direct (sampling counting at night raids) methods, but each one of these
methods has limitations in cost, time and accuracy. Modern technology can provide useful
tools on this aspect.

An ecologically sound management scheme is thought to aim at the elimination of rabbits in
the agricultural areas, while at the same time maintain viable and sustainable populations
in natural areas. Ecotones and riparian vegetation are known to be associated with high
population density and their reduction is necessary if population is to be controlled in
agricultural areas. In those areas, ecotones are often formed between cultivated and
abandoned fields, while the latter are also important burrows sites. Clearly, cultivation of
abandoned fields will lead in more homogenous mosaic with reduced length of ecotones
and subsequently reduced wild rabbit numbers. Furthermore, in the absence of burrows
sites, wild rabbits will be concentrated in field margins where burrow ripping could be
effectively applied. The destruction of burrows could also be applied on stream banks
crossing agricultural areas. The periodic application of the aforementioned measures will
significantly reduce habitat suitability for wild rabbits. Those actions should be combined
with measures that increase mortality, such as hunting all year round or intensive shooting
at the appropriate time (i.e. before the onset of breeding season). On the other hand,
intensive shooting alone should be practiced in natural areas, both for maintaining the
population at desirable levels and for ensuring a significant income for local communities.
Moreover the use of traps is suggested as an ecological practice in rabbits’ control. In fact a
combination of several methods has proven effective in controlling rabbit populations in
other insular areas of the world (Wray, 2006) and it is suggested for Lemnos as well.
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1.5. PHYSICAL ASSESSMENT OF WILD-RABBIT DENSITY ON LEMNOS

Estimating the size of animal populations is crucial to determine species conservation status
and to provide a baseline to assess population trends (Traill et al., 2007). Methods to assess
wild-rabbit populations are direct or indirect. Four field methods have been used to assess
rabbit abundance: live trapping and counts of individuals belong to the first category, while
pellet or warrens counts belong to the indirect methods category. Making counts of animals
is done at night, with the aid of a light source, while crossing the fields is the most common
direct method. However, the simplest and most commonly used technique is counting
pellets, which is used to monitor rabbit populations for long periods and for large scale
surveys (Palomares, 2001; Poole et al., 2003). Nonetheless, obtaining precise and accurate
estimates of the number of wild animals within an area and evaluating demographic changes
over time still remain challenging (Schwartz et al., 2007; Sabino-Marques et al., 2018).

During July 2018 assessment of wild rabbit populations in various locations of Lemnos
Island was performed. Populations were estimated using the pellet counting technique. In
short two observers were searching for rabbit latrine areas where they estimated the
ground surface area covered by pellets. Then photos of a predetermined area of 0.05 m?
were taken at representative points of the pellets-covered area in order to assess the
average density of pellets per m?. Assuming a production of 300 pellets per day and a
ranging radius of 80-100 m around their warrens, the average number of rabbits ha™? was

calculated. The following table presents the findings of this assessment.

Table 2. Results of physical assessment of wild-rabbit density on Lemnos Island, July 2018

Station Rabbits ha™ Station Rabbits ha?
Krinida 1 6.9 Anemoessa-Lichna 1 4.5
Krinida 2 10.0 Anemoessa-Lichna 2 5.5
Propouli 1 0.3 Lichna 1 19.3
Propouli 2 0.2 Lichna 2 14.3
Atsiki-Karpasi 1 1.7 Lichna 3 2.1
Atsiki-Karpasi 2 2.7 Lichna 4 19.8
Karpasi 1 4.0 Kotsinas-Kontopouli 10.9
Karpasi 2 2.6 Kotsinas 1 4.7
Varos 6.7 Kotsinas 2 12.5
Repanidi 10.5 Kotsinas 3 7.1
Romano 1 134 Kotsinas 4 18.0
Romano 2 15.9 Kotsinas 5 7.6
Romano 3 18.7 Moudros 32.0

It was evident that rabbits’ population had recovered in recent months after the winter
2017-2018 collapse. Moreover, there was a high variability in rabbit density between
neighboring stations, which was also recorded by Kontsiotis et al. (2013a) in Lemnos.

Page | 10
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Figure 7. Assessment of wild-rabbit populations in various locations of Lemnos Island using
the pellet counting technique (July 2018)
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2. ASSESSING FAVORABLE LANDS FOR WILD RABBITS ON
LEMNOS ISLAND?

Rabbits are prey animals and are therefore constantly aware of their surroundings. They
survive by burrowing holes into the soil in a zig-zag motion. Wild rabbits have been a source
of environmental problems as a result of their appetites, and the rate at which they breed,
creating severe problems in agriculture and the environment. Wild rabbits primarily feed on
herbaceous plants in winter and spring while in summer and autumn they can switch to
feeding on woody vegetation. Rabbits damage woody plants by gnawing bark or clipping off
branches, stems and buds. Based on these characteristics, an attempt to assess which areas
of Lemnos Island are prone to developing rabbit populations has been made.

2.1. METHODOLOGICAL APPROACH

Based on the ecological preferences of wild rabbit living, an effort has been made to classify
the land of Lemnos in areas which are favorable for rabbit living, based on soil and
vegetation characteristics (Kontsiotis et al., 2013a).

a. Soils

The following soil characteristics have been used: (a) soil depth, (b) parent material, (c) slope
gradient, and (d) drainage conditions.

2 This chapter has been compiled by Costantinos Kosmas and Orestis Kairis.
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Soil depth affects the space available for the creation of burrows. Lands with soil depths less
than 50 cm have been considered as less favorable for rabbit living. All the other classes of
soil depths were considered as favorable for excavating burrows.

Parent material affects soil characteristics and especially soil texture, therefore soil
consistence, affecting the ability of rabbits to excavate a burrow. For example, soils formed
on sand dunes or sandstones are the most favorable parent materials for rabbits. Based on
the existing parent materials of Lemnos, the following classification with the corresponding
preferences of rabbits for digging has been undertaken: (a) sand dunes, sandstones, flysch —
high favorable; (b) alluvial deposits, alluvial terraces, marls, alluvial fans, clay deposits —
medium favorable; (c) volcanic rocks, magmatic conglomerates — low favorable.

Slope gradient can be a constraint for rabbit living. Lands with a slope gradient greater than
35% have been considered as less favorable areas for rabbit living. All the other slope classes
were considered as not imposing any constraint for rabbit living.

Drainage conditions are related to soil moisture and, as such, to the conditions inside the
burrow, at least for the wet months of the year. Very poorly drained soils are not preferable
by rabbits since these soils are saturated with water. Therefore, soils characterized as very
poorly drained (drainage symbols in soil map: D/F, E/F, G, E/G) have been characterized as
less favorable for rabbit growth. All other soil drainage classes have been considered as not
imposing any constraint for excavating holes.

Based on the soil maps (a) compiled for the Terra Lemnia project, and (b) produced by the
Ministry of Agricultural Development and Food (OPEKEPE, 2014) for the parts of Lemnos
that were included in the Terra Lemnia project, favorable areas based on soil characteristics
have been identified. The following combinations of soil parameters were considered, with
the corresponding classification of preferences for wild rabbits:

1. Lands with soil depth less than 50 cm independently of other soil characteristics >
less favorable.

2. lands with slope gradients greater than 35% independently of other soil
characteristics - less favorable.

3. Lands with soils very poorly drained independently of other soil characteristics >
less favorable.

4. Lands with soils formed on flysch, sand dunes or sandstone parent materials, which
are well drained, have soil depth greater than 50 cm, and slope gradient less than
35% > highly favorable.

5. Lands with soils formed on alluvial deposits, alluvial terraces, marls, alluvial fans or
clay deposits parent materials, which are well drained, have soil depth greater than
50 cm, and slope gradient less than 35% - moderately favorable.

6. Lands with soils formed on volcanic rocks or magmatic conglomerates parent
materials, which are well drained, have soil depth greater than 50 cm, and slope
gradient less than 35% - less favorable.
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b. Vegetation

Vegetation characteristics have been classified based on the rabbits’ feeding preferences.
Herbaceous vegetation and especially cereals have been considered as high preference for
rabbit feeding. Woody type of vegetation, such as perennial crops or natural perennial
vegetation, has been considered as moderate preference for rabbit feeding. The CORINE
2012 land cover map has been used for describing the existing vegetation in the island of
Lemnos. The various CORINE land cover types have been classified as follows:

1. Arable land - highly favorable.

2. Forests, heterogeneous agricultural areas, pastures, permanent crops —>
moderately favorable.

3. Open spaces with little or no vegetation, scrub and/or herbaceous vegetation,
wetlands > less favorable.

c. Compilation of soil and vegetation data

Based on the above soil and vegetation classification, and by combining: (a) the soil-based
favorable areas and (b) the vegetation-based favorable areas, a composite map of the
rabbits’ most favorable areas was produced. This compilation has been made applying the
principle of the most important limitation factor. For example, if an area was classified as
“less favorable” based on soil characteristics and “moderately favorable” based on
vegetation characteristics, then the final assessment in the composite map would be “less
favorable”, since the limitation that originates from the soil characteristics creates
unfavorable conditions for rabbit living. The composite classification of favorable areas using
the above principle is presented in Table 3.

Table 3. Assessment of favorable areas for wild rabbits based on soil and vegetation
characteristics

Soil map Vegetation map Composite map
Low Low Low
Moderate Low Moderate
High Low Moderate
Low Moderate Low
Moderate Moderate Moderate
High Moderate High
Low High Moderate
Moderate High High
High High High
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2.2. ASSESSMENT OF WILD RABBIT FAVORABLE AREAS

a. Assessment of favorable areas based on soil characteristics

Figure 8 shows the assessment of favorable land on the basis of soil characteristics. The
most favorable areas for rabbit living are distributed in various locations in the island. Soils
located in the greater areas of the villages Plaka-Panagia, Fisini-Skandali, Roussopouli,
Propouli, Dafni-Ag. Dimitrios are characterized as highly favorable for rabbit living. These
areas are characterized as such due to the presence of soil parent materials like sandstones,
flysch and sand dunes with relatively deep soils favoring excavation of burrows by rabbits.
The central part of Lemnos Island is mainly characterized as moderately favorable. The soils
in those areas are formed on parent materials such as alluvial deposits, alluvial terraces,
marls, clay deposits, moderately deep to very deep, well to moderately well drained,
moderately fine to fine-textured, favoring the formation of moderately to highly consistent
soils especially when they are dry, partially restricting excavation of burrows by rabbits. Less
favorable areas are mainly mountainous areas with very steep slopes and shallow soils or
plain areas that are temporarily or all year round flooded, which are characterized as

wetlands.
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Figure 8. Classification of favorable areas for wild rabbits based on soil characteristics
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b. Assessment of favorable areas based on vegetation characteristics

Figure 9 shows the assessment of favorable areas based on vegetation

characteristics. The

western part of the island is mainly classified as less favorable for rabbit living since the

dominant vegetation is scrub and/or herbaceous subjected to grazing. Similarly, the largest

part of Fakos and Fisini study areas are characterized as less favorable. The central and

eastern part of the island is mainly characterized as highly favorable due the presence of

highly palatable vegetation such as cereals. Moderately favorable

areas are widely

distributed as small patches on the whole island. This is attributed to the presence of a
mosaic of heterogeneous agricultural areas, pastures, and permanent crops.
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Figure 9. Classification of favorable areas for wild rabbits based on land cover characteristics
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c. Integrated assessment of favorable areas

The map of Figure 10 was derived by integrating soil and vegetation characteristics for the
final assessment of favorable areas for rabbit living. The highly favorable class is covering
30.9% of Lemnos Island. These areas are mainly located in the central and eastern part of
the island. The combination of good soil conditions for both (a) vegetation growth (mainly
agricultural crops preferred by rabbits), and (b) borrowing holes for protection of rabbits,
resulted in assessing these areas as highly favorable. The less favorable class is mainly
located in the south and western part of Lemnos, covering 36.4% of the whole island. The
combination of steep slopes with shallow soils and shrubby, mainly unpalatable vegetation
for the feeding of rabbits or herbaceous vegetation subjected to grazing, resulted in adverse
conditions for rabbit living. Areas characterized as moderately favorable are widely
distributed in the island, covering an area of 30.6% of Lemnos. Such areas are characterized
by soil characteristics moderately favoring borrowing holes and vegetation moderately
palatable by rabbits.
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Figure 10. Classification of favorable areas for wild rabbits in Lemnos, based on soil and
vegetation characteristics
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