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1. INTRODUCTION
Lemnos is the eighth largest island of Greece extending in an area of 476Km2. It is located in North
Aegean, between the islands of Samothraki, Imbros and Lesvos. The climate is characterized as subhumid or almost semi-arid; high wind frequency (a typical element of Aegean islands, particularly
characteristic of Lemnos Island) being largely responsible for the formation of this dry climate. The
existence of an ancient volcano, on the other hand, has affected the geology and soil formation of
Lemnos. There is important evidence which underlines the ecological interest and importance of the
island’s biodiversity (flora, fauna). In addition, historic sources indicate that Lemnos was characterized
by its fertile soils from the antiquity all the way until the present day – as seen by the cultivation of
mainly cereals and vines across the island. However, extended agricultural use of these areas and,
especially, certain agricultural practices may have negative impacts for biodiversity conservation.
Insects may have viable roles in agro-ecosystems, such as decomposing of organic material, pollination,
crop pest control but also aesthetic value, and for these reasons they are often used as bioindicators.
The study of the frequency and abundance of insects may contribute to our understanding of the effects
that different agro-pastoral practices may have on the agro-ecosystem.
The objective of this study is to monitor different insect species in farms where different agro-pastoral
practices are applied, as a means for investigating the impacts of various practices on the local insect
fauna, as part of activity 1.2.1 of the Terra Lemnia project. Insect monitoring was held using three (3)
complementary methods, allowing to capture both ground and flying insects and hence obtain an
overall picture of the insects’ presence in different habitats, selected for being typical of Lemnos’
agroecosystems.
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2. MATERIALS AND METHODS
During April-May 2018, field work and collection of baseline data on the current status of biodiversity
has been realised on arable and agro-pastoral land of selected areas of the island, including farmlands
and rangelands of the Natura 2000 site GR4110006 (Chortarolimni, wider area of Lake Alyki and Fakos
Peninsula) (see details in the "Biodiversity and Monitoring collaborative map" ).
Monitoring of the arthropod fauna was carried out in selected plots of the four study areas of the Terra
Lemnia project (Vigla, Fakos, Ifestia, Fisini-Poliochni), plus the Communal ‘Metropolis’ Farm, using a
combination of epigeal and aerial sampling means (pitfall traps, yellow sticky traps and sweep netting).
To monitor arthropod fauna, three pitfall traps were established along the diagonal of each plot,
keeping a 3.5m distance from each other (Photos 1 & 2). The traps were plastic containers (cups) of
7.5cm depth, 5.8cm base diameter and 8cm top diameter. Each container was sunk into the ground so
that its rim is flush with the soil surface. Insects and other arthropods are captured when they fall into
the container. No liquid or other material was added in the containers, since materials commonly in use
may be toxic and harmful for other non-target animals such as birds, while offering little or no
advantage for increasing insect captures. The traps were covered for protection against preying birds
with a plastic net established on 10cm high wooden sticks. The traps were placed from 18 to 23 April
2018 and were kept in their position for a period of six (6) days. Then, the captured arthropods were
removed from each trap, placed in an empty plastic container and transferred to the laboratory. The
collected arthropods were separated to insects, spiders and other arthropods. Insects were further
separated to Orders and at a family level, for the most important families.
To monitor flying insect fauna, a yellow sticky trap (20x25cm) was positioned on a stick in a corner of
each plot at a height of 10cm above the top of vegetation cover (Photo 3). The traps were established
simultaneously to the pitfall traps and again collected and transferred to the laboratory six (6) days
later. In total two (2) traps were lost due to strong wind.
The beneficial insects (i.e. natural enemies of crops pests and pollinators) caught on each trap were
identified to family or genus level. The other insects captured were counted and classified to Order per
trap.
Furthermore, sweep netting was performed in each plot, to record the aerial insect fauna, at the day of
trap removal. We sampled by sweeping ten times (sweeps) along the diagonal of the plot where the
pitfall traps had been placed. The insects collected per plot were transferred into a plastic bag (Photo 4).
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Photo 1: Establishment of a pitfall trap in the field.

Photo 3: Insects captured on a yellow sticky trap.
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Photo 2: Pitfall traps filled with arthropods.

Photo 4: Insects collected by sweep netting.
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3. RESULTS
3.1. Overall picture
According to our results, the total number of individuals that belong to different Orders recorded in the
pitfall and yellow sticky traps and with sweep netting are shown in Table 1. In the pitfall traps, the most
abundant species were Coleoptera (mainly predatory ground beetles) (1,452 individuals), Opiliones
(Phalangida, predatory beneficial arthropods) (845 individuals) and Hymenoptera (wasps, ants) (358
individuals), followed by Diptera (flies, usually associated with decomposition of organic material) (192).
In yellow sticky traps Diptera and Thysanoptera (phytophagous insects, thrips) were recorded at much
higher numbers than the other Orders (7,201 and 3,458 individuals) followed by Homoptera
(phytophagous insects, mainly aphids and leafhoppers) (911 individuals). As follows, in sweep netting
Diptera (199) and Coleoptera (138) were the most abundant species.

Table 1. Total number of individuals that belong to different Orders of arthropods collected in the pitfall
traps, yellow sticky traps and with sweep netting.
Order

Pitfall traps

Yellow-sticky traps

Sweep netting

Total

Chilopoda
Coleoptera
Dictyoptera
Diplopoda
Diptera
Heteroptera
Homoptera
Hymenoptera
Lepidoptera
Neuroptera
Orthoptera
Thysanoptera
Isopoda
Mites
Aranea
Opiliones

6
1,452
1
23
192
4
0
358
0
0
0
0
17
5
44
845

0
576
0
0
7,201
102
911
82
22
197
0
3,458
0
0
32
0

0
138
0
0
199
24
45
17
10
8
7
0
0
10
54
1

6
901
1
23
398
128
956
457
32
203
7
3,458
17
15
140
846
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The total number of individuals that belong to different Families of beneficial insects recorded in the
pitfall and yellow sticky traps and with sweep netting are shown in Table 2. In the pitfall traps, Carabidae
(predatory ground beetles, 466 individuals) were recorded. In yellow sticky traps, the most abundant
were Chrysopidae (predatory insects, 109 individuals), following by Coccinellidae (predatory insects,
ladybirds, 63 individuals), Apidae (pollinators, 26 individuals) and Papilionidae (butterflies, 8 individuals).
As follows, in sweep netting no individuals were recorded.
Table 2. Total number of individuals that belong to different Families of beneficial insects collected in
the pitfall traps, yellow-sticky traps and with sweep netting.

Family

Pitfall traps

Yellow-sticky traps

Sweep netting

Total

Carabidae
Coccinellidae
Syrphidae
Apidae
Papilionidae
Chrysopidae

466
0
0
0
0
0

0
63
7
26
8
109

0
0
0
0
0
0

466
63
7
0
0
109

The total number of individuals that were collected in each Sampling Area (SA) with each of the three
methods are shown in Table 3.
Table 3. Total number of insect taxa recorded in the plots in each sampling area (SA) by each of the
different sampling methods used.
Sampling
areas

Plot numbers
(codes)

Pitfall traps

Yellow sticky
traps

Sweep
netting

Total

SA01
SA02
SA03
SA04
SA05
SA06
SA07
SA08
SA09
SA10
SA11
SA17
SA18
SA24

1, 2, 3, 59
4, 56, 58
10, 11, 51, 52
48
23, 24, 26, 27
67, 68, 69
20
21, 22, 42, 43, 44, 45
29, 33, 34, 54
5, 61
6, 62
7, 8, 49
17
1

10
5
7
3
4
5
3
8
5
4
6
4
6
3

8
7
8
3
6
7
6
9
8
8
8
6
6
6

4
3
7
3
9
4
4
8
5
2
3
5
6
6

22
15
22
9
19
16
13
25
18
14
17
15
18
15
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The total number of insect taxa collected in each SA according to each of the three sampling methods
are shown in Table 4.
Table 4. Total number of insect taxa recorded in all the sampling areas of each Study Area (SA) by each
of the different sampling methods used.
Study areas

Sampling
areas (SAs)

Number
of plots

Pitfall traps

Yellow sticky
traps

Sweep
netting

Total no. of
insect taxa

Vigla

1, 2, 10, 11

11

11

9

5

25

Fakos

3, 4, 17

18

6

8

8

22

Ifestia

5, 6, 18, 24

9

5

8

10

23

Fisini

7, 8

7

8

9

8

25

Metropolis

9

4

9

9

9

27
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3.2. Epigeal insects (pitfall traps data)
Figure 1 shows the percentage (%) of the total number of individuals collected in the pitfall traps in each
Study Area, classified by Order. In Vigla study area, 48% of the individuals belonged to Hymenoptera,
followed by Coleoptera (16%), Opiliones (11%) and Aranea (spiders, predatory beneficials) (11%). In
Fakos, 50% of the individuals belonged to Isopoda, followed by Hymenoptera (25%) and Opiliones
(20%). In Ifestia most of the insects belonged to Coleoptera (72%), followed by Opiliones (16%) and
Hymenoptera (11%). In Fisini, most of the insects belonged to Coleoptera (60%), followed by
Hymenoptera (21%) and Opiliones (7%). In Metropolis, most of the insects belonged to Coleoptera
(83%), followed by Hymenoptera (7%) and Opiliones (5%).

Figure 1. Percentage (%) of the total number of
individuals collected in the pitfall traps in each
study area, classified by Order
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Individuals of the family Carabidae of the order of Coleoptera are predators of other insects. They have
been used as indicators in the monitoring of side-effects of pesticides (Rocha et al. 2010). In pitfall traps,
the most carabids belonged to the genera Calosoma and Amara. In Vigla, the most abundant were the
individuals of the genus Amara (39% of the total number of carabids), followed by individuals of the
genus Calosoma (19%). In Fakos, the most abundant were the individuals of the genus Calosoma
followed by Amara, 59% and 14%, respectively. In Ifestia, the largest percentage of individuals belonged
to the genus Calosoma (81%) and only a very low percentage of Amara species was recorded (4%). In
Fisini, the vast majority were individuals of Calosoma (95%) and only a very low percentage of Amara
species was recorded (5%). However, in Metropolis, the most abundant were individuals of the genus
Amara (71%) followed by individuals of the genus Calosoma (8%).

Figure 2. Percentage (%) of the total number of
carabids collected in the pitfall traps in each study
area, classified by genus
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The members of the family Formicidae (ants) are considered as bioindicators of soil quality and have a
key role in the recovery of degraded areas (Rocha et al. 2010). In Vigla study area, the most abundant
were the individuals of Lasius niger (43%), followed by Lasius flavus (26%), Camponotus vagus (23%) and
Crematogaster sp. (8%). In Fakos, the majority were individuals of Lasius niger (84%), followed by Lasius
flavus (8%) and Camponotus vagus (8%), while no individuals of Crematogaster sp. were recorded. In
Ifestia, the most abundant were the individuals of Lasius flavus (60%), followed by Crematogaster sp.
(20%) and Lasius flavus (20%), while no individuals of Lasius niger were recorded. In Fisini, the vast
majority were individuals of Crematogaster sp. (87%), followed by Lasius niger (13%), whereas no
individuals of Lasius flavus and Camponotus vagus were recorded. In Metropolis, only individuals of
Camponotus vagus (100%) were recorded.

Figure 3. Percentage (%) of the total number of
Formicidae (ants) collected in the pitfall traps in
each study area, classified by genus
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3.3. Flying insects (yellow sticky traps data)
The yellow sticky traps’ data (Figure 4) showed that in Vigla 50% of the individuals belonged to Diptera,
followed by Thysanoptera (28%) and Coleoptera (9%). In Fakos, 59% of the individuals belonged to
Diptera, followed by Neuroptera (34%) and Homoptera (2%). In Ifestia, 50% of the individuals belonged
to Diptera, followed by Thysanoptera (30%) and Homoptera (11%). Similarly, in Fisini, 48% of the
individuals belonged to Diptera, followed by Thysanoptera (30%) and Homoptera (17%). In Metropolis,
most of the insects belonged to Diptera (85%), followed by Thysanoptera (8%) and Heteroptera (3%).

Figure 4. Percentage (%) of the total number of
individuals recorded in the yellow sticky traps in
each study area, classified by Order
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Using yellow sticky traps allowed us to capture adults of several predatory insect families, which are
important for pest control in cereals, such as Coccinellidae, Chrysopidae and Syrphidae (Table 5). In
addition, bees (Apidae, pollinators) and butterflies (i.e. Papilionidae) were recorded.
The number of Coccinellidae was highest in Vigla, with only a reduced number recorded in the other
study areas. Chrysopidae was most numerous in Metropolis, followed by Fisini and Vigla. The number of
Syrphidae was low in all areas, whereas Apidae were mostly present in Vigla. Butteflies were captured
only in the traps placed in Fakos and Vigla.
Table 5. Total number of individuals belonging to insect families of beneficials important for pest control
in cereals (i.e. Coccinellidae, Chrysopidae and Syrphidae), for pollination (bees, Apidae), and butterflies
(Papilionidae), collected in each study area on yellow sticky traps
Study areas

Coccinellidae

Chrysopidae

Syrphidae

Apidae

Butterflies

Vigla

57

35

3

18

3

Fakos

5

8

1

4

4

Ifestia

4

20

2

0

0

Fisini

3

39

0

4

0

Metropolis

8

41

0

4

4
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Butterflies are considered as indicators of the state of biodiversity (Rocha et al. 2010). In Vigla study
area, the butterfly species Euchloe ausonia (67%) and Pieris brassicae (33%) were recorded in the yellow
sticky traps. In Fakos, only Euchloe ausonia was recorded. In Metropolis, the butterflies Pieris brassicae,
Colias crocea and Euchloe ausonia were recorded in almost equal percentages (33%).

Figure 5. Species composition (% of the total
number) of butterflies recorded in the yellow sticky
traps in each study area

Bees are pollinators and they have an important role for the maintenance of biodiversity (Rocha et al.
2010). Bees were recorded in all study areas except for Ifestia. Vigla had the most individuals (18)
followed by Fakos, Fisini and Metropolis (4 individuals in each area).
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3.4. Insects on plants (sweep netting data)
According to sweep netting data (Figure 6), in Vigla study area 62% of the individuals belonged to
Diptera, followed by Aranea (21%) and Hymenoptera (8%). In Fakos, 55% of the individuals belonged to
Diptera, followed by Coleoptera (15%). In Ifestia, 42% of the individuals belonged to Coleoptera,
followed by Diptera (28%) and Aranea (9%). In Fisini, 46% of the individuals belonged to Coleoptera,
followed by Diptera (18%) and Hymenoptera (12%). In Metropolis, most of the insects belonged to
Diptera (63%), followed by Coleoptera (20%) and Homoptera (8%).

Figure 6. Percentage (%) of the total number of
individuals collected with sweep netting in each
study area, classified by Order
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4. DISCUSSION
4.1. Summary of recordings
Recording has shown variations among the Study Areas for the most important insect taxa.
In the pitfall traps, Hymenoptera (mostly ant species) were the most common group recorded in Vigla.
Coleoptera (including predatory species of the Carabidae family) were the most common species in the
other study areas, with their highest percentage (83%) being recorded in Metropolis.
In the yellow sticky traps, Diptera were the most common in all study areas, recording their highest
percentage in Metropolis (85%). The other species that were recorded in significant numbers in the
yellow sticky traps, are mostly insects which damage cereal crops, such as Thysanoptera (thrips),
Heteroptera (true bugs) and Homoptera (leaf hoppers and aphids).
In sweep netting, Diptera were the major group in all study areas, attaining their highest percentage in
Metropolis and in Vigla (63 and 62%, respectively).

Regarding the other major groups of arthropods, Opiliones, a beneficial group of mainly predatory
arthropods, was present at high percentage (20%) in the pitfall traps of Fakos area, followed by Ifestia
(16%); a lower percentage was recorded in Vigla (11%) and a much lower in Fisini and in Metropolis (7%
and 5%, respectively).
The sweep netting data showed that Aranea (spiders, predatory arthropods beneficial for agriculture
and agro-ecosystems) had a much higher representation in Vigla and in Ifestia (21 and 9%, respectively)
in comparison to Fakos (5%) and Metropolis (2%). The differences between the study areas may be
attributed to the soil diversity, the flora variety and other factors.
The number of ladybirds (Coccinellidae) and pollinators was highest in Vigla. In Metropolis, members of
the Chrysopidae family were recorded at highest numbers. Butterflies were not recorded in Ifestia and
in Fisini. Bees were recorded in all areas except for Ifestia.

In conclusion, the insect data for the four plus one study areas of the project, showed significant
variability in the taxa recorded and in their representation in the samples.
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4.2. Impacts of different agro-pastoral practices on beneficial insects and other
arthropods
Differences in insect numbers among the plots of the same study area may be indicative of significant
effects caused by agricultural practices in the arthropod fauna and the agroecosystem sustainability
functions. The main effects recorded through the sampling methods used are described below:
Application of herbicides has a negative impact on beneficial insects, as indicated by the results on
arthropod fauna captured in pitfall and yellow sticky traps in the plots of SA17 and SA2, respectively. In
particular, in SA17 (part of Fakos Study Area) Hymenoptera (ants) and Opiliones were recorded in much
higher numbers in the non-sprayed plot (plot 7) than in the sprayed plot (plot 49), whereas carabids
were recorded only in the non-sprayed plot. Data in the SA2 (part of Vigla Study Area) showed that in
plot 4 (non-sprayed) a higher number of beneficials (Chrysopidae) was recorded in yellow sticky traps
than in plot 56 (sprayed). Data of pitfall and yellow sticky traps supports that there is a reduction in the
number of beneficial insects in sprayed plots, most likely due to lack of food (prey, pollen and nectar).
Insect captures in the plots of SA6 (part of Ifestia Study Area) revealed that in sprayed plots a higher
number of Coleoptera may appear, however members of the family Carabidae were recorded only in
the non-sprayed plots (67 and 68).
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Grazing in mixed cereals with legumes areas has negative impact on beneficial insects as shown by data
of the pitfall traps placed in SA6 (part of Ifestia Study Area). As shown in the figure below, a reduction in
the numbers of Coleoptera, Opiliones and Neuroptera was recorded in the plot of local barley and Vicia
sativa (plot 67) in comparison to the other nearby cereals plots. Likely, the food availability and/or the
habitat suitability of the mix-crop is less suitable for the abovementioned arthropod groups than in the
cereal crops.

Field abandonment and not grazing for many years (>30) causes negative impact on beneficial insects,
as recorded in plot 3 of SA1 (part of Vigla Study Area) where the number of arthropods recorded was
much lower in comparison to the other plots of the same Sampling Area. However, a recently
abandoned plot of phrygana (plot 2) hosts a higher number of arthropods than grazed phrygana (plot 1)
and the field that has been abandoned for many years (plot 3). Likely, variations in the food availability
or the habitat structure caused by the agro-pastoral practices in the different plots may be responsible
for this kind of effects on the arthropod fauna.
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Cereals have positive impact on Coleoptera, as recorded in SA5 (part of Ifestia Study Area). Data of
pitfall traps support that there is higher number of Coleoptera in a grazed cereals plot (plot 26) than in a
grazed herbaceous plot (plot 23). Cereals may provide shelter and food for Coleoptera.

Non-sprayed cereals attracted a higher number of pollinators (Apidae, bees) than the non-cultivated
plot (phrygana) as shown by the results of the yellow sticky traps for the plots 61 and 5, in SA10 (part of
Vigla Study Area).
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