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How does pollution affect insect diversity?
A study on bark beetle entomofauna
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For two successive years, the seasonal occurrence of the scolytid entomofauna was investigated
in two pine forests of Northern Greece that differed with regard to the degree of anthropogenic
disturbances. Bark boring insects were attracted to flight barrier traps which were baited with
ethanol. In total, fifteen different bark boring insect species were collected; twelve of them were
common in both sites. Repeated collection in the second year yielded the same number of spe-
cies. Diversity was estimated according to the Shannon-Wiener Diversity Index (H) and Equita-
bility (J) for the two study sites. Despite the fact that both forests are artificial, the pine forest of
Chrysopigi demonstrated significantly higher values of both parameters compared to the forest
of Kedrinos Hill, indicating higher diversity combined with more even distribution of individuals
of the species observed. Differences in the anthropogenic disturbances, which in the case of Ke-
drinos Hill forest, is the polluted environment of the nearby situated city of Thessaloniki, might
have affected the bark beetle’s entomofauna, accounting for the unequal values.
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INTRODUCTION

Greece is a mountainous country with rugged terrain
that demonstrates a great diversity of geomorpholo-
gical formations, which, in conjunction with its geo-
graphical location and climatic environment, creates
favorable conditions for the growth and proliferation
of forests. Pine forests cover 879,510 hectares in
Greece (Skordilis & Thanos, 1997), with Pinus hale-
pensis, Pinus nigra and Pinus brutia being the most wi-
dely distributed pine species, covering 372,000, 282,000
and 196,000 hectares respectively. Additionally, it
should be mentioned that pine forests in Greece are
found in Mediterranean-type climatic conditions,
where most rain falls in the cold period between Oc-
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tober and March while during the summer months
July and August rainfall is very rare (Arabatzis, 1998).
Taking into account the extent of pine forests in con-
cert with the undisputable ecological as well as eco-
nomical value, it can be easily deducted that pine trees
constitute a component of major significance for the
ecosystems in Greece.

Bark boring beetles of the subfamily of Scolytinae
are among the most economically important pests of
the world’s forests (Rudinsky, 1962; Wood 1982), or
as it has even more vividly been stated, this group re-
presents, “one of the most formidable groups of en-
dophytic parasites known to mankind” (Seybold et
al., 2006). Despite their minute size (Wood, 1982;
Pfeffer 1995; Knizek & Beaver, 2004), when popula-
tion density of bark beetles exceeds a specific thresh-
old (Raffa et al., 2008) they can cause extensive da-
mage to forests (Gregoire & Evans, 2004; Wermelin-
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ger, 2004) as it has already been demonstrated in se-
veral historical reports (Schwerdtfeger, 1973; Schwen-
ke 1974). In order to successtully overcome host tree’s
defenses, bark beetles have developed several strate-
gies, such as the use of aggregation pheromones that
enables them to attack trees en masse (Byers, 2004),
or even the mutualistic association with blue stain
tungi of the Ophiostoma family (Kirisits, 2004).

In Greece, several different species of bark bee-
tles have been reported over the years (Kailidis, 1985;
Avtzis & Avtzis, 1999; Avtzis et al., 2006), but no stu-
dy until now has tried to thoroughly investigate the
composition and diversity of bark beetles communi-
ties under different environmental conditions. Here
we provide an in-depth investigation of the species
composition and diversity of bark beetle communities
in two different pine forests of Northern Greece. De-
spite the fact that in both forest areas, Pinus brutia is
the dominant pine tree species, the management re-
gime and the environmental conditions differ greatly.
It was thus our aim to compare the diversity indices
of these pine forests, in an effort to evaluate the ef-
fect of different environmental conditions on species
composition and abundance.

MATERIALS AND METHODS

In the present study, the bark beetle communities of
two different pine forests of Northern Greece were
studied for two successive years, 2000 and 2001 (Fig.
1A). These two pine forests, namely Kedrinos Hill (N
40° 38'51", E 22° 58'25", altitude 150 m. above sea
level) and Chrysopigi (N 41° 08'53", E 23° 33'03", al-
titude 300 meters above sea level), shared some simi-
lar features: they are both the outcome of reforestation
(in the mid 1960’s), whereas they also demonstrate a
close tree species composition, with Pinus brutia Ten.
being the dominant species accompanied by small
numbers of Quercus coccifera L. and Cupressus sem-
pervirens L. The distance between these two areas is
more than 100 kilometers (almost 80 km), whereas
several mountains (Mavrovouni, Vertiskos and Ker-
dilio) and the river Strymonas together with Lake Ker-
kini pose physical impediments in the movement of
living organisms.

In order to study the diversity of bark beetle com-
munities, in each area, four (4) Theyson ® traps (Fig.
1B) placed in a square pattern (with a side of 100 me-
ters) and hung on pine trees about 1.30 meters above
ground, were used. These traps were baited with cot-
ton soaked with 75% pure ethanol (EtOH), since it is

widely accepted that ethanol is the prime component
of host volatiles that attracts bark beetles on host
trees (Klimetzek et al., 1986; Shroeder, 1988; Marka-
las & Kalapanida, 1997; Byers, 2004).

The study period began on the 15" of March and
lasted up to the 30" of November for both years. The
observation and collection of individuals captured in
the traps was done every 10 days, and the samples
were taken to the laboratory of the Forest Research
Institute where they were identified according to the
taxonomic keys of Schwenke (1974), Gruenne (1977)
and Pfeffer (1995).

For the estimation of diversity the index of Shan-
non-Weiner H’ (Shannon 1948, Zar 1999), was used:
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where s: the number of species (also mentioned as
species richness), and

p;: the relative abundance of each species, calcu-
lated as the proportion of individuals of a given spe-
cies to the total number of individuals in the commu-
nity.

Furthermore, Equitability or Evenness J was cal-
culated as the ratio of H to H,_, , with H_ being the
theoretical maximum that maximizes diversity,
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RESULTS

Number and relative abundance of each species

In Kedrinos Hill Pinus brutia forest a total number of
3,276 and 8,079 individuals were captured in 2000
and 2001 respectively (Table 1). These individuals be-
long to 14 different species of Scolytinae, and as it is
obvious from Table 2, two species were the most a-
bundant ones, namely Orthotomicus erosus and Hylur-
gus ligniperda that accounted for 41.81% and 31.11%
of the total number of individuals captured during the
two year survey on Kedrinos Hill. The species, Hylur-
gus micklitzi was the third most frequently caught spe-
cies with a relative abundance of 13.80% (Table 2).
The number of individuals captured in the traps
of Chrysopigi pine forest was lower, with 2,598 and
2,791 individuals in 2000 and 2001 respectively (Table
1). Interestingly, 11 out of the 13 different species
found in the traps of Chrysopigi forest were identical
to the species collected in Kedrinos Hill forest (84.6%
identical species); only Hylastes cunicularius and Try-
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FIG. 1. A. Map showing the two study areas. B. Theyson® traps used for the attraction and collection of bark beetles.
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TABLE 1. Cumulative number of species and individuals per species trapped in two pine forests of Northern Greece during
two successive years

Insects species Kedrinos Hill Chrysopigi
2000 2001 2000 2001
Tomicus piniperda Linnaeus 82 781 242 284
Carphoborus marani Pfeffer 169 27 169 236
Crypturgus cinereus Herbst 3 0 213 664
Crypturgus hispidulus Thomson —* —* 158 143
Hylastes ater Paykull 5 3 134 115
Hylastes augustatus Herbst 132 63 123 83
Hylastes cunicularius Erichson 2 0 —* —*
Hylurgus ligniperda Fabricius 1,174 3,574 491 459
Hylurgus micklitzi Wachtl 162 1,405 251 267
Orthotomicus erosus Wollaston 1,396 2,136 506 386
Pityogenes calcaratus Eichhoff 2 33 36 8
Pityogenes trepanatus Nordlinger 9 8 50 11
Pityophthorus micrographus Linnaeus 42 1 131 76
Trypodedron lineatum Olivier 76 40 —* —*
Xyleborus eurygraphus Ratzeburg 22 8 94 59
Total 3,276 8,079 2,598 2,791

* Not recorded

TABLE 2. Shannon-Wiener Diversity Index (H) and Equitability (J) for the cumulative number of Scolytinae species and in-
dividuals per species collected from Kedrinos Hill forest during 2000 and 2001 (p; : relative abundance of each species)

Species 2000 2001 Total p; p; *In (p,)
1 Tomicus piniperda Linnaeus 82 781 863 0.0760 0.1959
2 Carphoborus marani Pfeffer 169 27 196 0.0173 0.0701
3 Crypturgus cinereus Herbst 3 0 3 0.0003 0.0022
4 Hylastes ater Paykull 5 3 8 0.0007 0.0051
5 Hylastes augustatus Herbst 132 63 195 0.0172 0.0698
6 Hylastes cunicularius Erichson 2 0 2 0.0002 0.0015
7 Hylurgus ligniperda Fabricius 1,174 3,574 4,748 0.4181 0.3646
8  Hylurgus micklitzi Wachtl 162 1,405 1,567 0.1380 0.2733
9 Orthotomicus erosus Wollaston 1,396 2,136 3,532 0.3111 0.3632
10  Pityogenes calcaratus Eichhoff 2 33 35 0.0031 0.0178
11  Pityogenes trepanatus Nordlinger 9 8 17 0.0015 0.0097
12 Pityophthorus micrographus Linnacus 42 1 43 0.0038 0.0211
13 Trypodedron lineatum Olivier 76 40 116 0.0102 0.0468
14 Xyleborus eurygraphus Ratzeburg 22 8 30 0.0026 0.0157

Total 3,276 8,079 11,355

H 1.4569

J 0.5520
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TABLE 3. Shannon-Wiener Diversity Index (H) and Equitability (J) for the cumulative number of Scolytinae species and in-
dividuals per species collected from Chrysopigi forest during 2000 and 2001 (p, : relative abundance of each species)

Species 2000 2001 Total p; p; *In (p,)
1 Tomicus piniperda Linnaeus 242 284 526 0.0976 0.2271
2 Carphoborus marani Pfeffer 169 236 405 0.0752 0.1945
3 Crypturgus cinereus Herbst 213 664 877 0.1627 0.2955
4 Crypturgus hispidulus Thomson 158 143 301 0.0559 0.1611
5 Hylastes ater Paykull 134 115 249 0.0462 0.1421
6 Hylastes augustatus Herbst 123 83 206 0.0382 0.1248
7 Hylurgus ligniperda Fabricius 491 459 950 0.1763 0.3060
8 Hylurgus micklitzi Wachtl 251 267 518 0.0961 0.2251
9 Orthotomicus erosus Wollaston 506 386 892 0.1655 0.2977
10  Pityogenes calcaratus Eichhoff 36 8 44 0.0082 0.0393
11  Pityogenes trepanatus Nordlinger 50 11 61 0.0113 0.0507
12 Pityophthorus micrographus Linnaeus 131 76 207 0.0384 0.1252
13 Xyleborus eurygraphus Ratzeburg 94 59 153 0.0284 0.1011

Total 2,598 2,791 5,389

H 2.2902

J 0.8929

podendron lineatum were absent from the bark beetle
complex of this forest. The same species, as in Kedri-
nos Hill forest, namely O. erosus and H. ligniperda were
the most frequent ones in both years, with a relative
frequency of 17.63% and 16.55% respectively. How-
ever, this time, the third most abundant species was
Crypturgus cinereus with 16.23% (Table 3).

Shannon-Weiner Diversity Index (H') and
Equitability (J)

The Shannon-Weiner Diversity Index was calculated
for each pine forest using the total number of indivi-

Shannon-Weiner Diversity Index (H')

2.501

2001

1.4569

0.00

[ Kedrinos Hill [ Chrysopigi

duals and species collected during the two-year period
of the study (Tables 2, 3). This approach permitted
elimination of annual variations that could bias the
holistic overview of biodiversity and additionally yield-
ed comparable results with similar studies in which
the same approach was adopted (Coyle et al., 2005).
Despite the fact that, the number of bark beetle
species (14) as well as the total number of individuals
(11,355) captured in Kedrinos Hill forest was higher
in comparison with the number of species (13) and the
total number of individuals (5,389) that were found in
Chrysopigi forest, the Shannon-Weiner Diversity In-

Shannon-Weiner Equitability Index (J)

0.5520

[ Kedrinos Hill [ Chrysopigi

FIG. 2. Bar diagrams of Shannon-Wiener Diversity Index (H) (A) and Equitability (J) (B) for the two pine forests, from the
cumulative data of the traps in the two-year study period (2000 and 2001).
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dex was higher for the Pinus brutia forest of Chrysopi-
gi (H' =2.2902) compared to the value calculated for
the Pinus brutia forest of Kedrinos Hill (H' = 1.4569).
The Equitability or Evenness parameter (J) demon-
strated a similar pattern, with the Kedrinos Hill forest
achieving a lower value (J =0.5520) compared to Chry-
sopigi forest (J =0.8929) (Fig. 2).

DISCUSSION

Despite the fact that both pine forests studied were
mainly composed of Pinus brutia planted during 1950-
1960, our analyses showed that the two forests differ
regarding biodiversity of bark beetles community.
The Shannon-Weiner Diversity Index (H") in concert
with the Equitability Index (J) showed that the pine
forest of Chrysopigi, despite the lower number of
trapped individuals, demonstrated higher biodiversi-
ty (H' =2.2902), and at the same time much more
even distribution of individuals among species (J =
0.8929). On the other hand, in spite of the fact that in
Kedrinos Hill forest a slightly greater number of spe-
cies was observed and that the cumulative number of
trapped individuals during the study period was al-
most twofold compared to that of Chrysopigi forest,
diversity was much lower, whereas individuals were
less evenly distributed among species.

The uneven distribution of individuals in the ob-
served species of Kedrinos Hill forest becomes more
evident, taking into account the fact that more than
85% of the number of individuals captured during
the study period belong to the three most dominant
species, namely O. erosus, H. ligniperda and H. mickli-
tzi. The remaining eleven species observed, accounted
for less than 15% of the total number of individuals
caught, something that explains the low values of the
indices calculated. On the other hand, the three most
frequently trapped species in Chrysopigi forest, O.
erosus, H. ligniperda and C. cinereus accounted for no
more than 50% of the cumulative number of individ-
uals caught in all traps during the study period, some-
thing that allowed the remaining ten species observed
to contribute more evenly to biodiversity.

Biodiversity and species richness have often been
considered to be sensitive indicators of anthropoge-
nic, environment disturbances (Freedman, 1989). One
of the most severe and radical disturbances, pollu-
tion, has commonly been associated with decreases in
diversity of various organisms (Winner & Bewley,
1978; Newman et al., 1992). Therefore, environmen-
tal degradation and pollution are often assessed with

the use of diversity indices (Rapport et al., 1985; Ma-
gurran, 1988). On the other hand, insect communities
have long been considered to be good indicators of
changes in ecosystems, since they are not only closely
associated to the plants (Mattson, 1980; Rosenthal &
Berenbaum, 1992; Mopper & Simberloff, 1995; Jeffe-
ries & Maron, 1997) but also play a crucial role in the
operation of the ecosystem (Jefferies & Maron, 1997,
Ritchie et al., 1998; Reynolds & Hunter, 2001).

Taking into account previous works on biodiversi-
ty of insect communities (Oliver & Mannion, 2001;
Coyle et al., 2005), in concert with the effects that en-
vironmental pollution can have (Kozlov & Zvereva,
1997; Eatouhhg Jones & Paine, 2006), it can be hypo-
thesized that the differences of the Shannon-Weiner
Diversity (H') and Equitability Index (J) between the
two Pinus brutia forests of Northern Greece, are like-
ly attributable to environmental degradation. Kedri-
nos Hill forest, is the sub-urban forest of Thessaloni-
ki which, according to measurements of pollution, “is
classified in the medium air pollution class (with sta-
bilization temporal trend) based on NO, concentra-
tions, in the high air pollution class (with decreasing
temporal trend) based on particle values and in the
low air pollution class (with decreasing temporal
trend) based on SO, levels” (Nikolaou, 2003). It can
therefore be postulated that air pollution of the urban
area of Thessaloniki might have affected the diversi-
ty of bark beetle communities in Kedrinos Hill con-
tributing to the low values of Shannon-Weiner Diver-
sity (H') and Equitability Index (J). On the other hand,
Chrysopigi forest, being distant from any major sour-
ce of pollution, such as overcrowded and/or industri-
alized cities, exhibits significantly higher values of
both indices calculated. The stability of the ecosystem
of Chrysopigi forest is additionally demonstrated by
the almost even distribution of individuals in the spe-
cies observed (J =0.8929) compared to the less even
(J =0.5520) distribution of Kedrinos Hill.

The results presented in this study, demonstrate a
difference between bark beetle diversity indices in
two pine forests, despite the fact that the dominant
tree species in both cases is the same (Pinus brutia).
This difference of diversity indices was attributed to
the aerial pollution of the city of Thessaloniki that lies
near the Kedrinos Hill forest. However, further stud-
ies are required in order to clarify the extent as well
as the exact procedure through which pollution affects
the biodiversity of bark beetle communities.
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