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ABSTRACT

Markova, E., Koytcheva, E. (1997). Structure of the communities of arthropods, inhabitants of
the heraceous layer in anthropogenetically polluted ecosystems. Ekol. Zast. Zivot. Sred., Vol. 5, No.
1, Skopje.

The structure of the communities of arthropods, inhabitants of the herbaceous layer in
anthropogenetically polluted ecosystems was investigated. The seasonal dynamics of the following
numerical parameters that describe the structural state of the communities was studied - population
density of the different arthropod groups, numerical similarity, total mean number and degree of
dominance

Key words: arthropods, density, numerical similarity, degree of dominance

N3BOJ

Mapxkosa, E., Kojuesa, E. (1997). CtpykTypa Ha apTpONOJHHUTE 3a€AHUIN BO TPEBECTHOT KaT
BO 3araJicHu ekocucteMu ojf yoBekoT Exkoir. 3amr. XKusot. Cpen., Tom 5, Bp. 1. Ckomje.

Bermre ncrmryBaHa cTpyKTypaTa Ha 3a€AHUIMTE HA apTPOIIOJHM BO TPEBECTHOT KaT BO 3araJieHu
€KOCUCTEMH 0J1 YOBEeKOT, belle ncnnryBana ce3oHcKkara JMHaAMUKa Ha HYMEPHUUYKHU IIapaMeTpH IITO ja
OMNUILYBAaaT Ha CTPYKTypaTa Ha 3aeJHHULUTE Kako IITO Ce. I'yCTUHA Ha IOIlyJialyja Ha Pa3iInyHU
TPyNH Ha apTPOIOIH, HyMEpHUKa CIMYHOCT, CpeIHA BPEIHOCT, CTENICH Ha JOMUHAHTHOCT.

K.]Iy‘ll-ll/l 360p0Bl/I: apTpoIioJaun, rycCtuHa, HyMepuika CJIMYHOCT, CTCIICH HAa JOMUHAHTHOCT

Exos1. 3amr. XXusor. Cpen., 5,1 (1998)

INTRODUCTION

The arthropods inhabitants of the herbaceous ergy practically at every level of trophic chains and
layer are a significant component of every biocenosis. in every type of trophic chains.
They include representatives from the main levels of The pollution of air, soil and water causes a
the trophic chain - phitophags, predators, parasites destruction of the normal functioning of the
and saprophags, the latter being bioreductors. Thus, arthropod populations which leads to very serious
the arthropods participate in the transformation of consequences for the ecosystems as a whole (Karaes
substances and en- et al. 1983).
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In the foreign literature there is a lot
information on the dynamics of the population
of a different arthropod groups (mainly insects)
influenced by different types of industrial pollu-
tion (Dunger et al. 1974; Strojan 1978; Lesniak
1979). However, the comparative analysis of the
information is difficult because they reflect the
influence of different industrial complexes
whose products are different in quantity and
quality.

The present study is a part of a complex
task aiming at revealing of the influence of the
environmental pollution on the structure and

functioning of zoocoenoses. The investigation
was carried out in the region of the town
Etropole - where the anthropogenic pollution is
at a considerable level. There are two main
sources of pollution - mine Elatzite and the
Copper Plant situated near Pirdop and Zlatitza
whose emissions reach Etropole by air.

The preliminary studies in the region
showed high natural radioactive background
(Dimitrova et al. 1966) and concentration of
some of heavy metals (Markova et al. unpub-
lished) measured in the biological samples col-
lected from all experimental sites.

MATERIAL AND METHODS

The study was carried out within the
period from August 1993 to June 1994
(included). The samples were collected on 26
and 27.08, 13 and 14.10.1994, and 14-17
06.1994.

Five sites were studied. They were
situated by Pravetz, village Lunga, village
Yamna, in the locality Bash Samokov, and the
locality Kashana. The site near Pravetz was
chosen as a control site because it was not
within the region around Etropole and was
geographically isolated from the influence of the
pollution sources.

The experimental sites were chosen on the
basis of maximal similarity in the herbaceous
plant associations. They were parts from
mezoxerothermic ecosystems that had been used
as a hay meadows and pastures. The grass
species Chrysopogon gryllus L. and Agrostis
capilaris L. prevailed.

The material was collected using the
method of "mowing" whit a standard entomolo-

gical sack with diameter d= 0.30 m. From every
experimental site ten samples were collected.
Every sample is based on 100 mowing with
average length - 1 m.

The samples were collected in dry and
calm weather and, as much as possible, in one
the same part of the day.

The population density of the different
arthropod groups was measured according to the
method of I'mmpos (1974), and the total number
of individuals - following the general variation-
statistical methods. The numerical strength of
the different arthropod groups was compared
using the Jaccard-Naumov's index (Yepuos
1975). The dominant structure was described
according to the classification of Arzamasov et
al. (after Xormko et al. 1982). The similarity
between the different dominant complexes was
assessed on the basis of Jaccard's index.

RESULTS AND DISCUSSION

During the study, totally 150 samples
were processed - 50 from every season. The
total number of identified individuals was
30634.

Taxonomic characteristics of the
studied material

The collected material allowed a correct
analysis of the systematic groups at the order'
level. The taxa represented by a low number of
individuals of these which were rare were not

taken into consideration for the ecological
analysis.

Among the insects the representatives
from the order Homoptera predominated. These
were the typical phitophags - mainly cicadas
Auchenorhyncha and plant lice Aphidodea. High
number of individuals from Diptera and
Coleoptera groups. The highest number of
individuals from Diptera went to the phitophags
form Chloropidae, some saprophags families -
Anthomyidae, Muscidae, Chironomidae and
Phoridae, as well as to the predators -

Ekol. Zagt. Zivot. Sred.., 5, 1 (1998)
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Emphididae and Dolichopodidae. From the
Coleoptera group prevailed the representatives
of the phitophag families Chrysomelidae and
Curcolionidae. From the Hymenoptera parasites
predominated the representatives of the
subfamilies Chalcidoidea and Ichneumonoidea
By comparatively high number of individuals
were characterized also the orders Heteroptera
and Thysanoptera including mainly phitophags
and to a lower extent - predators.

Number of individuals in the different
arthropods groups

The number of individuals in the
arthropod groups exhibited considerable
differences in the experimental sites and during
the seasons. The data are presented on la and in
tables 1,2,3.

Tab. 1 Numbers (number ind.a™) of the established groups of arthropods in the investigated
grass ecosystems in the spring. Ta6. 1 Bpoj (6poj mum.ca™) Ha yTBpmeHmTe rpymu

apTpoNoy BO HCTpPaKyBaHWUTE
TpEeBECTH €KOCHCTEMH Ha MPOJIET.

Groups of Control Area Experimental Areas
Arthropods
Tpynu KonTposda ExcnepuMeHTanHa NOBPUIMHA
apTpoONoan NOBPUTHHRA
Lunga Yamna Bash Samokov Kashana

Aranei 53%7 142 1945 125 642
Orthoptera 337 14+3 5+2 179£36 207
Homoptera 16202168 734+44 734+83 357468 825208
Heteroptera 265+16 34+5 82421 91 11x2
Thysanoptera 327476 1643 31070 2645 7+3
Coleoptera 1098 7013 8315 3614 279
Neuroptera 38+8 - 341 - 27%11
Hymenoptera 163£24 36+19 2021438 407 175
Diptera 30725 62x18 346144 18837 17776
Lepidoptera 60+6 6116 48£10 71 0+2

Tab, 2 Numbers (number ind.a™) of the established groups of arthropods in the investigated

grass ecosystems in the summer

Ta6. 2 Bpoj (6poj uHm.ca™) Ha YTBpACHNUTE IPYIIN apTPONOIN BO HCTPAXKYBAHHUTE TPEBECTH

€CKOCHCTEMH Ha JICTO.

Groups of Control Area Experimental Areas
Arthropods
I'pynn KonTponua ExcrrepuMenTansa noBpiiHHa
 apTpofiogd NOBPIMUHA e e
Lunga Yamna Bash Samokov Kashana
Aranei 25%6 115 33£8 73 5112
Orthoptera 50%13 8+2 1545 1544 3548
Homoptera 75419 3% 291 63%3 125431
Heteroptera 2846 29+6 23x8 67+ 123220
Thysanoptera 1+] 3] 2%] - 231x75
Coleoptera 578+139 94 126+41 267 33%8
Neuroptera 1+] - - - -
Hymenoptera 35+19 1143 67122 1+3 2826
Diptera 9+3 5%2 2919 %6+24 532£135
Lepidoptera 6x] {0 3zl {£{ 1645

Exosn. 3am, XXusor Cpex., 5,1 (1998)
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Tab. 3 Numbers (number ind.a™) of the established groups of arthropods in the investigated
grass ecosystems in the autumn Ta6. 3 Bpoj (6poj HHm.ca’) Ha yTBpAGHHTE TIpyIH

apTPONOAN BO HCTPaKyBaHUTE
TPEBECTH €KOCUCTEMH Ha ECEH.

Groups of Control Area Experimental Areas
Arthropods
{pynn Koutponua ExcnepumerTania noRpLIHA
APTPONCHEH IOBpLLKEHA
Lunga Yamna Bash Samockov Kashana

Aranel 18+4 12+4 7£2 312 17x4
Orthoptera 28+6 9+3 6x2 17+3 4+1
Homoptera 3411 22x12 18+6 812 2216
Heteroptera 342 3+1 2+1 2+0 18+£5
Thysanoptera £ 2+1] - 1] O+4
Coleoptera 135+35 8127 67+14 2016 5+2
Neuropiera - - - - -
Hymenoptera 10£2 72 13£7 2+] 7£2
Dipiera 14£4 10544 12+4 18+9 1343
Lepidoptera 5£2 3x1 1£1 1x1 843

The analyses of the data for the order
Aranei showed a general tendency towards sta-
tistically reliable decrease in the number of spiders
during the tree seasons in almost every ex-
perimental site compared to the control site. This
tendency was very strongly expressed in the
experimental sites in the localities Bash
Samokov and Kashana. Supposedly, the limiting
factor for the development of spiders in the an-
thropogenetically polluted areas was the accu-
mulation in the biotops of toxic atmospheric of
water waste substances. The experimental site in
the locality Bash Samokov was immediately
under the mine Elatzite. For the experimental site
in the locality Kashana which was situated above
the same mine we had a confirmed reason to
consider that it was a subjected most strongly to
atmospheric pollution as a result of the emissions
of the Copper Plant which is in the immediate
vicinity of Etropole. On the other hand, (bearing in
mind that the spiders are predators), it was highly
possible that the pollution led to changes in the
environmental situation - the food resources getting
poorer as a result of decrease in the species
diversity and total abundance of the invertebrates
(I0Tepubepr 1989). The data obtained by us
coincided with these of some other authors
(Karaes et al. 1983) who had also established a
decrease in number of spiders near industrially
polluted areas.

The pictures revealed through the study of
the arthropods from the class Insecta was differ-
ent. The number of individuals in the different

orders during the tree seasons varied to a higher
degree. This fact could be explained with the
higher species diversity in the class itself. The
lower taxa could not only vary considerably in
morphology, anatomy, physiology and biological
development but also could occupy different places
in the trophic pyramid and obey to the influence of
different ecological factors.

The changes in the number of individuals in
the orders Orthoptera and Coleoptera were similar. It
was possible that the impact of the anthropocenic
pollution on these two insect groups to be one and
the same bearing in mind that our sample
collections the orders Coleoptera and Orthoptera
participated mainly with phitophags. During the tree
seasons the number of individuals in both orders
was statistically lower in the experimental sites
compared to the control site. There was only one
exception in the order Orthoptera.

Similar was the picture for the orders of
Homoptera and Hymenoptera. The number of
arthropods in the experimental sites compared to the
control site was lower' during the three seasons. A
clear statistically reliable decrease in the number of
individuals in the order Homoptera was found in the
experimental site in the locality Bash Samokov
during the summer and autumn, and in the
experimental site by villages Luga and Yamna
during the summer. In the order Hymenoptera the
decrease in the number of individuals compared to
the control site was statistically high during the
spring in the experi-

Ekol. Zast. Zivot. Sred, 5, 1 (1998)
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mental by the village Luga, and localities Bash
Samokov and Kashna, and in the autumn - in the
site in the locality Bash Samokov. Worth em-
phasising was higher' number of individuals in
the order Hymenoptera during the three seasons
in the experimental site near the village Yamna,
but only the increase in spring was statistically
reliable. According to some authors (Karaer et
al. 1983) some of the hymenopterans increase
their number in polluted areas.

For the rest of the orders from the class In-
secta it was difficult any regularities in the dyna-
mics of the number of individuals to be established.

Some insect groups - phytophags, which
because of their physiological and ecological
characteristics were mote pollution resistant, can
show increase in their number in polluted areas.
Such was the case with the representatives of the
orders Diptera, Heteroptera, Thysanoptera and
Lepidoptera. The population density in these
groups was higher in all experimental sites com-
pared to the control site. Our data coincided
again with these established by some other
authors (Kataev et al. 1983; Charles & Ville-
mant 1977; Sierpinski 1970, 1972). The authors
had found an increase in the number of
individuals of Diptera and some Heteroptera and
Lepidoptera groups in industrially polluted
areas. The increase number, particularly for the
order Diptera, in the experimental sites com-
pared to the control was probably to the exis-
tence of every-day wastes, rotting organic mate-
rial, disturbed light regime, etc., which create
favorable conditions for the development of
synanthrop species.

The similarity in number of individuals of
the different arthropod groups in the experi-
mental sites, calculated through the Jaccard-
Naumov's index exhibited differences during the
three seasons. In spring, the similarity index
reached its highest value - within the limits of 17
- 69 %, in the summer it showed the lowest
value - 7-30 %, and in autumn it occupied the
average place - 25-55 %. During the three sea-
sons the highest similarity degree, compared to
the control, was found in the experimental site
by village Yamna. The lowest similarity during
the spring and summer was found between the
complexes in the experimental sites by the vil-
lage Luga and in the locality Kashna, and in
autumn - between the complexes in the experi-
mental sites by the village Luga and locality
Bash Samokov.

The total mean number of individuals in
the arthropod communities in the different ex-

Exos. 3amr. XXusor. Cpen., 5,1 (1998)

perimental sites also showed some differences.
The data for the number of individuals on la™
are presented on Fig.. 1. A clear seasonal dy-
namics could be established. In spring, the den-
sity varied from 501+99 to 23774228 ind.-a", in
summer the density was between 80+20 and
11744245 ind.-a™, and in autumn is showed the
lowest value - between 71£13 and 247453 ind.-
a"'. The differences observed were completely
explainable with the climatic factors during the
different seasons, especially temperature and
humidity, which play a determining role in the
development of the inhabitants of the herbaceous
associations.

During the seasons, excluding the sum-
mer, the highest mean density of arthropod
populations was measured in the control site. In
spring, the population density in the control site
was 4.7 times higher than this in the experi-
mental site by the village Luga (P = 0.999), 2.7
times higher then this in the site in the locality
Bash Samokov (P = 0.999), and 2.1 times higher
than this in the site in the locality Kashana (P
=0.99). Only the difference between the density
of the control site and the experimental site by
the village Yamna was insignificant from a sta-
tistical point of view.

In summer, the highest total number of
arthropod was found in the experimental site in
the locality Kashana, but the difference from the
control site was not statistically reliable. In this
season as well, the lowest total number of
arthropod was found in the experimental site by
village Luga. The density of arthropod popula-
tion in the experimental site in the locality
Kashana was 14.7 times higher than this in the
site by Luga (P = 0.999), 5.2 times higher than
this in the site in the locality Bash Samokov (P =
0.999), and 3.5 times higher than this in the site
by village Yamna (P = 0.99).

In autumn, as it was in spring the highest
total mean density exhibited the arthropod
communities in the control site. This density was
3.5 times higher than density in the experimental
site in the locality Bash Samokov (P = 0.99) and
2.4 times higher than this found in the site in the
locality Kashana (P = 0.95). The difference
between the density the control site and this in
the rest experimental site were not statistically
proved. During this season in contrast to the
other seasons, a comparatively high density was
found in the experimental site by the village
Luga, which was due mainly to the number of
individuals in the orders Diptera and Coleoptera.
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Bearing in the mind the data for the total
mean density of the arthropod communities in
the studied experimental site we could conclude
that the state of the ecosystem by village Luga,
compared to the rest experimental site, was less
favorable for' the numerical contribution of the
atmobiont arthropods. Close to this situation was
the ecosystem in the locality Bash Samokov in

which the value the total mean density was also
several times lowers than this found the control
site. Vice versa, the results showed that the
ecological conditions in the ecosystems in the
locality Kashana were comparatively most
favorable for the development of the arthropod
inhabitants of the herbaceous layer a whole.
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Fig. 1 Total numbers (number ind.a™) of the arthropods in the investigated grass ecosystems
(1 to 5) during the seasons (1 - Control, 2 - Luga, 3 - Yamna, 4 - Bash Samokov,
5 - Kashana; A - autumn, B - summer, C - spring)

Cn. 1 Brynesn 6poj (6poj HHa.ca™) apTporom BO HCTPayBaHHTE TPEBECTE GKOCHCTEMH
(1-5) Bo Tekot Ha ce3onute (1 - Kontpomna, 2 - JIyra, 3 - Jamua, 4 - bam CamokoB,
5 - Karmmrana; A - eceH, B - neto, C - niposer)

Dominant structure

The differences in the numerical relation-
ships between the different arthropod groups
reflected on the dominant structure of the
arthropod communities.

In spring, the order Homoptera was
dominant in number. Its relative degree of sig-
nificance was considerably high - 45.7 %, In
summer, there were two orders dominant in
number of individuals - Coleoptera (29.5 % out
of all individuals) and Diptera (25.6 % out of all
individuals). In autumn, dominant in number of
the individuals was only the order Coleoptera -
38.8 % degree of dominance.

In the experimental sites the degree of
dominance in the different arthropod groups
varied considerable during the seasons. In
spring, the similarity of dominant between the
arthropod complexes in the experimental sites
was between 50 and 100%. The reason for this
was the fact that more of the experimental sites
the dominant arthropod group consisted of
homopteras.

In summer, when the species diversity
reached its highest rate, the dominant groups
showed higher variation degree, the similarity
was between 0 and 100 %. In most of the cases
no similarity in the dominant complexes was
established. Dominating in one or another

Ekol. Zat. Zivot. Sred., 5, 1 (1998)
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experimental site were the orders Homoptera,
Heteroptera, Coleoptera or Diptera.

In autumn, the dominant groups in the ex-
perimental sites consisted of representatives from the
orders Coleoptera and Diptera, The similarity in
dominants in the experimental sites was between 0
and 100 %. The arthropod complex in the
experimental site in the locality Ka-shana was
completely different from the others (the similarity in
dominants with the other complexes was 0 %; no
dominant arthropod group was established).

When investigation on such problems as
stated above are carried out, it should be taken into
consideration that the changes in the numerical
parameters of such big taxa as orders are

not always were representatives because of the high
species diversity of these arthropod groups It is
possible, when material is processed at a lower
taxonomic level certain fluctuations from the
established tendencies to appear. Nevertheless, such
studies provide the possibility for unambiguous
conclusions that the different tech-nogenic emissions
caused by man's activities can lead to significant
changes in the structure of the communities of
atmobiont arthropods from different trophic levels.
The changes in the composition and number of the
individuals of the different taxa are determined to a
great extent by the strength and character of the
pollution.
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CTPYKTYPA HA APTPOIIOAHUTE 3AEJHULN BO TPEBECTUOT KAT BO
3AT'AJIEH1 EKOCUCTEMHU Ol HOBEKOT

Emumja MAPKOBA u Ennia KOJUEBA

Katespa 3a ekosioruja u 3aliThTa Ha )XMBOTHATA CPE/IMHA,
buonomiku dakynrer, Yausepsuter Bo Coduja
Byn. "J1. llankos" 8, 1421 Coduja

PE3UME

bemre ucnuryBaHa CTpyKTypaTa Ha 3a€AHMLMTE HA apTPOIOAM BO TPEBECTUOT KAaT Ha 3araJieHu
€KOCHCTEMH OJf YOBEKOT. AHAJMU3WTE Ha TIOBEKETO apTPOMOJHU TPyHH MOKakaa CTATUCTUYKU
3HaYajHO HaMadyBame¢ Ha OpOjOT Ha apTPONOIM 3a BpEME HAa TPUTE CE30HH CKOpO Kaj CHTE
EKCTIEpIMEHTAITHH TPYIIN CIIOPEICHO CO KOHTPOIIHATA TPYIIA..

Hexom rtpynmm Ha wuHCeKTH - ¢uTodard, Mopaaun CBOUTE (UIHOIOMIKA ¥ EKOJOIIKA
KapaKTEPUCTHKK Oea MOoBeKe OTIMOPHH Ha 3arallyBame M MOKa)kaa 3roJieMyBale Ha HUBHHOT Opoj BO
3araJicHuTe 00JIacTH.,

Pasnukure BO OpojHOCTA MOMeEry pasIUYHH TpyNH HAa apTPONOJH Cce Ofpa3yBa Bp3
JIOMHUHAHTHATa CTPYKTYpa Ha apTPOIOIHUTE 3aCTHHIIH.

Pe3yaraToT o1 MCTpakyBameTo MOKaXka JieKa cocToj0ara Ha €KOCHCTEMOT Kaj cenorto Jlyra,
CTIOPEZICHO CO OCTAHATUTE EKCIEPHUMEHTANHH TPYIH, Oellle MOMaNKy IOrojieHa 3a OPOjHOTO yYECTBO
Ha apTPOIOJIUTEe BO TpeBecTHOT KaT. CO npyru 300pOBH €KOJIOIIKATA CO-CT0j0a BO €KOCHCTEMOT BO
nokanutetoT Kamrana Gerre criopes0S€HO HAjTIOTOIHA O] OBOj aCIIEKT.
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