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ABSTRACT

Sapkarev.J. (1994). Communities of the earthworms {Oligochaeta: Lumbricidae) in the soil of various
plant associations of the Skopje valley, Macedonia. Ekol.Zast.Zivot.Sred., Vol.2, No.l. Skopje.

In this artical species composition, density of populations and vertical distribution of the lumbricid fauna
in the soils from six various plant associations of Skopje'a valley are given. Comparison of the eartworm com-
munities in the various types of soils is made. Finally,some of more important environmental factors of the ex-

plored soils are presented.

Key words: earthworms, community, soil, environmental factors, species composition, population

density, vertical distribution.

BOBE/]

[Hanxapes, J. (1994). 3aemammm oz nosxnosru 1psu (Oligochaeta: Lumbricidae) Bo mousara o pazmir-
HH pactutenHu 3acaauii Bo Ckorickara Kotmnaa, Exon.3amT. Kus.Cpen., Tom 2, bp. 1. Ckore.

Bo Tpyz0T ce nprikaykaHd BUIOBHUOT COCTAB, I'YCTUHATA HA TIAITYJIAIMUTE ¥ BEPTUKATHATA TUCTPUOYIIHja
Ha JTyMOpHIIMIHATA (hayHa BO TIOUBHUTE O]1 IIECT PA3IMYHH PACTUTEIHH acorujaiy Bo Ckonckara Kotmna.
HcTo Taka M3BPITICHO € CITOpeyBarhe Ha 3aCTHULIATE OJ1 IOYKIIOBHUTE TIPBH BO PA3TMYHUTE THIIOBH 1o4BH. [ Ipe-
3EHTHPAHH CE U HEKOM OJ1 TOBAYKHUTE >KUBOTHHU (haKTOPH O] UCTPKYBAHUTE TTOYBH.

Kityunu 300poBH: 10KI0BHU LIPBH, 3a¢IHHIIA, TIOYBA, YKMBOTHH (haKTOPH, COCTaB Ha BUJIOBH, T'YCTHHA HA

MOTyJIallija, BEpTUKAIHA TUCTPUOYIIH]ja

INTRODUCTION

Earthworms, being an important group of
soil inhabiting invertebrates, play a significant role
in the soils. For earthworms to survive, a number of
ecological conditions must be fulfilled. Many envi-
ronmental factors can affect earthworm population
densities and the species complex. Undoubtedly,
the obvious and most important are soil moisture,
soil temperature, and soil acidity, each of which can
act as a complete limiting factor at extremes (Ed-
wards and Lofty 1972; Reynolds 1973). Other fac-
tors such as soil depth and texture, nutrient and food
supply and physiographic features can interact with
these factores and influence the soil conditions
(Guild 1952; Reynolds 1972). It should be em-

phasized that our present knowledge of the earth-
worm ecology in Macedonia is very inadequate in
regard to earthworm taxonomy. Just recently were
few studies provided to the knowledge of ecology
onmacedonian lumbricids (Sapkarev 1979, 1982,
1983a, 1983b, 1984,1987). In connection with the
preceding lines, in this paper we have compara-
tively analyzed the structure of earthworm fauna in
the soils of six different plant associations in the
Skopje valley, the density of populations of the
various species, as well as their vertical distribution
and their densities in the various soil strata. Simul-
taneously, same of the more important environmen-
tal factors in each vertical stratum were studied.
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SITE CHARACTERISTICS

Skopje's valley comprises relatively a big
area with a surface of about 2100 km? in the upper
course of the river Vardar. This valley, its border of
high mountains, represents a natural geographic
region (Fig. 1) very characteristic for Macedonia.
In fact, the N. border of the valley is formed by the
mountains of Skopska Crna Gora and the S. of the
mountain massif of Jacupica. The eastern border of
the valley is formed by the hills between rivers
Pcinja and Bregalnica, and W. border goes to the
massif of Zeden (Jovanovi¢ 1931).

The climate of the Skopje's valley is different
in its various parts. The gratest part of the valley has
mediterranean-continental climate. The lowest
part of the valley is at the mouth of the river P¢inja
(altitude only 173 m.), and the highest part is on the
top of the mountain of Jakupica - Solunska Glava,
reaching an altitude of 2540 m.

Our investigations were carried out at five
localities:

- Petrovec (grassland ass. Trifolietwn resupi-
nati balancae Mic.) with clay sandy loam soil and
an altitude of 175 m;

- Katlanovo (arable site and a hill pasture -
foed Saturejo-Thymion Mic.) with a very low al
titude (cca 180-250 m);

Gazi Baba (hill habitat with artificial vegeta-
tion and permanently present Peganum harmala
and Marrubiwnperegrinum) on the N-E part of the
valley and an altitude of cca 250 m. According
to Gracanin (1966) the soil of this site belongs to
type of cimet-brown soils. It is clayey to sandy-
loam, slightly coloid with middle porousness;

- Skopska Crna Gora at the site ,,Preslap,, in
a beech forest (ass. Fagetum submontanum
macedonicum Em). The soil of this forest associa
tion is clay loam or sandy-clayey to silty. An altitu
de is L260 m. The soil of this association is siliceo
us, slightly acid, brown to sandy clayey.

-Vodno, in forest ass. Castanetum sativae
macedonica Rud. It is very limited forest associa-
tion which soil is siliceous. The soil is clay loam or
silty clayey. Altitude is cca 800m.
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Fig. 1. Location of Skopje valley in Macedonia

A Schematic map of the Republic of Macedonia with the Skopje valley;
B. Skopje valley sketch with the position of the examined localities
1. Gazi-Baba 2. Petrovec 3. Katlanovo 4. Vodno 5. Skopska Crna Gora

Cn.1. Ckonckata KotnnHa Bo MakegoHuja

A. LLematckm npukaxkaHo kapTa Ha Penybnnka MakeaoHuja co nokaumja Ha Ckonckarta KotnvHa; b.
Ckonckata KoTnunHa co nonoxbaTa Ha ucnutyBanute nokanutetn 1. Masmbaba 2. MNeTposew,

3. KatnaHoeo 4. BogHo 5. Ckoncka LipHa lMora
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Comunities of the earthworms in the sail...

MATERIALS AND METHODS

Sampling was performed in April 1978
from different soil types with different vegeta-
tions. Quantitaive samples ofearthworms(50cm
x 50 cm each side) were taken from every 10 cm
stratum to a depth of 40 cm in three sites of six
localities, for a total of 72 samples. The lumbricid
specimens were handsorted and stored in 4%
formalin solution of each stratum separately.

Temperature, moisture content, soil struc-
ture, porousness, hydrogenion concentration (pH)
and contents of humus were studied in the soil strata
examined. The following methods were used: the
texture of soil by the method of sedimentation, the

porousness of the soil in regard to total contents of
the pores by Gracanin, the contents of humus with
pergament method by Kotzmann, and pH-value
with potentiometer MA 5701 - Iskra.

The structural feathures of the examined
communities, such as abundance, dominance and
frequency are by Tischler (1949). Estimation of the
similarity of the examined earthworm communities
was with equation by Marczevski and Steinhaus
(1959) whereas index of the species diversity in
each biotop was estimated separately by means of
the equation by Shannon-Wiener (1949).

RESULTS

The researches of the earthworm communiti-
es and the more important environmental factors
were performed in spring (second half of April)
1978 on six different biotops from five localities in
Skopje valley. The following results of these inves-
tigations were obtained.

Environmental factors

The soil temperature varied in the surface
stratum (0-10 cm) from 8.2°C at ass. Fagetum sub-
montanum macedonicum in Skopska Crna Gora to
13.6°C in ass. Trifolietum resupinati balancae in
Petrovec village; stratum 10-20 cm depth from
7.9 °C at ass. Fagetum submontanum macedonicum
to 12.9°C in arable soil from the village of Katlano-
vo; on the stratum 20-30 cm depth - from 8.1°C at
ass. Fagetum submontanum macedonicum to 11.7°C
at ass. Trifolietum resupinati balancae; finally on
the stratum 30-40 cm depth from 8.1°C from ass.
Fagetum submontanum macedonicum to 12.0°C at
ass. Trifolietum resupinati balancae. That means
the highest temperature were at ass. Trifolietum re-
supinati balancae (from 11.7°C to 13.6°C) and
the lowest at ass. Fagetum subalpinum macedoni-
cum from 7.9°C to 8.2°C (Tab.l).

In the same table the datas of the moisture
content in soils with various plant associations are
given. In the surface stratum (0-10 cm) from 27.3 %
at ass. Fagetum submontanum macedonicum in
Skopska Crna Gora to 34.9 in pasture soil at village
of Katlanovo; in the stratum 10-20 cm depth -
19.6% in the pasture soil of Katlanovo village to
29.4% at ass. Castanetum sativae macedonicum on
Vodno; in the stratum 20-30 cm depth- from 21.8%
at ass. Castanetum sativae macedonicum on Vodno
to 3.5% at ass. Trifoliatum resupinati balancae in

Ekon.3awT.>Kueot.Cpega., 2,1, ctp. 47-57 (1994)

village of Katlanovo; in the stratum 30-40 cm depth
- from 19.4% at ass. Fagetum submontanum mace-
donicum in Skopska Crna Gora to 31.3 % at ass. Tri-
folietum resupinati typicum at village of Petrovec.

In the Tab.2 are given texture and porousness
in soils with various plant associations. In the
surface stratum (0-10 cm) the porousness varied
from 35.8 % at ass. Trifolietum resupinati typicum
in the village of Petrovec to 55.2% on the hill of
Gazi-Baba; in the stratum 10-20 cm depth - from
41.2% at ass. Trifolietum resupinati typicum in vil-
lage of Petrovec to 61.8 % in ass. Fagetum submon-
tanum macedonicum in Skopje's Monte-Negro; in
the stratum 20-30 cm depth - from 42.9 % at ass. Tri-
folietum resupinati typicum in Petrovec to 65.6% at
ass. Fagetum submontanum macedonicum in Skop-
ska Crna Gora in the stratum 30-40 cm depth - from
44.1 % at ass. Castanetum sativae macedonicum in
Vodno to 50.9% at ass. Fagetum submontanum
macedonicum in Skopska Crna Gora.

Finally, in the Tab. 3 humus and pH-value in
soils with various plant associations are given. The
percentage of humus in the surface stratum (0-10
cm) was from 1.7 in the hill soil of Gazi-Baba to 6.7
in pasture soil in the village of Katlanovo. In the
stratum 10-20 cm depth - from 1.5% on the hill of
Gazi-Baba to 4.7 % at ass.Fagetum submontanum
macedonicum in Skopska Crna Gora; in the stra-
tum 20-30 cm depth - from 1.3 % on the hill of Gazi-
Baba to 3.9 % at ass. Fagetum submontanum
macedonicum in Skopska Crna Gora; in the stra-
tum 30-40 cm depth - from 1.1 % at ass. Trifolietum
resupinati balancae in Petrovec to 3.6% in pasture
soil in the village of Katlanovo. ThepH-value in the
surface stratum varied from 5.8 at ass. Castanetum
sativae macedonicum in VVodno to 7.4 in arable soil
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Tab. 1. The temperature (in °C) and the moisture content (in percent) in soils with various plant associations Ta6.
1. Temnepatypa (Bo °C) 1 cogpxwuHa Ha Bnara (Bo %) BO NOYBM CO pasnuyHW pacTUTENHW acouujaumnm

Temperature Moisture
Locality and
ptant association (soil strata in cm) : {soit strata in em)
0-10 10-20 2030 3040 0-10 10-20 20-30 30-40

hill of Gazi Baba 11.5 118 1.3 1.6 28.7 26.6 255 27.3
village of Petrovec .
ass, Trifolietum 136 129 1.7 120 . 22 28.2 305 31.3
resupinali bafancae
Viliage of Katfanovo 21 116 12 117 299 207 262 274
;':;’Lfe“so'(,f"‘""‘“’ 108 112 107 106 34.9 196 26.0 29.1
Vodno
aas. Castanefum salivae 338 29.4 -218 226
macedonicum
Skopska Crna Gora
ass. Fagetum submontanum 8z 7.9 8.1 82 273 23.9 21.9 19.4
macedonicum

Tab. 2. Texture and Porousness (in percent) in in soils with various plant associations Ta6.
2. TeKcTypa v NOpo3HOCT (BO %) BO NOYBM CO PasfMyHW pacTUTENHM acouujaumm

Texture Porousness
Locality and
plant association {soil strata in cm) (soil strata in cm)
D-10 10-20 20-30 30-40 0-10 10-20 20-30 30-40
| 258 23.5 208 14.3
hill of Gazi Baba Il 233 196 165 1.4 55.2 549 53.1 49.3
maw 50.9 56.9 627 74.3 ‘
village of Petrovec f 30.1 28.2 299 302
as&. Trifolietum : Il 3.9 37.7 27.6 28.8 35.8 M2 429 446
resupinati balancae & W 39.0 345 425 41.0
viltage of Kattanovo t 26.8 306 30.4 20.7
arable soil ) Il 356 329 305 308
mamn 76 36.5 39.1 39.5
village of Katlanovo | 329 30,0 321 329
pasture soil Il 388 38.2 3re 368
&IV 283 31.8 303 30.3
Vodno '
aas. Castapetum sativae 48.3 47.8 43.8 44.1
macedonicum
Skopska Crna Gora | 308 74 39.0 41.8
ass. Fagetum submontanum 1 297 19.5 16.9 .7 475 61.8 65.6 50.9
macedonicum n& v 395 431 44.1 465

in Katlanovo; in the stratum 10-20 cm depth - from
5.5 at ass. Castanetum sativae macedonicum in
Vodno to 7.2 in arable soil in Katlanovo; in the
stratum 20-30 cm depth - from 4.9 at ass. Fagetum
submontanum macedonicum in Skopska Crna Gora
to 7,3 in arable soil of Katlanovo; in the
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stratum 30-40 cm depth - from 4.8 at ass. Fagetum
submontanum macedonicum in Skopska Crna
Gora to 7.3 at ass. Trifolietum resupinati balancae
in Petrovec and arable soil in Katlanovo.
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Comunities of the earthworms in the sail...

Tab. 3. Humus (in percent) and pH - value in soils with various plant associations
Tab. 3. Xymyc (Bo %) v pH - BpeaHOCT BO NOYBK CO pa3niu4HX pacTUTENHM acoLmjaumm

Humus pH - value
Locality and
plant association {e0il strata in cm) (soil strata in cm)
0-10 10-20 20-30  30-40 010 10-20 20-30 3040
hill of Gazi Baba 1.7 15 13 12 85 6.6 6.4 84
village of Pstrovec :
ass. Trifolietum 4.1 16 15 11 87 6.9 7.1 73
resupinati balancae
village of Katlanovo
arable soil 32 2.9 2.9 27 7.4 7.2 7.3 ?_‘3
village of Katlanovo
pasture soil 6.7 4.1 35 36 7.1 7.0 - 7.2 7.0
Vodno
ass. Castanetumn salivae 5.1 38 27 1.8 58 5.5 8.3 54
macedonicurm . :
Skopska Crna Gora
ass, Fageturn submontanum 65 4.7 3.9 34 59 58 49 4.8
macedonicum
Species composition sativae macedonicum. Cosmopolitan Eiseniafoeti-

Eight species of lumbrieids in six explored
earthworm communities in the soil of various plant
associations of the Skopje Valley were established.
All of them are cosmopolitan (Aporrectodea rosea,
A. caliginosa trapezoides, Octolasion lactewn,
Eiseniafoetida and Lumbricus rubellus) except Oc-
todrilus complanatus (distributed mainly in South
Europe and North Africa), Dendrobaena attemsi
(distributed in Europe) and Serbiona dofleini (dis-
tributed in Macedonia, southern part of Serbia and
northern part of Greece).

From the table 4 it can be seen that the soil of
Gazi-Baba hill was populated with 3 lumbricid spe-
cies (two cosmopolitan and one endemic species),
and the soil of ass. Fagetum submontanum macedo-
nicum in the Skopska Crna Gora - with 4 lumbri-
cid species of which only Octodrilus complanatus is
distributed in South Europe and North Africa, all
other three species are cosmopolitan. All other soils
of four different associations were populated with
five lumbricid species.

Aporrectodea rosea was presents in the all
explored soils, which was in this regard followed by
Octolasion lacteum and Lumbricus rubellus, which
were absent only in the soil of Gazi-Baba. Aporrec-
todea caliginosa was absent in the soil of forest
communities. Endemic Serbiona dofleini was
present in the soil of Gazi-Baba, in the soil of foed
Saturejo Thymion and in the soil of ass. Castanetum

Ekon.3awr.>Kusot.Cpen., 2,1, c1p. 47-57 (1994)

da was populated in the cultivable soils (field and
meadow). Finally, european species Dendrobaena
attemsi and Octodrilus complanatus were found just
in one soil type, the former was in the soil of ass.
Castanetum sativae macedonicum and the latter in
the soil of ass. Fagetum submontanum macedoni-
cum.

Population density

The population density of the species present
in the composition of the earthworm communities in
the soils of different explored associations was dif-
ferent. So dominant species were:

- in hill soil of Gazi-Baba was Serbiona dofle-
ini,

- in a meadow of Petrovec was Octolasion
lacteum;

-in an arable soil of Katlanovo was Lum-
bricus rubellus;

- ina hill pasture of Katlanovo, in a beech fo-
rest of Skopska Crna Gora and in a chestnut
wood of Vodno was Aporrectodea rosea.

Their abundance were ranged from 10.8
ind » m"? fo r Lumbricus rubellus, 18.8 ind  m~? for
Octolasion lacteum, 20.8 ind-m for Serbiona
dofleini to 22.0 ind « m"? for Aporrectodea rosea
(see Tab.2).

The density of the whole lumbricid fauna was
the greates (64.4 ind » m"?) in the soil of hill pasture
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Tab. 4. Present or apsent of lumbricids in soils of plant associations
Tab. 4. TpuUCyTHOCT MM OTCYTHOCT Ha yMBPULIMAM BO NMOYBM O PACTUTENHU acoumjaumm

S0JLS Soils of plant associations
Lumbricids
1 2 3 4 5 6
Serbiona doffeini + - - + + -
Aporreciodea rosea + + + + + +
A. caliginosa frapezoides + + + - -
Octolasion lacteum - + + + + +
Octodrilus complanatus - - - - - +
Lumbricus rubelius - + + + + +
Eisenia foetida ‘ - + + - - -
Dendrobaena attemnsi ? - - - - + -

1. Gazi Baba 2. ass. Trifolieturn resupinati bajancae
5. ass. Castanetum sativae macedonicum 6. ass. Fagelum submontanurn macedonicum

(foed Saturejo-Thymion), and then in the soil of ass.
Trifolietum resupinati balancae (49.0 ind « m~?), in
the arable soil of Katlanovo (35.0 ind-m™?), in ass.
Castanetum sativae macedonicum (33.9 ind m m" )é
in the soil of the hill of Gazi-Baba with 31.6 ind e m"
and finally in ass. Fagetum submontanum macedo-
nicum with only 22.1 ind m m"?

Vertical distribution

One month investigations for the depth distri-
bution of the earthworms presented in the soil of ex-
amined plant associations had shown that the
earthworms penetrated into the soil strata to 30 cm
depth, with one exception for an arable soil from
Katlanovo (to 20 cm depth).

During the examined month of the 1978, the
density of populations of the present species in all
investigated types of soils with the depth mainly
decreases (Tab.5). Four species (Lumbricus rubel-
lus, Eisenia foetida, Dendrobaena attemsi and4p-
porectodea caliginosa trapezoides) were found only
on the surface stratum (0-10 cm). Aporrectodea

3. Arabls soil 4. foed Saturejo Thymion

rosea was mostly registered in all three strata (0-10,
10-20 and 20-30 cm), Octolasion lacteum mostly in
the two upper strata and Serbiona dofleini mostly in
the two lower strata.

Whole amount of lumbricid individuals in
average of all investigated sites was 71.3% for the
stratum 0-10 cm, 25.0% for the stratum 10-20 cm
and 3.7% for the stratum 20-30 cm. The highest
percent of individuals (89.8%) in the surface stra-
tum (0-10) cm was concentrated in a meadow from
Petrovec and in an arable soil from Katlanovo,
whilst the lowest percent was registered on the hill
pasture from Katlanovo - 54.1 % only. At the stra-
tum 10-20 cm the highest percent (39.7) was noticed
on the hill pasture from Katlanovo and in ass.
Fagetum submontanum macedonicum from Skop-
ska Crna Gora (35.3%), whilst the lowest percent
in the meadow from Petrovec (only 8.2%). At the
stratum 20-30 cm the highest percent (6.3) was
found in ass. Fagetum submontanum macedonicum
from Skopska Crna Gora, whilst the lowest one
(2.0%) in the meadow from Petrovec.

DISCUSSION

The research of lumbricid fauna in the valley
of Skopje has included some natural (forest and pas-
tures) and artificial (cultivated meadow, arables)
ecosystems. Tho soils of these ecosystems were
populated with 3 (Gazi-Baba), 4 (Skopska Crna Go-
ra) and 5 species (Petrovec, Katlanovo and VVodno).
A similar case with small in numbers of species was
registered on the same or similar ecosystems in
this valley (Naumovski, 1981) or other valleys in
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Macedonia (Sapkarev 1979, 1982, 1987). Some-
thing like this was stated out of Macedonia, for
example in Baranja, Croatia (Pivar, Sapkarev and
Gjugjar 1980) and in Sumadija, Serbia (Stojanovic¢
and Karaman 1993). Studiiig earthworm communiti-
es in various forest ecosystems from the Romanian
Carpathians, PopV.V. (1987) had established a
presence of small numbers of lumbricid species
of all examined communities (mainly 3 species)

Ekol.Zast.Zivot.Sred., 2,1, p.p. 47-57 (1994)



Comunities of the earthworms in the sail...

Tab.5. The structure of lumbricid synusia in the different soil types (N ¢ m'z) *X
Ta6.5. CTpyKTypa Ha NyMBPULIMAHN CYHY3UM BO PasfinuHM TMRoBM nousm (N-m')-x

plant associations Lumbricid species s0il strata in om
ACTUTENHH 328RHHUH :
P i : 0-10 10-20 20-30 Total

hilt soil - Gazi-Baba Serbiona dofleini 10.8 8.0 20 20.8
msea 4.0 28 - 6.8

PHACKa novea A.caliginosa trapezoides 4.0 = . 40
Total 188 108 20 . 316

ass, Trifolietum resupinati Aporreciodea rosea 8.0 : - - 8.0
bafancae - Petrovec A.caliginosa trapezoides 6.8 - - 6.8
Octotasion lacteum 13.2 4.0 10 18.2

Lumbricus rubellus 4.0 - - 4.0

Eisania foetida 120 - - 12.0

Total 44.0 4.0 1.0 49.0

arable soil - Katlanovo Aporreciodea me;cm‘e 6.8 20 - 8.8
A.caliginosa trapezokles 34 - - 3.4

obpaGotuea nousa Octolasion facteum - 40 - 40
Lumbricus rubellus 10.8 - - 10.8

‘Eisenia foatida 8.0 - - 8.0

Total 290 6.0 - aso

foed Saturejo Thymion Serbiona dofleini - 8.0 20 10.0
- Katlanovo Aporrectodea rosea 132 6.8 20 220
Accaliginosa trapezoides 6.8 - - 6.8

Qctolasion lacteumn 80 10.8 - 188

Lumbricus rubsllus ‘68 - - 6.8

Total - 248 256 4.0 64.4

ass Castanetum sativae Serbiona dofieini - 20 - 20
macedonicum - Vodno Aporrectodea rosea 120 4.0 10 17.0
Cctolasion facteum 6.9 2.0 - 8.9

Lumbricus rubefius 40 - - 4.0

Dendrobaena attemnsi 20 - 2.0

Total 249 8.0 1.0 33.9

ass. Fagetum submonta- Aporrectodea rosea 69 2.3 14 11.1
pum macedonicum Octolasion lacteum 40 30 - 7.0
- Skopska Crna Gora QOctodrilus complanatus - 20 - 2.0
Lumbricus rubellus 20 - 2.0

Total 129 7.8 1.4 22.1

except of that or beech forest ecosystem with rend-
zines (6 species).

Also, relatively small population densities in
the natural and artificial ecosystems were establi-
shed (Tab.4) with the present investigations, as well
as with the mentioned other investigations. An ex-
ception was stated for the beech forest ecosystem of
the Romanian Carpathians (Pop.V.V.1987).

The structural features of the examined com-
munities are presented according to Tischler
(1949). It is obviously that the most abundant, al-
most dominant and the most frequent in both, cul-
tivated and natural, ecosystems was Aporrectodea
rosea. On the contrary, Dendrobaena attemsi (only
in the soil of ass. Castanetum sativae macedonicum)
and Octodrilus complanatus (only in the soil of ass.
Fagetum submontanum macedonicum) were present
only in one of examined ecosystems (Tab.6).

Ekon.3awr.>Kusot.Cpen., 2,1, ctp. 47-57 (1994)

Quotient of similarity shows the similarity of
biotops or ecosystems on the basis the composition
of their communities. Less or more number of the
same species in two communities point out to less or
more similarity between them. So, between cultiva-
ted biotops, meadow and arable soil there is no dif-
ference in the lumbricid composition of their
communities, i.e. they are identical (S = 100%),
whilst between natural ecosystems, beech and
chestnut forests, quotient of similarity shows less
similarity (S =50%), calculated according Mar-
czevski and Steinhaus (1959). It can be said
that more similar are the synusia of cultivated soils
than ones of natural soils.

The degree of stability of every one ecosys-
tem represents an important factor for an influence
by man to it. As the degree of stability is in direct in-
terdependence with index of species diversity
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calculations of mentioned index for each ecosystem
were carried out separately. Mentioned index at lo-
garithmic formula treats the relation of the total num-
ber of species and the total number of individials. It
was calculated with the formula by Shanon-Wie-
ner (1963). It is known that is the index greater so
much the stability of the explored ecosystems is
greater. From our investigated ecosystems, hill soil
of Gazi-Baba and ass. Fagetum submontanum mace-
donicum of Skopska Crna Gora there are the
lowest, i.e. 0.87 resp.1.14 of the index. A higher
index was noted in the plant associations: ass.Cas-

Tab. 6.
ecosystems in Skopje's valley Tab. 6.

BNOOBUBO KyNTUBUPAHU U NpUpoaHn
ekocuctemm Ha Ckoncka KoTnuHa

tanetumsativaemacedonicum of Vodno, in ass. Tri-
folietum resupinati balancae of Petrovec and in
the hill pasture (foed Saturejo-Thymion of Katla-
novo with index 1.28 resp.1.49. The highest index
was registered in arable soil in Katlanovo with 1.52.
Soil temperature and moisture content are
considered to be of major importance in regulating
lumbricid activity, occurence and behaviour (Sat-
chel 1967, Lee 1985). Since these two factors were
not examined over a longer period of time, we can
stats only that they were favourable in stated time
period.

Survey of abundance (A), dominance (D) and frequence (F) of the present lumbricid species in cultivated and natural
O6wunHocT (A), AommnHaHTHOCT (D) 1 dppekBeHTHOCT (F) Ha NpUCYTHUTE NyMOpPULMAHN

BMOOBM Cultivated 1 2 3 Natural 4 5 &
SPECIES

Aind-m? D% F % Aindm? D% F %
1} 6.8 215 4) 220 34.2

Aporrectodea rosea 2y 80 79 163 210 100- 5) 17.0 167 50.1 44.8 100
3) 88 252 6} 116 50.2
4.0 12.7 . 106

A.caliginosa trapezoides 6.8 47 139 121 100 6.8 23 - 35 3.3
3.4 9.7 - .
208 65.8 10.0 -

Serbiona dofleini - 69 - 220 333 20 40 155 7.1 66.6
- - 5.9
- - 188 29.2

Oclolasion lacteum 18.2 7.4 a7z 16.2 66.6 89 11.6 26.3 29.1 100
4.0 11.4 70 3z

Octodrilus complanatus - o t] 0 : 0.7 - 07 33.3
- 20 8.0
- - 6.8 10.6

Lumbricus rubslius 4.0 4.9 8.2 13.0 66.6 4.0 4.1 11.8 10.5 100
10.8 309 2.0 9.0

Eisenia fostida 120 70 | 245 158 | 666 - o - o 0
2.0 229 . -

Dendrobaena atternsi - 0 - 0 o 2.6 07 5.6 2.0 a3

X 1) hill of Gazi-Baba 2) meadow of Petrovec 3) arable soil of Katlanov 4) hill pasture of Katlanovo
5) chestnut wood of Vodno  6) beech forest of Skopska Croa Gora

CONCLUSIONS

The results obtained with these investigati-
ons, briefly, could be summarized in the following:
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-the soil temperature was from 7.9 C to
13.6°C. The soil strata were much warm up in
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meadow - Petrovec and a little - in the soil of beech
forest - Skopska Crna Gora. Specially expressed
changes vertically in the soil strata were not noticed

- the moisture content in the soil strata was
the greatest in the surface stratum of hill pasture -
Katlanovo (34.9%) and the smallest (27.3%) in the
surface stratum of the beech forest - Skopje's Mon
te- Negro. The content of moisture graduelly decre
ases with the depth.

in the content of humus were registered much
greater differences. So, for example, 1.2-1.7 % in
the soil of the hill of Gazi-Baba to 3.4- 6.5% in the
soil strata of beech forest - Skopje's Monte-Negro.
The content of humus decreases with the depth;

- pH-value in the soil strata was 4.8-5.9 in
forest ecosystems and 7.0-7.4 in pasture and arable
soil - Katlanovo. Vertically pH-value weakly decre-
ases with the depth;

- eight lumbricid species in the soil from six
plant associations were registered. Five of them are
cosmopolitan, one is european, one is southeurope-
an and one is endemic species;

- in the synusia of earthworms participate
from three on the hill Gazi-Baba, four in the soil of

beech forest - Skopska Crna Gora to five species in
other plant associations;

- the most abundant, almost dominant and the
most frequent v/a&Aporrectodea rosea. Dendrobae-
na attemsi and Octodrilus complanatus were regis-
tered only in one of examined associations;

-the sinusia were not only with a small
qualitative composition, but with a small quantity;

- the population density of the more abundant
species was in average from 10.8 ind'm"? for
Lumbricus rubellus, 18.2 for Octolasion lacteumto
22.0ind « m"? for Aporrectodea rosea;

the density of whole lumbricid fauna was
from 22.1ind » m" in the soil of the beech forest to
64.4 ind » m"2 in the soil of hill pasture;

- the penetration of the earthworms from the
explored plant associations was to 30 cm depth. The
gratest density was registered in the surface stratum
and with the depth it decreases;

-the influence by man to examined ecosys-
tems is obvious what certainly express the negative
influence to the fauna of earthworms also.

REFERENCES

Edwards, C. A., Lofty, J. R. (1972). Biology of
Earthworms. Chapman and Hall LTD, London,
pp.283. Evans, A. C, Guild, W. J. McL.

(1948). Studies on
the relationschips between earthworms and soil
fertility. 'V Field populations. Ann.appl.Biol.
35(4): 485-493. Gracanin, M. (1966). VVoda kao

ekoloski faktor u nekim
tlima Skopske kotline. God.zborn.PMF, Skopje,
16:23-41. Guild, W. J. McL. (1952). The

Lumbricidae in upland
areas. |l Population variation on hill pasture.
Ann.Nat.Hist.Mag. Ser.12,5: 286-292

Jovanovi¢, P. (1931). Reljef Skopske kotline. Glas.
Skop.Nau¢. Drust., 10(4), 1-3. Marczewski,

M., Steinhaus, H. (1959). On the
taxonomic distravnce of biotops. Zastos.matem.,
4: 195-203. Naumovski, M. (1981). Prilog

proucavawu pedopfaune
u vocwacima i Sumama Katlanova. Arh.polj.nauke,
Beograd, 42: 265-276. Pivar, G., Sapkarev, J.,

Gjugjar, A. (1980). Ispitivanja
populacija kosnih glista (Oligochaeta: Lumbrici-
dae) na podrucju Baranje. Zbor.rad., Poljop.f-ta,
Osijek, 6: 88-92 Pop, V. V. (1987). Density and

biomass of earthworm
synusia in forest ecosystems of the Romanian Car-
pathians, Proceed. Intern. Sympos. Earthworms,
Bologna, 1983-1990.

Ekon.3awT.>Kusot.Cpega., 2,1, ctp. 47-57 (1994)

Reynolds, J. W. (1972). The relationship of
earthworm (Oligochaela.Acanthodrilidae and
Lumbricidae) distribution and biomass in six
heterogenous woodlot sites in Tippecanoe Country,
Indiana. J. Tenn.Acad.Sci. 47(2): 63-67.

Reynolds, J. W. (1973). Earthworm (Annelida:
Oligochaeta) Ecology and Systematics. Proceed.
First Soil Microcomm. Conl.U.S. Depart Comm.,
95-120.

Satchell, J. E. (1967). Lumbricidae in Soil Biology.
A.Burgess and F.Raw(eds). Academic Press.
London and New York, pp.259-322.

Shannon, C. E., Weaver, W. (1959). The mathematical
theory of comunication. Univ.1llin.Press, Urbana
11 pp. 320.

Stojanovi¢, M., Karaman, S. (1993). Uticaj antro-
pogenog faktora na dinamiku i razvoj lumbricida
u okolinu Kraguhevca. Zbor.rad.Prirod.f-ta,
Kragujevac, 14: 73-79.

Tischler, W. (1949). Grunruge der terrestrichen
Tierokologie. Brainschweig.

[Mankapes, J. (1979). JlymOpmmnnHa hayHa Ha Make-
nounja 9. Jokmosun rmmuctu  (Oligochaeta:
Lumbricidae) ox Osuenosickara Kormna Bkiy-
gyBajku ja u Lllturckara okomuna. I'om.300pH.,
buonoruja, Cromje, 32:5-16.

[Mankapes, J. (1982). IproHec KOH eKOIOTHjaTa Ha
noxaosamTe Timery (Lumbricidae) ox Mastern u
IMujarert. I'on.300pa.briomn., Crormje, 35:21-28.

55



J. SAPKAREV

Sapkarev, J. (1983a). Dinamika gustine populacija i
biomase Allolobophora rosea macedonica Rosa
1892 ipiigochaeta:Lumbricidae) u ass.Quercetum
frainetto cerris nacionalnog parka Gali¢ica. God.
Biol.inst., Sarajevo, 36: 207-225.

[Tarkapes, J. (19836). PacripocTpaHyBarbe U Bapuparse

the soil of a forest ecosystem in Macedonia. Con-
tribution Sec.Biol. Med. Scien.MASA, Skopje, 2:
33-51.

Sapkarev, J.(1987). Composition and dynamics of the
earthworm fauna (Oligochaeta: Lumbricidae) of a
forest ecosystem in Macedonia. Proceed.Intern.

HaryCTuHarTta Ha nonyﬂaunjaTa U1 OuoMacara Ha
Allolobophora antipai tuberculoid Cernosvitov
1935 {Oligochaeta: Lumbricidae) so 3amrurena
MOBpPIIHA HA HTYMCKHOT ,Z[a60B €KOCHUCTEM Ha IlIa-
HuHata [ aymraura. [ox.300pa.bromn.dak., Cromje,

. 36:33-58.

Sapkarev, J. (1984). Population dynamics of Octolasion
lacteumOrley 1881 (Oligochaeta.-Lumbricidae) in

_ Symp.Earthworms, Bologna, 349-357.

Sapkarev, J. (1993). Annual variation of the terrestrial
macrofauna during autumn period in a forest
ecosystem of Galicica National Park. Ekol.zast.
Zivot.sred., vol.1, No. 1: 11-18.

3AETHUIIU O 1OKTOBHH IIPBU (OLIGOCHAETA.LUMBRICIDAE) BO ITIOYBAOJ PA3JIMYHU
PACTUTEJIHU 3AEJHULIA BO CKOIICKATA KOTJIMHA, MAKEJJOHU J A

JAHIIAIIKAPEB
HucruryTt NO 6uonoruja, [IM®, m.¢. 162, Cxomnje
PE3VME

Bo ampun 1978 roawna of mIecT pa3udHA PAaCTUTETHH 3aeTHANN Bo JokamuteTute [lerposen, Katma-
HOBO, ["a3u-baba, Bomxo u Ckoricka Lpra ['opa ox Ckrornckara KotnuHa, 6ea 3eMaHu TOYBEHH KBAHTUTATHBHU
poOH €O TeT Ja ce MPOYYH JIyMOpUIMIHATA (DayHa U J1a € MCIIMTAAT HEKOH MTOBAYKHU CKOJIOIIKHU (pakTopH.

JoOuenunTe pe3yiaTaTy O OBUE UCTPAXKYBamba. BO KPaTKO, OM MOXKEIE Jla ce CBelaT Ha CIIETHOBO:

- moyBeHata Temmeparypa ce apmwxkenie o 7,9 C no 13,6 C. [louBeHure ciioeBr Oea HajMHOTY 3arpeaHu
BO JiMBaj1a kaj [letposer, a HajHHCKO - BO movBara oJl Oykosa mrymMa kaj Ckoricka Lpra I'opa Hekoja moce6HO u3-
pa3eHa npoMeHa BEPTUKAJIHO BO IIOUYBEHUTE CIIOEBU He Oelle 3a0emnexaHa;

- COAp>KMHA Ha BJara BO IOYBEHHUTE CJIOEBU O€lle HAjBUCOKO PETHCTPUPaHa BO MOBPIIMHCKUTE CIIOCBH
u Toa o7 34,9% Bo puacko nacuinTte kaj KatnanoBo, a HajHucka -27,3% Bo OykoBa 1ryma Ha Ckorcka Lipra ['opa
BepTukanHo BO MOYBEHUTE CIIOEBU OCIIe 3a0€Ie:KaHO HETPABHIIHO WITH MPABIITHO HAMATyBamkhe Ha BIAXKHOCTA
co 11a004YnHAaTa;

- BO COZIP)KMHATA Ha XyMyc Oea 3a0eNiexanu morojeMu pa3iukd. HajMan nporieHT Oeliie periucTprpan Bo
nousara Ha punoT ['asu-baba (1,2-1,7%), a Hajronem - Bo OykoBara riryma Ha Ckoricka Ipua Topa (3,4 no 6,5%).
BepTukaiHo comp)KHHATA HA XyMYyC CE HaMalyBa,

-pH-BpemHocTa ce ABMKeEIIe 0 c1abo Krcena Bo myMcKuTe ekocuctem (4,8 1o 5,9)10 cnabo amkamHa
Kaj IPUPOIHOTO MacHIITe M 00paboTarBaTa mospiuHa o1 Karianoso (7,0 go 7,4). Co miabounHATaBO Io4yBara
pH-BpennocTa cnabo omnara;

- OCYM JIyMOPHIIUTHA BUIOBH BO MOYBATA OJ1 IIECT PA3IMYHN PACTUTEITHH 3aCAHHUIU Oea pEeruCTPUPaHH.
[et o1 HUB ce KOCMOTIOJIUTCKH, €JICH € €BPOIICKH, SJICH jJYXKHO EBPOIICKU U €/IeH CHICMHYCH BUJI,

- BO CHHY3HWHTE Ha JOXIOBHHUTE IJPBU yUECTBYBaa o1 TpH Kaj puaoT [ a3u-baba, yetnpu kaj Oykosara 1ry-
Mma Ha Ckorncka LlpHa ['opa 1o 1o meT BHJIOBY Kaj OCTaHATHTE YSTUPH PACTUTEITHU 3aCHUIIH;

-HajabyHIaHTHA, CKOPO JTOMHHAHTHA M HajppekBenTHa QeuieAporrectodea rosea. Dendrobaena attem-
si m Octodrilus complanatus 6ea perucTpupanu camMo BO TI0 €IHa Ol HCIIUTYBAaHUTE PACTUTEIHN 3a€IHHUIIH;

-TIOKpaj ciabaTa KBATMTATUBHA 3aCTANICHOCT BO COCTABOT HA CHHY3UHTE OJ1 JIOXKIOBHHUTE IIPBU, OUUTIIC]I-
Ha Oerre u cnabaTta KBAHTUTAaTHBHA 3aCTANeHOCT;

- eHOOOpa3HaTa M cupoMarnHaTa (ayHa Ha JIOKIOBHHTE LIPBU O€llle Tou3pa3eHa BO KyJITHBUPAHUTE OT-
KOJIKY BO IIPHUPOJHUTE €KOCHCTEMH,

-TYCTHHATA Ha TIOMyJIAIMUTE BO MOa0yHIAHTHUTE BHIOBH ce IBIKente Bo mpocek ox 10,8 izLumbricus
rubellus, 18,2 3a Octolasion lacteum o 22,0 ind ¢ m? 3aAporrectodea rosea.
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: 2
- I'YCTHHA Ha Hacej10ara Ha menara (payHa Ha J0XKIOBHHTE LIPBHU Ce ABIIKEIE BO paMkure Ha 22,1 ind « m"

BO o4BaTa oj OykoaTta 1yMa kaj Ckoricka Llpaa 'opa o 64,4 ind  m Bo nmousara o puacko macuiiTe Kaj Kar-
JIAHOBO; - MEHETpaIujaTa Ha J0XKIOBHHUTE IIPBU BO MOYBHUTE O] HCIIUTYBAHUTE PACTUTEITHHU 3a¢THUIU U3HECY-
Bamie 10 30 cm mraboumHa. Hajrycra Hacenba Oerre ocTBapeHa BO MOBPITHHCKUOT CJI0j M CO UTa00OYMHATA Taa
omara,

-OYUIJICHO € aHTPOIIOTECHOTO JISjCTBO BP3 UCIUTYBAHUTE EKOCUCTEMH IITO CEKAKO MMa HETaTHBHO JIEj-
CTBO W Bp3 TyMOpHUIIHaHATa (ayHa.
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