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ABSTRACT

Sapkarev, J. A. (1993). Annual variation of the terrestrial macrofauna during autumn period in a
forest ecosystem of Gali¢ica National Park. Ekol. zast. Zivot. sred. The article dipicts the ecological
conditions existing in the soil of examined forest ecosystem, gives the structure of the terrestrial
macrofauna and its density of community of certain animal groups, as well as annual variation and vertical
distribution of their population’s densities in autumn period during 1979, 1980 and 1981.
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HU3BO

Illankapes, J. (1993). M'ogumKo Bapupamke Ha TCpECTPUMYHATA MaKpodayHa BO €CCHCKH TMCPHOJL Off
LIYMCKH eKockcTeM Ha HatponanuuoT napk ,,Fanuunna” ,,EKonornja v 3auTuTa Ha XXHMBOTHaTa cpefinHa”. EKon.
3awr. XKusor. Cpen. Tom 1, Bp. 1. Ckonje.

Bo TpyoT ce npuka)XaHW €KONOUWKHUTC YCNORH RO M0YBATA Of] UCTIMTYBAHMOT [IIYMCKM €KOCHCTEM BO
MOMCHTOT Ha MCTPaXKyBakhaTa, Ce laBa CTPYKTypaTa Ha TCPCCTPU'IHATAa MAKPO(hayHa H IYCTHHATA HA )KMBOTHHCKHUTE
TPYIM BO 3aC/IHUIIATA, KAKO U FOJIMUTHOTO BAPUPaH-¢ H RCPTHKATHATA AUCTPHOYMja HA YCTHHATA Ha NOMyJIaUMHTE
of1 eceHekM niecpuop Bo 1979, 1980 u 1981 roguna.

Knyuun 360poBH: TepecTputiHa MakpodayHa, CKONOIIKH YCIOBH, Bapupakwe, paclipocTpaHyBarbe,
nolynaliiMja, 3aefiHuIia, TYCTHHA, COCTAR, IIYMCKH CKOCHCTCM

INTRODUCTION

The massif of this national park in Mac-
edonia is located between two great macedonian
lakes, Ohrid and Prespa. In connection with
biocenological investigations to the ecosystem of
oak forest (Quercetum frainetto-Cerris

macedonicum Oberdorfer, 1948 em. Horvat, 1959)
the heterotrophic component was investigated,
from which the results of terrestrial macrofauna
investigations also will be explained.

METHODS OF INVESTIGATIONS

During three years (1979, 1980 and 1981)
in the months October, November and December
onemonth from five different sites quantitative
samples were taken. The samples were taken from
a protected area of one hectar located in direct

closeness to Lake Prespa. Square method with a
surface of 50 X 50 cm was used. Vertically samples
were taken from every 5 em stratum to a depth of
30 em.
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Searching through the material was
carried out by hand and with the aid of fine and
crude sieve. Separated material was preserved
using a solution of 5 parts concentrated formol, 1
part of glycerin and 94 parts of aqua destillata.

Simultaneously with taking quantitative
samples of the terrestrial macrofauna under ex-

ploration, the temperature was measured of every
stratum of the soil and samples taken of every
stratum soil for a determination of soil structure,
humus content, pH in KCL and in HO, and
moisture content.

RESULTS OF INVESTIGATIONS

1. Some physical and pedological features
of the explored soil

Temperature of the different soil strata is
given on the table 1. In average for all autumn
period the soil was equaly warmed up in 1979

(61°C) and in 1981 (6.2°C) and relatively less in
1980 (5.7°C). In other side, in 1979 (2.1) and 1980
(2.2) a cold spell has set in December whereas in
1981 (2.2'C) - in November.

Table 1. Temperature of different soil strata in the forest oak ecosystem in Galiica mointain.
TaGena 1. TemnepaTypaTta BO PAZAHUIMTE HOYBEHW CNOCHH HA IIYMCKHOT Na0G0OB € KOCHCTEM Ha NnalMHaTa lanuunua.

Year and months
TORHIA W MECCLIH 1979. 1980. 1981.
Depth in em
naGouuiia BO M X XI XII | X XI XI1 X XI XII
0-5 8.7 7.8 1.0 91 38 7 109 13 5.6
5-10 8.4 T8 20195 49 221 1L 21 5.1
10-15 8.4 7.9 2.5 98 6.0 0 ol [ - T Ve S
15-20 8.4 79 291 10.0 64 272 | 11.7 29 S50

As a rule, the percentage of the soil
moisture (table 2) decreases with the depth and it
increase from October to December. An exception
was registered in 1980 when the smallest
percentage was in November (23.10% in average
forallstrata). On the whole taken the most moisture
for all autumn period was stated in 1980 (in
average 29.38%), something less in 1979 (26.52%)

and the leastin 1981 (25.33%). Very low percent of
moisture was stated in October 1981 (10.49% in
the stratum 15-20 ecm depth), in October 1979
(12.55% in the stratum 15-20 cm) and in November
1980(16.09% in the stratum 10-15 cm). The highest
moisture was found at the surface stratum(48.72%)
in December 1980.

Table 2. Percent of moisture from different soil strata of the forest oak ecosystem
in the mointain of Galidica.
Tabena 2. TIpolenT na BAAXIOCT Kil) P#iAHMINTE HOMBEHE cA0cBi O 1aDoBHOT
WYMCKH eRocHeTeM na nainata Canudmia.

Year and months

Tonuna u Mecelm 1979. 1980). 1981.

Depth in cm

NnaGounna O UM X XI XII X XI XII X XI XII
0- 5 31.57 29.44 32.84| 34.31 32.85 48.72|18.22 39.73 34.64
5-10 20.45 23.98 31.05]29.31 2399 27.49|12.04 28.54 30.39
10 - 15 18.82 23.90 30.69| 30.90 16.09 27.18[11.16 30.26 28.22
15-20 12.55 34.77 28.17| 31.23 1947 31.12|10.49 32.84 27.38

On the table 3 the data for pedological
peculiarities are given. The particles from 0.05 to
2.00 mm (49.99-54.27%) were dominated in the
soil structure, then the particles smaller from 0.01
mm (with 28.80-34.66), while the particles from
0.01 to 0.05 mm were with least percent (15.23-
16.93%). Quantity of the finest particles increaces
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with the depth, whereas the mostrough - decreaces.
The particules from 0.01 to 0.05 mm were present
something more only in the surface stratum 0-5
cm, while in other strata their percent was less
and mainly constant.



Table 3. Some pedological peculiarities of different soil strata in

the oak forest ecosystem from the mountain of Galiica.

Ta6ena 3. Hekou NefoNowKH KapaKTCPHCTHKH Ol PA3/IHYHHTE NOYBCHM CIOCBH Ha NaGOBHOT WIYMCKH eKOCKHCTEM Ha [annynua.

Depth in em - [Ina6ounna Bo cm 0-5 5-10 10-15 15-20
Soil texture in % 0.01 mm 28.80 31.28 32.76 34.66
e 0.01-0.05 | 16.93 15.48 15.23 15.35

0.05 - 2.00 54.27 53.24 52.01 49,99

Humus content decreases with the soil
depth. From 5.06% in the surface stratum (0-5 cm)
to 2.32% in the deepest explored stratum (15-20
cm).

pH-value was almost the same in all strata
- from 5.14 to 5.28 in water and from 3.80 to 4.21
in KCL, that means the soil presents an acid
environment.

2. The composition of the terrestrial
macrofauna

During the investigation period in the
structure of the terrestrial macrofauna the
following animal groups were present:

ANNELIDA
Glass Oligochaeta
Fam. Enchytraeidae'
Fam. Lumbricidae

ARTHROPODA

Class Arachnida

Order Araneina

Class Myriapoda

Order Diplopoda

Order Chilopoda

Class Insecta

Order Coleoptera (larvae and imagines)

Order Hymenoptera (mainly fam.
Formicidae) :

Order Diptera (larvae and imagines)

Except these animal groups, several groups
more were registered, such as for example Mollusca

(small in numbers of pulmonate gastropods) or
from Insecta (small in numbers of Lepidoptera).
Meanwhile, their individual numbers in the ter-
restrial fauna were so small that they were not
taken into consideration.

3. Density of communities of certain animal
groups

The community of terrestrial macrofauna
from the oak forest ecosystem of Gali¢ica was not
so numerous as in many other forest ecosystems,
particularly to those of Middle Europe. It seems
that one of the important factors which limited
numbers of the community was the soil moisture.
The examined area belongs to the semiarid region.
From the table II it could be seen that in October
the percent of moisture was about 20% and to
certain soil strata it even decreases to 10 percent.
Such low per cent of moisture almost is a normal
occurence during the summer period. This situa-
tion influences negatively to the life of the great
number of terrestrial animals, particularly to the
life of earthworms, to which we had made a special
consideration (Sapkarev, 1983a, 1983b, 1984).

In this relatively poor macrofauna two
annelid groupsofoligochaetes, Enchytraeidae and
Lumbricidae, were most abundant. Afterwords
were Diplopoda of Myriapoda and from Insecta
larvae of Diptera and Coleoptera. The remaining
animal groups were populated with lessnumbers,
which refers particularly to Areneina and
Formicidae (table 4).

Table 4. Density of the different animal groups of the macrofauna populated in the soil of the oak forest ecosystem from Galitica.

TaGena 4. I'ycTHHA Ha pa3NM4HUTE XHBOTHHCKH PPYNH BO MaKpodhayHaTa

HaceneHa Bo nousaTa off 1a60B WYMCKH eKocHeTeM Ha Danuunua.

1980 1981
XII X XI XII X XI XII

Year and months 1979
Animal groups X X1
Enchytraeidae % 372 528
Lumbricidae > 539 896
Araneina o 9.8 24
Diplopoda §~ 65 578
Chilopoda & - 4.0
Di { larvae § 336 208
e imagines g 4.0 .
§
larvae ; 252 218
Coleoptera { imagines B 128 2.4

41.2 88 400 392 08 56 =
661 392 656 496 184 320 400
- 0.8 0.8 08 08 - 08

- 344 152 - 08 116 4.0
8.0 8.0 58 08 08 16 16

248 88 192 48 48 9.6 304
0.8 - 0.8 - . 2 -

132 160 192 128 8.0 128 232
0.8 48 32 08 112 32 24
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. In addition different numbers in oak forest
ecosystem examined to various animal groups a
different relation in numbers on the different sites
examined was registered although they not exces-
sively distance each other as well as the variation
of the density of one and the same group in the
different autumn months in 1980. So, at the first
site examined, Diplopoda was dominant in num-
bers; at the second and third sites it was
Enchytraeidae, whereas at fourth and fifth sites
the dominant place belongs to group Lumbricidae.
So at first site in October diplopod’s settlement
reaches to 160 ind/m? at the second site
enchytraeidsin November- to 120ind/m? whereas
at fourth site in November lumbricids reached to
180 ind/m?.

Fromanotherside, the most frequent were
insect groups Diptera and Coleoptera and
lumbricides, which in all examined sites and in all
autumn months have been present. In thisregard
enchytraeidsare characterized although they were
with something less frequency than the previous
. ones. Itwas not case with diplopods, although they
belong on the category of the dominant groups.
Araneines, formicids and lepidopters were
especially with small frequency.
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On the diagramms of figure one are showed
the average quantitative values of the terrestrial
macrofauna from five sites examined during Octo-
ber, November and December in 1979, 1980 and
1981. From these diagramms the dominance of
both annelid groups,Enchytraeidae and
Lumbricidae, during autumn aspectin 1979 (even
454, resp. 400 ind/m? and 1980, followed by
Diplopoda in numbers (in November 1979 with
about 320 ind/m?) can be seen. In this year was
particularly interesting that the number of araneid
specimens decreases to almost 200 ind/m?.

Identical state was found in 1980 with a
difference of the previous year that the numbers of
araneid specimens was exceptionaly smal (under
200 ind/m?).

On the contrary to previous two years, in
1981 the number relations of the different animal
groups have changed quite a bit. So, enchytraeids
which in 1979 and 1980 were dominant, in 1981
their number value was so small that it was equal
to that of araneids, chilopods and formicids. It was
very interesting that in that year diplopods were
populated with a very small number of specimens,
too. Dominant group were lumbricids, but also two
groups of insects, dipterans and coleopterans.



Fig. 1. Average densities and vertical distribution of sevan animal groups of the soil to oak forest ecosystem from
Galitica during autumn months in 1979, 1980. and 1981.

Cn. 1. TIpoceyny rycTHHH H BEPTHKANHA IUCTPHOYIIHja ON CCAYM XHBOTHHCKHM MPYNH O] NOYBaTa Ha nabos
uIyMCKH ekocHeTeM ol Fannunua Bo ecencku meceun on 1979.. 1980. u 1981 roguna.
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4. Annual variation of the density of com-
munities

From the diagramms of the figure 1 it
could be seen annual variation of the autumn
period 1979 - 1981 for more abundant animal
groups of the soil macrofauna. It was registered
that the number of specimens of enchytraeids
decreases from 1979 to 1981. Almost the same
direction of the annual variation had the diplopods.
This kind of annual variation was registered on
the sites I, II and IV for lumbricids but not the
same on the sites III and V. Finally, the annual
variations to the numbers of dipterans and
coleopterans was different on the different sites
explored.

5. Vertical distribution of the density of
communities

The vertical distribution for most of the
animal components of the terrestrial fauna in the
examined forest ecosystemreaches to adepth of 25
cm. Only lumbricids were found to 30 cm depth. In
the autumn period of all three examined years the
density of settlement for the most of animal groups
had such vertical distribution was such that the
density decreases from the surface towards the
deeper soil strata. Only in December of that period
a certain tendency appeared that some of deeper
strata to be denser populated than another soil
strata. This tendency was observed for all three
years of investigation.

DISCUSSION

In the composition of terrestrial
macrofauna from the explored ecosystem mainly
~ took part two animal groups: Annelida and
Arthoropoda. The present of Mollusca was
registered but the specimens of their gastropod
representatives was minor and because of that it
was not taken into consideration. That was the
case with some larvae of the insect group
Lepidoptera. The annelids were represented by
oligocaete’s Enchytraeidae and Lumbricidae
whereas arthropods from Arachnida (with
Araneina), Myriapoda (Diplopoda and Chilopoda)
and Insecta (Diptera, Coleoptera, Lepidoptera and
Hymenoptera). Almost identical case was with the
terrestrial macrofauna of the forest ecosystem
Quercus pubescens on the hill of Katlanovo in
North Macedonia (Naumovski, 1981).

According to Ghilarov (1965) for classifica-
tion into groups, the trophic structure of the
pedozoocenose of the examined forest ecosystem
could be divided into four basic trophic groups:
saprophages, phytophages, zoocphages and omni-
vores. Saprophages were dominant group among
which the most important are lumbricids and
diplopods; after that phytophages mainly repre-
sented by the insects; considerably less are
zoophages (chilopods and araneins) and omni-
vores (ants). In regard to connection of
macrozoobionts for the soil (Ghilarov, 1965), there
were typical geobionts, among which the most
important were enchytraeids, lumbricids and
formicids. Also an important part were geophilous
(almost all insects) and only an insignificant part
was represented by geoksenes (pulmonate snails
and butterflies) which, more or less, incidently
were present in the soil.
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The population density in the macrofauna
wasthe highest of Enchytraeidae and Lumbricidae,
after that were Diplopoda from myriapods and
from insects larvae of Diptera and Coleoptera.
Other animal groups were populated with signifi-
cantly less number of individuals Araneina and
Formicidae especially. In the investigations by
Naumovski (1981) in the oak forest ecosystems on
hill of Katlanovo (Macedonia), insects and
lumbricids were dominant. Among the soil ani-
mals from the forest ecosystem of Poland, larvae of
Diptera and Coleoptera have been most abundant
(Olechowich, 1986).

As far as vertical distribution concerned it
could be said that autumn period population den-
sity of the most number of animal groups de-
creases with the depth and only in December there
are a tendency some of deeper strata to be densier
populated than othersoil strata. One of the reasons
for such autumn vertical distribution of
macrofauna groups was temperature, because in
that month 1979 and 1980 a cold spell hurriedly
has set in soil, so that the temperature in the soil
strata increased with the depths.

Finally, the annual variation of soil
macrofauna in autumn period was charecterized
by making a big difference among different animal
groups. So, the numbers of enchytraeid - and
diplopod-individuals decreases from 1979 to 1981.
Something like this, but not in all examined sites,
were the lumbricids, whereas dipterans and
coleopterans there were a different dynamics at
different examined sites.



CONCLUSIONS

The investigation of terrestrial macrofauna
were carried out in the soil of a protected area of
the oak forest ecosystem on the mountain of
Galid¢ica. Quantitative samples were taken in au-
tumn period (October-December) 1979, 1980 and
1981. Simultanously, some of phisical-chemical
pecularities were taken. The results of these in-
vestigations can be summarized as follows:

- in average for the all autumn period the
soil was equally warmed up (6.1°C in 1979, 6.2 in
1980 and 5.7 in 1981). It has gotten cold in Decem-
ber (2.1°C in 1979 and 2.2°C in 1980) and in
November 1981 2.2°C;

- percentage of a soil moisture as a rule
decreases with the depth and it increases from
October to December. On the whole taken for all
autumn period the highest moisture was regis-
tered in 1980 (in average 29.38%) and the lowest
in 1981 (25.33%);

- in regard to mechanical composition of
the explored soil the particles from 0.05 to 2.00 mm
were dominant (49.99 - 54.27%); the particles
smaller of 0.01 mm - 28.80 to 34.66% whereas the
particles from 0.01 to 0.05 paricipate with 15.23 -
16.93%. Amount of the finest particles increases
with the depth, while the amount of rawest parti-
cles decreases;

- humus content decreases with the soil
depth (from 5.06% in the stratum of 0-5 cm to
2.32% in the stratum of 15 - 20 cm);

- the explored soil was acid environment.
pH-value was between 5.14 and 5.28 and almost
the same in all strata;

- in the composition ofthe pedomacrofauna
the representatives of annelids took place with the
group Oligochaeta and arthropods mainly with
groups Arachnida, Myriapoda and Insecta. Mol-
luscs with pulmonate gastropods of the group
Stylomatophora were very rare;

- taking in whole the animal settlement
was relatively poor. Annelids were dominant in
numbers as well as diplopods of Myriapoda and
insects (dipteran and coleopteran larvae);

- variations in numbers of enchytraeids
and diplopods in the autumn period of three
examined years were characterized by a decrease
from 1979 to 1981. Something like this there were
lumbricids, but such direction of variations was
not registered by the larvae of dipterans and
coleopterans;

- for the most of animal components the
vertical distribution reaches to a depth of 256 cm
and only lumbricids were found to 30 cm depth. In
the autumn period of explored years the density of
settlement from most animal groups decreases
from the surface towards the deeper soil strata.
Only in December of that period a certain ten-
dency appeared that some of deeper strata to be
denser populated than another soil strata.
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TOJIMMITIO BAPUPAIBE IHA TEPECTPUYIIATA MAKPODAYIIA
BO ECEIICKHM IIEPHO/1 O/ IYMCKH EKOCUCTEM IIA
HAHMOIIATIIHOT HAPK ,,FAIHYUTIA”

Jonue A. IATIKAPEDB

PE3SMUME

HcrpaxyBawaTa Ha TepecTpHiHaTa MakpodayHa ce BPLIEHH BO IIYMCKa No4Ba Off 1a00B €KOCHCTEM Ha
[aHYMIla BO ECEHCKH MEPHOJL, BO TEK Ha TPH rofiuHM (1979-1981). Hanopeo co oBHe HCIIUTYBakha, HCTPaXKyBaHH
Ce W HEKONIKY eceHIMeNnHH (hu3NIKO-XeMUCKH M nefonowku dakTopu Ha cpefunara. Pesaynrature of osue
HCTpaXKyBaka 61 MoXeJie Ha KpaTKoO [1a ce CBeJjaT Ha CNCTHOTO:

- BO IPOCEK 32 HCTPaXYBaHHOT eCEHCKH Nepuof noyBaTa Gelie nojielHakBo 3arpeata (6,1°C o 1979;6,2
Bo 1980 1 5,7 Bo 1981 rosuna). IMoroneMo 3anangysame Geine 3abenexano Bo aekemep (2,1°C Bo 1979 u 2,2 Bo
1980) u Bo HoemBpu 1981 roguna 2,2;

- IPOLIEHTOT Ha BJIaXHOCT Ha [o4BaTa 1o NpaBwio onara co yrabo4nHaTa, a ce 3rolieMyBa O] OKTOMBPH
KOH fIeKeMBPH. 3EMEHO BO 1IeJIHHA, 32 LIEJIHOT eCeHCKH NCPHOJ1 Hajronema BiaxHocT Oellle KOHCTaTHpaHa o 1980
(29,38% Bo npocek), a HajMana Bo 1981 rop. (25,33% ). MHOTy HM30K NPONEHT Ha BIaXKHOCT (elle perucTpupaH
BO okToMBpH 1981 roj. Bo nousennot cnoj 15-20 ecm (10,49% ), a HajBUCOK BO NOBPIIWHCKHOT CJI0j O ICKEMBPH
1980 (48,72%);

- BO MOTJIE/] HA MEXaHWYKMOT COCTaB Ha NnovusaTa AoMHUHHpaa vecTUIKH 0,05-2,00 MM co 49,99-54 27%;
yecTHuKH nomanu ofi 0,01 MM yuectryBaa co 28,80-34,66%, nopeka yectuukure of 0,01-0,05 MM Gea Hajmanky -
15,23 1016,93% . KBaHTUTETOT 0l Haj(hMHU YECTHYKM pacTe co AnabounHaTa, Ioficka Toj O HajrpyOuTe YeCTHUKH
omnara;

- KOJIMYECTBOTO Ha XyMYCOT ofnara co nabounHara, n Toa o1 5,06% Bo cnojor 0-5 cM 10 2,32% Bo cniojor
15-20 cm;

- Tnoto 6eure cnabo kuceno co pH-BpepHocT nomery 5,14 u 5,28 1 CKOpO UCTO BO CUTE CIIOEBH;

- BO COCTABOT Ha nejomakpoaynara 6ea npucyThu npercrasHunm o Annelida co rpynara Oligochacta
u Arthropoda co Arachnida, Myriapoda u Insecta. Beine peructpupana u Mollusca co mynMoHaTHH racTpoIioiu of
rpynara Stylomatophora, Ho Gelue 3acTanena MHOTY peTKO;

- Hacenbara Ha MakpodayHata Gele peNlaTHBHO CHPOMAILHA CO IOMHUHUPaH:E Ha aHCJIH/IX, AUIIONOH
M napBeHa ¢rayHa Ha IMNITEPCKUTE U KONCONTEPCKHTE HHCCKTH;

- BO €CEHCKHOT AaCHEKT OfI TPHTE HCHHMTYBAHW TFOAMHH, BAPUPAH-ETO HA TYCTHHATa Ha HacenbaTa Ha
E€HXHTPEHJIUTE U IMIJIONONIUTE ce OfiBUBAlLIEe BO NpaBell Ha onaramwe Ha OpojHOCcTA Ha efiMHKHTE 01 1979 KoH 1981
rofuHa. Heurro ciM4eH TOK Ha BapHpakbse Oellie perucTpHpaH M Kaj nyMOopuumauTe. MefyToa, TaKBH IPABUITHOCTH
He Oea 3a6enexaH BO ryCTHHATa Ha IKITEPCKUTE M KONCONTEPCKUTE NIapREHH HacenOu;

- 32 HajrosieM Gpoj XXHBOTHHCKH IPYIH HABNCTYBAMKCTO BEPTHKAIHO BO I0YBATA H3HECYBatne 1o 25 cM
nnabo4una (a 3a nymOpuumauTe 1 10 30 cM). 3a eccHCKHOT nepuoj, Gellie BOCTAHOBCHO FYCTHHATA Ha HacenbaTa
of HajrozieM 6poj XXMBOTHHCKH IPyNy Jla onafa ofi NOBpIIMHATA KOH nonabokuTe nouncHu cnoesn. Camo Bo
aekeMBpu 6Gellle perucTpUpaHa TCH/ICHIM]a 3a HaceNyRakhe co noronem 6poj efIMHKK BO HCKOH O] No1aboKuTe
CIIOCBH.
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