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IN MEMORIAM 
Dr Radomir-Raca Ilic 

(1938 - 1998.) 

Dana 20.05 .1998. gocline, ugasio se zivot istak­
nutog profesora sa Odseka za geografiju PMF-a u Pristi-
ni. 

Prof cir Raclomir Ilic je roc1en 22 .11.1938. gocline u 
selu ReCica, Opstina Bojnik. Diplomirao je na Odseku 
za geografiju PMF-a u Pristini 1974. gocline. Magistrirao 
je 1976. gocline na Geografskom fakultetu u Beogradu, 
i doktorirao na istom fakultetu 1980. godine. 

SvojLI radnu karijeru profesor IliC je zapoceo kao 
nastavnik u osnovnim skolama u Janjevu i Lecu od 
1960. gocline, a od 1978. gocline radio je kao profesor u 
sreclnjoj skoli LI Nisu. Godine 1987. , izabran je za clo­
centa, a 1992., za vanreclnog profesora PMF-a u Pristini. 
lJ toku je bila procedura za njegov izbor u zvanje 
redovnog profesora, aH to zvanje nije doziveo. Njegovu 
Llzlaznu liniju u naucnoj u pedagoskoj delatnosti pre­
kinula je relativno rana smrt u 60-toj godini zivota. 

Svojim radom na llniverzitetu u Pristini, kako u 
obrazovnoj, tako i u naucnoj i opste-drustvenoj de­
latnosti , profesor Radomir Ilic se afirmisao kao veoma 
istaknut i zaslufan pedagoski i naucni radnik. Njegova 
predavanja studentima bi la su veoma jezgrovita, jasna i 
sadrfajna. Mentorisao je znatan broj diplomskih radova 
stL1dentima, a "proizveo" je i jednog doktora nauka i 
pripremao jos jednog. Svojom edukacijom, struenoseu 
i korektnim odnosom, a iznad svega svojom dobrotom, 
stekao je veliki ugled i bio postovan mec1u stL1dentima, 
kao i meau svojim kolegama. 

Njegov inventivni i kreativni duh je dosao do 
punog izrafaja u naucnoj clelatnosti . Po oceni emi­
nentnih naucnika, po naucnoj vrednosti spada u sam 
vrh geografske, posebno hidroloske nauke u nas. 
Meau dvadesetak njegovih radova su i tri vredne 
knjige. lJ monografiji Vode- prirodne zakonitosti in-

filtracije padavina, koja je stampana na srpskom i en­
gleskom jeziku i distribuirana u sve velike svetske bi­
blioteke, profesor Ilic prezentira naucnoj javnosti 
nave, naucne (matematicko-geografske) metode za 
utvroivanje prirodnih zakonitosti infiltracije padavina, 
kojima se re5avaju vafoa pitanja vodnog bilansa. Za 
stvaralacki opus Radomira Iliea maze se reCi da ima ne 
samo teoretsku vec i prakticnu oclnosno aplikativnLI 
vrednost. Takvu vreclnost ce imati i njegova najnovija 
knjiga , koja je U Stampi , a LI kojoj je takoue dosao do 
novih otkrica u svetskoj hidrologiji. Primenom rezul­
tata istrazivanja iz te knjige, clod ee do ukidanja skoro 
svih voclomernih stanica, sto bi bila velika ustecla. Ko­
lega Ilic se nije ograniCio samo na radove iz Hiclro­
logije. On je jeclan ocl aL1tora Enciklopedije srpskog 
narocla u kojoj je zastupljen sa 13 oclreclnica o Kosovu i 
Metohiji. Svojim naucnim raclom profesor Ilic je ciao 
ve liki doprinos razvojLI nase i svetske hiclrologije. Ti­
me, kao i ucescem na brnjnim naL1cnim i strucnim 
skL1povima, u zemlji i inostranstvu, on je closrojno re­
prezentovao nas Oclsek za geografiju , PMF i llniver­
zitet u Pristini. 

Kao zasluznom naucnom raclniku, Ministarstvo za 
naukLI i tehnologiju Republike Srbije, poverilo mu je 
clufoost rukovoclioca potprojekta "Fizicko-geografski 
procesi na Kosovu i Metohiji" 

Tu cluznost je, na nase zadovoljstvo i zaclovoljstvo 
Ministarstva uspesno izvrsavao. 

Profesoru !lieu pripadaju velike zasluge za po­
kretanje i izlafrnje naseg Zbornika raclova, ciji je bio 
glavni i odgovorni urednik. 

Njegov odlazak na vecni pocinak predstavlja ve­
liki i nenadoknadiv gubitak za nas Oclsek i llniverzitet 
u Pristini , a po'sebno za njegove najbli ze saraclnike. 
Plemeniti lik naseg dragog Radomira - Race Iliea krasile 
su najlepse ljudske vrline: postenje, cestitost, iskrenost, 
dobronamernost i humanest. lJ nas kolektiv L1nosio je 
vedar duh i prijatno raspolozenje. Zaista je bilo veliko 
zadovoljstvo druziti se s njim. Na falost, posle po­
rocliene tragedije, koja ga je zaclesila smrcu njegovih 
mezimica - kcerki Ljilje i Nele, koje je ne izmerno voleo, 
njegovo e mocionalno stanje se znatno promenilo. Bio 
je cesto tufan, cleprimiran i razocaran . Kao cla je zeleo 
da sto pre ode u zagrljaj svoj ih kceri, koje su ga napu­
stile u cvetu svoje mladosti. Od tada, smisao svog 
zivota nalazi u pisanju naucnih raclova, koje posvecuje 
kcerkama. 

No, bez obzira sto za sobom nije ostavio biolosko 
potomstvo, profesor Radomir Ilic ipak nije otisao bez 
traga. Ostavio je vredno naueno delo po kojem ce se. 
njegovo ime veeno spominjati i zbog kojeg se, kako je 
rekao Njegos, imao rasta i rocliti. To delo ce inspirisati 
mlade generacije za nova stvara lastva. 
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Nas Odsek za geografiju moze biti ponosan sto je 
LI svojitn reclovima imao coveka takvog kova, kao StO 
je bio prof. dr Raclomir Ilic. 

Neka mu je vecna slava i hvala ! 

Marko Knezevic 

Spisak radova 

Izvori Gornje Jablanice, Glasnik Srpskog geograf­
skog drustva , sv. LVII , br.2 , Beograd, 1977., str. 31-39 

Water resources of the rivers Veternica , Jabla-nica 
:rnd Pusta reka, Collecta simposium, International geo­
graphical union , Belgrade, 1978., str. 74-78 

Jablanica , Veternica i Pusta reka - hidroloske oso­
bine i vodoprivredni znacaj, Posebna izdanja Srp-skog 
geografskog drustva , knjiga 16, Beograd, 1978. 
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Odsek za geografske nauke, PMF, Beograd, 1980. 
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skog drustva , sv. LXIII , br.2, Beograd, str. lil-17 

Vodni bilans sliva Lepenca, Geogmfska istrazi­
van ja, br.9, Geografsko drustvo Kosova , Pristina, 1988., 
str. 115-123 

Reka Erenik - veliko voclno bogatstvo, Geo­
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sova, Pristina, 1989., str.37-10 

Reka Toplica - hiclroloske osobine i zagaai-vanje , 
Geografska istrazivanja, br. 11, Geografsko dru-stvo 
Kosova, Pristina , 1990., str. 28-32 

Zavisnost srednjegoclisnjih vrednosti koeficijena­
ta podzemnog oticaja od s rednjegodisnje visine pa­
davina u recnim slivovima SR Srbije, Zbornik radova 
XIII kongresa geografa SFRJ ( 1989), Savez geografskih 
drustava Jugoslavije i Geografsko drustvo Kosova, 
Pristina, 1991., str. 109-116 

. Geografski metod proucavanja rezima inl1ltrnci ­
~n1h .spc::isobnosti. recnih slivova na prime ru Pl:wske 
1e ke 1 Tise, Glasn1k Srpskog geografskog clrusrva, sv . 
LXXl, br. 2, Beograd, 1991., str. 37-11 
. ~~nfilt.raciona svojsrva sliva Sirnice, Geografska 
1straz1van13, br. 12, Geografsko drusrvo Kosova Prisri-
na , 1991., str. 61-66 ' 

Geografski metod proueavanja rezima vodopro­
pustljivih sposobnosti recnih s livova na prime ru Belog 
Drima i Kolubare, Glasnik Srpskog geografskog 
drustva za 1992, str. 9-22. 

Vodopropustljiva svojst:va sliva Sitnice, Geograf­
ska istrazivanja , za 1992. Geografsko drustvo Ko-sova, 
u stampi, prilozen. 

Zavisnost, zasicenost i kapacitet kolektora pod­
zemnih voda ( izdani) u recnim slivovima, prilofrn. 
(isto) 

Vode I -Prirodne zakonitosti povrsinskog i pod­
zemnog oticaja. Monografija, NIU Vojska, 1996, 
Beograd . 

Vode II -Monografija , NIP Prosveta, oktoba r 1998, 
Beograd. 

Radovi prilozeni i prihvaceni 

1. Uticaj antropogenih faktora na promenu eleme­
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Zbornik radova III, Oclsek za geografiju , PMF-a, Pristi­
na, 1998. 

Dragan Raclovanovic 
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ORIGINAL SCIENTIFIC PAPER 

ON THE ORTHOGONAL DAMPING MATRICES 

BASIC Dragoslav, STOJIC Dragoslav, MESIC Esad 
University of Pristina 

Abstract 

The aim of the paper is the derivation of 
damping matrices for the dynamic systems with 
the discrete dampers. The experiments indicate 
that a substantial part of energy absorption takes 
place in specified points or locations of the sys­
tem. Testing such systems, one can obtain the 
modal damping ratios but they can not be used to 
describe appropriately the damping in a single 
damper. 

The damping of such isolated parts should 
be described in absolute terms, i.e. viscous damp­
ing coefficients. To achieve this objective, the 

global damping matrix is formulated in coordi­
nates that represent motion of the system at the 
ends of a discrete damper. Damping uncoupling 
is then used to obtain the amount of damping ex­
hibited by each of the dampers. In this paper, the 
analysis is developed in these terms and general 
equations are derived. Some standard methods 
used to construct the orthogonal damping matri­
ces are also presented. This problem is not only 
significant in physics and engineering, but also 
in mathematics. 

Key words: Damping, orthogonal matrices, dynamic systems, uncoupling. 

INTRODUCTION 

In the dynamic response analysis of linear elastic 
systems, it is necessary to define the mass, stiffness and 
damping properties of the system. It is usually easy to 
construct the first two matrices but it is extremely diffi­
cult to evaluate the clamping characteristics. The start­
ing assumption in the dynamic response ana lysis is the 
linear viscous character of the damping. This assump­
tion does not affect the form of the damping matrix. For 
the purpose of the mode superposition approach, the 
damping is assumed to be uncoupled and is given in 
each mode as a percentage of the critical damping. The 
selection of the realistic damping values is usually ba­
sed on the known physical properties of the system or 
on experimental evidence for the particular system or 
from the systems of similar geometty and materials. 

The complete damping matrix should be known 
in the case of direct integration of the equations of mo­
tion. If the stiffness properties are non-linear, for exam­
ple, the direct integration should be performed. Even 
in that case, it is desirable to retain linear viscous damp­
ing. This explains the necessity to develop a complete 
damping matrix. 

The paper is intended to present different meth­
ods to develop damping matrices w ith uncoupling 
conditions. The first and the simplest damping matrix is 
the one which represents so called Rayleigh damping. 
This matrix is directly related to the mass and stiffness 
matrices through some arbitraty factors . Another wi­
dely accepted method is the extension of the Caughey 
series method. This method develops a damping mat­
rix that is some combination of the mass and stiffness 
matrices but is not proportional to them. Finally, a 
method which has the characteristics to be direct eva­
luation of the damping matrix will be presented. 

Beyond these classic methods, the paper is con­
tributing with a method which is appropriate for the 

dynamic systems with the discrete dampers. It means 
the dampers which are located along specific degrees 
of freedom. The method offers solution for the numeri­
cal values of the clamping influence coefficients for 
each of the dampers . The orthogonality condition is 
used for such a solution. Physically, this could be un­
derstood as the distribution of overall energy dissipa­
tion among the dampers in the system. 

CONDITIONS FOR DAMPING 
ORTHOGONAIJTY 

In the derivation of the normal-coordinate equa­
tions of motion, it has been assumed that the normal­
coordinate transformation setves to uncouple the 
damping forces in the same way that it uncouples the 
inertia and elastic forces. The vibration mode shapes in 
the damped system will then be the same as the un­
damped mode shapes . The mode-shapes have the 
meaning of eigenvectors. 

The equations of motion have the fo llowing gen­
eral matrix form 

(1) m + cir + kv = p(t) 

v\.'here m, c, k, and p are the mass matrix , the 
damping matrix, the stiffness matrix, and the force vec­
tor, respectively. All degrees of freedom, i.e. coordi­
nates, are included in the vector v. Two subvectors, 
group the coordinates with and without damping 
forces in them. 

The uncoupling will occur if the following condi­
tion is satisfied 

(2) mt: n 

where <l>m and<!>,, are the mode shapes associated 
with rom and co,, frequencies , respectively, and c is the 
damping matrix. 
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Rayle igh [1] showed that a clamping matrix of the 
fo rm 

(3) c = a0 m + a 1 k 

whe re a0 and a1 are arbitra1y proportionality fac­
to rs, w ill sati sfy the orthogonality condition. It is evi­
de nt that a damping matrix proportional to the mass 
and/ or stiffness matrices w ill permit uncoupling the 
equations of motion. 

The general form of a viscous cla mping ma trix 
with o rthogonal properti es was orig inally de rived by 
Caughey [2]. The exte nsio n of the Caughey se ri es 
method [3] produced the cl amping matrix of the fol ­
lowing form 

(1) c = m I b ai, [m -1 k ]b, 

b = 0, 1, ...... ., N-1 

w he re ai, is the unknown damping constant and 
N is the numbe r of dynamic degrees of freedom . 
Damping consta nts can be fo und from the follow ing 
set of equati o ns 

(5) ~r = [ a0 I w, + a 1 w,. + a2 w,3 + 

aN-l w/N-3 ]/ 2 , r = 1,2, .. .,N 

+ 

w he re l;, is the damping ratio and w, is the fre­
que ncy in mode r. Fo r exa mple , to eva luate the coe ffi ­
cients to provide for three specified damping ra tios, the 
equations resulting from eq .(5) would be 

(6) [
S1] _l_ [w1:: co, col : l ~ o 
s2 - ? co 2 co 2 co 2 a 1 

s_i - co j 1 co5 co / a 2 

While the above procedure for eva luation of 
clamping matri ces is sound theoretically, serious nu­
merical difficulti es a rise that make it impractical whe n 
the numbe r of degrees of freedom is large . 

Anothe r approach which re presents some kind of 
a direct evaluation of clamping matrix leads to the fol­
lowing formula 

(7 ) c = m[ I, (2l;,,co,, I M,,)¢11 ¢/] m 

n = 1, 2, ...... , N 

w he re M" is the gene ral mass in mode n . In this 
equati on, the contribution to the damping matrix fro m 
each mode is proportional to the mode damping ratio . 

It is importa nt to no te that the modal damping ra.­
tios are the most effective measures of the damping in 
the system w he n the a nalysis is to be carried out by the 
mode supe rposition method . Hence the clamping ma­
trix w ill be needed in explicit fo rm primarily w he n the 
dynamic resp onse is to be obtained by some othe r 
analysis procedure , for exa mple, step-by-ste p integra­
tion . 

As it is said in the introducto ry part o f this paper, 
the aim of the ana lysis is the de rivation of da mping ma­
trices for syste ms with the discrete dampe rs. Such sys­
tems are n o t imagina1y but rea l a nd practical syste ms as 
those w hich could be found in structures w ith fl exible 

connections [4], [5]. Among the m, the timber structures 
are typ ica l examples. The expetime nts ind icate that 
substa ntial part o f e ne rgy absorption takes place in the 
flexible connecti ons of these structures, w hich means 
that they behave as the syste ms w ith the discre te damp­
e rs. From the tests on such rea l syste ms, one can obtain 
the modal clamping ratios but they can not be used to 
describe appropriate ly the damping capac ity of a sin­
gle jo int. The clamping of such isolated parts should be 
described in absolute te rms, i.e . through the viscose 
damping coefficie nts. To achieve this objective, the 
global clamping matrix is fo rmulated in coordinates 
w hich represent dyna mic degrees of freedom and also 
the motion of membe rs connected by the clescrete 
dampers. Damping uncoup ling is the n used to obtain 
the amount of damping exhibited by each of the dis­
crete dampers. 

It should be noted that the modal clamping ratios 
for a system are know n eithe r from experiments or 
from e ng ineering judge me nt but the clamping contri­
bution of each jo int w hich be haves as the discrete 
dampe r, is unknown. In the g lobal clamping matrix of a 
syste m in w hich the connecti ons a re the only dampe rs, 
the influe nce coefficients are actually the coefficie nts 
associated w ith the clamp ing forces in particular con­
nections. If the procedure of de riving uncoupled equa­
tio ns of moti o n is fo llowed , w hich ·a lso means the satis­
fac tion of o rthogonality conditio n of the clamping ma­
trix, a set of equations w ould be obtained that re late the 
mode-shapes, the cla mping coeffici e nts, and the modal 
cla mping ratios . From these equati ons, it is possible to 
compute e ithe r viscous cla mping coe ffici e nt for each of 
the discre te dampe rs, o r the ir re lative values. It means 
that the clamping uncoupling imposes certain rule on 
the clamping distribution a mong the discre te dampe rs. 
This w ill be the bas is for the approach used furthe r in 
the analysis. 

Unde r some excitation, the undamped la teral vi­
b rations of a syste m, for exa mple a frame structure, can 
be described in a number of displaceme nt compo­
ne nts, le t say N, w hich we refe r to as the dyna mic de­
grees of freedom. It should be noted that the dynamic 
degrees of freedo m a re associated with the displace­
me nt coordinates in w hich significa nt ine rti a fo rces are 
deve loped, meaning the late ral displaceme nts in the 
case of a frame structure . 

In general case, the vector of clamping forces may 
be expressed through the clamping matrix in the parti­
tioned form 

0 0 0 0 ... 0 .. . w 
0 Cr1 0 o ... o.. . v,.1 

(8) t<l =CV = I 0 0 L r2 o ... o... v,2 

0 0 0 0 .. . Crn ... j I Vrn 

w he re the meaning of submatrices is as fo llows: 
fcl - the vecto r o f cla mping fo rces; c - the syste m damp­
ing matrix; v - the displaceme nt vecto r; er - the 
damping submatrix for the coordinates in which a dis­
cre te clampe r is located ; vt - the displaceme nt vector 
for a ll coordinates w ithout a dampe r in them; vr - the 



displace ment vector w ith the displacements on both 
sides of a discrete damper. These displacement vectors 
a nd matrices have the fo ll ow ing expanded fo rm 

(9) 

11 -n 
crn =c"L- i lJ 
v/ = [v11 V1 2 ··· v1N) 

I v 1111 l 
vm =Lv J 

ml 

w he re en is the damping coefficie nt o f the dash­
pot in the joi nt n . 

Pe rforming the undamped free vibration analysis 
in the exte nded numbe r of displaceme nt compone nts, 
the frequencies and the mode-shapes can be obtained . 
The mode -shape matrix partitioned accordingly 
would have the following form 

<P/n ¢/2> </J/ iYJ 

</J,.1 (I) </J,., (2) </J (NJ r l 

(10) <!>= </J,2 Cl> 
</J12 

(2) 
</J,2 !NJ .. 

r/Jn1 
(I) 

r/Jrn (2) .. </J !NJ 
II . . 

V.' he re the superscript means the mode number. 
The mode-shape subvector, w ith two compone nts, has 
the form 

(11) 
I u) l 

A- (i) = ~ n f l 

't' I'll l.i- (i) J 
\f' r11l. 

Since the number of di splaceme nt coordinates is 
equal or g reater than the number of dynamic degrees 
of freedom, the mode-shape matrix should not be a 
square matrix necessarily. 

Damping uncoupling is stated w ith the follow ing 
relation 

(1 2) 

<DTc cD = 

121vr,E, ,ro, 
I 
I 
I 
I 
L o 

0 l 
I 
I 
I 
I 

2M i\,S tvffi N j 

Pe rforming detailed matrix multiplication in 
eq. ( 12 ), a nd also observi ng the final expression for 
cm in eq.(9), one comes to the following set of equa­
tions 

(1 3) 

( Lc,,M ,.,,en~~ ,.,/1) ) 

II i J=1,l, .,N 

{
2M1E, 1ro 1 . i = j 
0, i 1= j 

in w hich diffe re nces in mode-shape coordinates 
have the meaning of re lative motion on both sides of a 
discre te damper 
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(11) 

In eq. (1 3), the summa tion goes over all joints in 
w hich there is a discrete dampe r. 

In gene ral case of a dynamic system with N dy­
na mic degrees of freedom, the uncoupling procedure , 
eq.(13) resu lts in a system of N(N+l)/ 2 equations. It 
means that we may have just the same number of un­
known viscous damping coefficients. In the number of 
N(N+l)/ 2 unknown parameters some of the moda l 
clamping rat ios could be incluclecl a lso, but not a ll of 
them. At least one of the m, pre ferably the fund amenta l 
mode da mp ing ratio , should be known to make the 
system of equations non-homogenous. The case of a 
larger numbe r of unknown clamping coefficients than 
the numbe r of available equatio ns w ill result in relat ive 
va lues be tween coeffi cie nts . 

CONCLUSION 

In an effort to track the damping sources a nd the ir 
features in some dynamic systems, the present ana lysis 
offers a correct analytical procedure for the clamping 
distribution among the discre te dampers . 

The experime nts de monstrate that substantia l part 
of energy absorption occurs in specified points of some 
dynamic systems. Exa mples of such systems a re struc­
tures, especia lly the timber structures since they be long 
to the group of prefabricated systems. 

However, the discre te dampers could be found in 
other fi e lds of engi neering and physics also. 

Some standard procedures fo r evaluation of 
clamping matrices are presented in thi s paper also . The 
assumptio n adopted in these procedures is related to 
unknown sources of damping in a dynamic system. 
The method developed in the pape r o ffe rs a correct 
analytical procedure fo r eva luatio n o f clamping matri ­
ces in syste ms w ith the discre te d ampe rs. The uncou­
pling between clamping forces is rhe basis for thi s ap­
proach. The result is not o nly the d amping matrix of the 
system, but :1 lso the amount of ene rgy absorption in 
each of the discrete cl:1mpe rs. 
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Rezitne 

0 ORTOGONALNIM MATRICAMA PRIGUSENJA 

BASIC D., STOJIC D., MESIC E. 
Univerzitet u Prist ini 

Cilj ovoga rada je izvodjenje matrice prigusenja za 
sisteme sa diskre tnim prigusivacima. Kod mnogih di­
namickih siste ma je testovima utvrdje no da se znacaja n 
deo energije apsorbuje u odredjenim tackama iii loka­
cijarna sistema . Ekspe rime nti ma se mogu da dobiju 
modalni koefi cijenti relativnog prigusenja ali oni ne 
mogu da pokafo koliko se energije apsorbuje u sva­
lm m od diskretnih p rigusivaca. Prigusenje u takvim 
posebnim delovima siste ma treba da bude prikazano 

preko apsolutnih pokazate lja, tj . pre ko koefi cijenata 
viskoznog prigusenja. Da bi se postigao ovaj cilj, glo­
balna matrica prigusenja se fo rmulise preko koordinata 
ko je predstavljaju pome ranja siste ma na krajevima sva­
kog prigusivaca. Postupak neveziva nja sila prigusenja 
se ovde ko risti da bi se dobili koeficijenti viskoznog 
prigusenja u prigusivaCima. Ovakvom anali zom se do­
slo do jednaCi na kojima se proracunavaju ovi koefi­
cije nti. ll radu su prikazane i standa rdne metode za fo r­
mi ranje o rtogonalnih matrica prigusenja. Formiranje 
ortogonalnih matri ca prigusenja, sem znaca ja u fi zici i 
in zenje rstvu, znaea jno je i sa matemati ckog as pekta. 
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ABSTRACT 

The uderpotential deposition and dissolu­
tion of thallium onto carefully chemically pol­
ished polycrystalline and single crystal copper 
(111) electrodes from acetate, sulfate and per­
chlorate solutions have been investigated using 
Linear Sweep Voltanunetry (L.S.V.). 

The voltanunetric behaviour of the polycrys­
talline copper electrodes was shown to be a com­
posite of the various single crystal structures in 
its surface. 

Voltammetry results on Cu(lll) single crys­
tal electrode showed thallium forming two un­
derpotential monolayers with close-packed crys­
talline structure. The assumption that the first 
closest-packed epitaxial part of the first thallium 
(more anodic) monolayer was formed by 2D first 
order phase formation is supported by: ex-

tremely small half height deposition peak 
widths, D.E; deposition peak to dissolution peak 
potential separation, D.EA-K; Frumkin adsorption 
isotherm factor g = 3.85, very close to 4; and the 
thallium monolayers peak potential dependence 
on thallium concentration. The full monolayer 
appears to be completed by higher order phase 
transformation. 

It appears that the deposition of the second 
thallium monolaycr on Cu(lll) proceeds sitni­
larly to the first layer, but the onset of bulk over­
potential deposition does not allow further de­
tailed analysis. 

A model of crystalline thallium closest­
packed epitaxial monolayer on Cu(l 11) surface 
is proposed. 

Key words: llnderpote nti al deposition , Liner sweep vo lta mmet1y, Cu , Tl , Phase fonmllion , Sing le crystal 

INTRODUCTION 

The knowledge gathered about metal deposition 
so far strongly suggests that the deposi tion of a meta l 
on a similar substrate a nd on a dissimilar subst rate , al­
though having many features in commo n, does exhibit 
important diffe re nces. 

Phase formation and e lectocrysta lli zation during 
deposition processes include incorporation o f adatoms 
(adions) into already existing c1ysta l lattice, or thei r 
gathering together to form nucle i of a new c1ystal 
latt ice 1• 12. 

In addition , despite extensive studies of meta l un­
cle rpote ntial deposition there have been some impor­
tant proble ms still unresolved . These related princi­
pa lly to the nature of the mo nolaye r (adsorbed or ctys­
talline ), the interpretation of the linear sweep vo ltam­
mogram peaks, phase changes w ithin the mono layer, 
the kinetics o f the crysta lline mo nolayer formation, if 
any, and the relevance of the UPD monolayer to the 
overpotential deposition process. 

The system selected for the study was thallium on 
copper polycrystals and s ingle crysta ls. The uderpote n­
tial as well as overpotential deposition and their possi­
ble mutual interdependence we re investigated. The 

substrnte posses high hyd rogen evolu tion ove1voltage 
a nd therefore deposition of thallium is not complicated 
by hydroge n co-adsorpti o n processes. 

The techniques e mployed were linea r sweep volt­
ammetry and potent ial step. 

MATERIALS AND METHODS 

The experime ma l work described in this paper 
was done using linear sweep vo ltammetry (L.S.V.) 
technique. 

All potential programming of the work ing e lec­
trode was supplied either from a potentiostat ( "Hi-Tek 
Instruments" model DT2101 , o r two "Chemical Elec­
tro nics" models V150/ 1.5A, TR70/ 2A) in con junction 
with a "Chemical Electronics" waveform generator 
(type R.B.1 ). The waveform ge nerato r provided a ramp 
type voltage output for L.S.V.. 

The ce ll currents were recorded as voltages on an 
XY recorder (types "Bryans 26000" o r "He-vvlett Packard 
7015A") . To observe and record the current-time tran­
sients and other functions too rapid to be followed on 
an XY or Yt recorder, osci lloscopes ("Tektronix" 547 or 
5030) were employed. 
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The cell used for the L.S.V. experiments is pre­
sented in Fig. 1.. The cel l was made enti rely of g lass. 
The working electrode, C, and Luggin capill a1y, L, were 
positioned in syringe barrels to e nable adjustment to 
give the best positions and mutual distances of the two. 
The counter e lectrode, A, was e ither a platinum disc or 
a platinum mash disc 1. 5 cm2 in area , positioned paral-
lel to the working e lectrode. · 

- ~ ~-;--- -- - - -------. -----, 

c 

Figure I. The cell used for most of the L.S.V. and potenti al 
step experiments 

Working e lectrodes were small cylinders of poly­
crysta lline ("Koch - Light Laboratories", 99.999%) or 
single c1ystal copper ("Meta l Research Ltd.", 99.999%) 
0.8cm in diameter. These were sealed into Kel-F rod 
such that only the top surface of the metal cylinder was 
exposed to the solution . Great care was taken to e nsure 
that no leakage occurred around the side of the meta l 
c1ysta l. This was achieved by cooling the cylinder of 
copper in liqu id nitroge n before mounting in the hol­
low Ke l-F rod (drilled for a tight fit at room temper;_t­
ture), whi ch had been placed in boiling water so that 
insertion of the meta l a nd con traction of the plastic 
housing ensured a very tight fi t. Electrica l contact was 
made via brass solde red to the copper cylinde r. The 
re fe re nce e lectrodes housed at the e nd of the Luggin 
capillary were e ithe r a saturated calomel (S.C.E. "Rad i­
ometer K401 ")or lead w ire ("Koch - Light Laboratories 
Ltd.", 99.999%) sc:-lled into the glass ho lder. 

Pri or to use a ll glass-ware was soaked in a mixture 
conta ining equal volumes of concentrated nitri c and 
sulfuric acids to re move any possible traces of grease, 
then it was rinsed thoroughly in tap water, singly dis­
tilled and finally triply distilled water. The la tter was 
prepared by slow dist illation from a weakly alkaline so­
lution of KMn01 and the n from solution containing a 
trace amount of o rtho-H3PO,;. 

All solutions were made up from Analar grade 
chemicals ("B .D.H. Chemicals Ltd." and "Hopkin and 
Wi lliams Company", wi thout further purification) in tri­
ply dis tilled water. Prior to experiment, solutions were 
deaerated inside the ce ll by purging with a stream of 
purified oxygen-free nitroge n, for about 30-35 minutes . 
Nitrogen was purified by purging it through a solution 
of ammonia metavanadate, hydrochioric acid and dis­
tilled wate r ly ing o n top of25g, of amalgamated zincn 

The importance of e lectrode surface preparation 
cannot be overstressed in connection w ith the metal 
deposition work . The surface preparation procedures 
finally adopted for copper sing le c1ystal electrodes 
were result of investiga ting a numbe r of other methods. 
Criteria used to judge the success of each method was 
based on the best reproducibility of experime nta l data 
and the clearest de lineation of various fea tures on the 
voltammetric characte ristics. The polishing process 
consisted of two stages, the first mechanical and the 
second chemica l. 

Firstly, the e lectrodes were polished on selvyt 
cloths ("Buchle r Ltd.") impregnated w ith alumina 
("Buchle r Ltdu 5.10-/icm and 3.10-';cm grade, and "Ban­
ner scientific Ltd ." 1.10-5cm and 3.10-5cm grade). Ini­
tia lly the largest grade was used a nd the n progressively 
smalle r ones down to the smallest, until the electrode 
had a mirror-like appearance free from sc ratches or 
blemishes. These mechanical polishing steps v-:ere al­
ways performed manually rather than on a polishing 
machine, which was less convenient to use. Before 
each experime nt copper single c1ysta l e lectrodes were 
chemically polished using a modified version of a pro­
cess described e lsewere m1' i. 

The three copper sing le c1ystal s ( 111 ), ( 110) and 
( 100) had to be chemically polished unde r somewhat 
different conditions if the result was to be up to the 
standard . The p ol ishing mixture containing 33vol.% 
each of concentrated Analar g rade HN03, glacial acetic 
acid and orthophosphoric acid , was common ro all 
copper e lectrodes used. The differe nce in treatment 
between polycrystalline and each of the copper single 
c1ystals began w hen the temperature of the polishing 
agents and the time of imme rsion was to be decided. 

The (111) oriented sing le c1ystal was imme rsed 
for 3 seconds in the acid mixture heated to over 75"C 
w hile stirring, left w ithout stirring for anothe r 3 sec­
onds, the n stirred and aga in left still for 3 seconds, fi­
nally the solution was stirred, the electrode removed 
a nd washed under a strong stream of tap wa te r and 
eventually in triply di still ed wate r. The whole proce­
dure was repeated a second time. The n the electrode 
would be imme rsed in 30 vo l.% solution of othophos­
phoric ac id and st irred for 10 seconds, washed in tap 
water and finally w ith plenty of triply distilled water. If 
gas evolution occurred on the electrode imme rsed in 
the poli shing mixture ea rlie r than 3 seconds, then the 
time w hich the e lectrode spent standing still was made 
shorter. 

These polishing processes required a conside r­
able amoun t of practice before consistent results could 
be obtained . 

Examinations of the polished e lectrode surfaces 
under microscope and with X-ray e mission spectros­
copy revea led no contaminating e lements except very 
minute particles of alumina, bur these were very few in 
number (on the sample investigated one particle of alu­
mina was found in an area of about 0.25cm2). 

The amount of the copper dissolved in thi s che mi­
cal polishing process was re latively small. A single 
c1ysta l polished several hundred times would lose 35% 
of its volume . 



The investigation of a particular electrode solu­
tion combination always started with li9ear sweep volt­
ammet1y. In some cases it constituted the whole ex­
periment. 

The voltammogram itself was a direct indication 
of the nature of the electrode surface and consequently 
could be used to asses the degree to which the chemi­
cal polishing had been successful in producing a well 
defined c1ystal plane (in the case of the single c1ystal of 
course). For any particular system, repeated linear 
sweep experiments were performed before any addi­
tiona 1 measurement were made in order to establish an 
arbiter to which all future voltammetiy could be re­
ferred. Potential step measurements were made only if 
the linear sweep voltammetty was identical or ve1y 
close to the accepted arbitrary standard, which was the 
clearest delineation of the voltammetric features. The 
procedure described here for L.S.V. is that which en­
abled a given solution/ electrode combination to be 
used for a whole day's experiments without any dete­
rioration in the result over this period . 

Firstly the cell complete with working electrode 
(not yet freshly chemically polished) was rinsed thor­
oughly in tap, and triply distilled water. Then the cell 
was rinsed with the solution being used and finally 
filled with it. This was followed by deaeration with a 
rapid stream of nitrogen (scrubbed by a vanadous ion 
mixture) for about 35 minutes. During this process the 
working electrode was polarized at a potential some­
what positive to that where U.P.D . began. After the de­
aeration period, the working electrode was removed 
from the cell and chemically (or only mechanically) 
polished as described earlier and after thorough rinsing 
was placed back in the cell. Gas purging was continued 
in the cell scaled with a syringe piston while the chemi­
cal polishing was performed. It was resumed for an ad-
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ditional 5-10 minutes after the freshly polished '-''Ork­
ing electrode had been put into the cell. The process of 
polarizing the electrode during the gas purging acted 
as a mild pre-electrolysis method and impurities were 
removed from the solution. That this was the case 
could be seen by carrying out voltammetty with the 
electrode at the encl of the degassing period without 
chemical polishing, when markedly inferior results 
were obtained. Before the actual L.S .V. was recorded 
the cell was sealed off from the air by tight rubber cov­
ers being placed on the gas inlet and outlet. 

Voltammetric experiments were carried out in the 
normal way; the potential being cycled continuously 
and sweeps recorded when necessa1y at a variety of 
sweep speeds. 

RESULTS 

The llPD of thallium was carried out from solu­
tions containing different anions and different thallium 
concentrations: 

xM Tl2S01, + 10·3M HClO;, + 0.5M NaClo., 10·3rvis; x ::;10- 1M 

xM Tl2S00 + 10·3M HCI01, + 0.5M Na2S01, 10·3Ms; x ::;10·1M 

xM Tl 2SO,, + 10.3M HOAC + 0.5M NaOAC 10·3rvis; x s;10· 1i\•I 

For the reasons given earlier15,.16, it was not ex­
pected that deposition onto polyc1ystalline surface 
would be of much interest and this was confirmed by 
the voltammogram obtained, Fig. 2. Two distinct sets of 
cathodic and anodic peaks can be easily recognized, 
but because of their complex shape and because they 
are spread out over a relatively wide potetnial range 
( 250mV in the case of K1), any reliable conclusions 
about the nature and mechanism of the processes in­
volved, or the character of deposit, were impossible. 

r---- -------------------------

Figure 2. L.S. V. for chemically polished copper electrode in thallium free solution (- - - - - ); and during thallium underpo­
rential deposition (UPD). 
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Figure 3.a The L.S.V. behaviour of the Cu (111) oriented electrode surface during thallium UPD. 

The voltammograms showing thallium llPD on 
Cu( 111) surface from the three solutions used (see 
above) are shown in Fig. 3.a., b. and c. It appears that 
the essential characteristics of these remain the same in 
all solutions, although the exact peak potential values 
and their shape were to a certain extent dependent on 
the sweep speed and on whether the anion used in the 
particular system undergoes significant specific ad­
sorption , Table. I 
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DISCUSSION 

Linear sweep voltammograms obtained for thal­
lium UPD on polycrystalline copper registe red only 
two peak potentials(EK 1= +242mVand EK2= +10mV vs. 
Tl/Tl+) and the charges associated with the two broad 
waves. The charge encompassed by the first "peak" 
was 260·10·6 AScni-2, which is one and a half times 
more than that needed for a close-packed thallium 
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Figure 3.b The L.S.V. behaviour of the Cu ( 111) oriented electrode surface during thallium UPD. 
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Figure 3.c The L.S.V. behaviour o f th e Cu ( 111) o riented electrode surface during thallium llPD. 

layer ( 160· 10-r' AScm·2) . The total charge under both 
ca thodic peaks anodic to the reversible Tl/Tl+ potential 
is two and a half times greater (/i08·10-r' AScm·2) than 
that needed fo r a close-packed layer. 

Since L.S.V. performed in the absence of thallium 
showed only current tlov..:ing clue to double layer 
charging (------ in Fig. 2. ), it appears that thallium UPD 
on copper su rface proceeds in two laye rs. 

The complexity of the peaks is most probably clue 
to thallium deposition onto differe ntly oriented copper 
grains, producing different mo nolayer structures de­
pendent on the c1ystallographic orientation of the 
grains. 

In the case of thallium LJPD o nto Cu(l 11) surface 
linear sweep voltammet1y reveals two separate sets of 
peaks, more than 130mV apart. 

The first set situated al more anodic potentials, 
consisted of two peaks, K1 and K2. Kl was genera lly 
very sharp (the sharpest recorclecl having a half peak 

width ~E= 3.15mVat the sweep speed v= lOmvs-1
, Fig. 

Ii., and it was markedly sharper than the second peak 
K2. The peak w idth depended on the sweep speed , be­
coming smalle r w ith decreasing sweep speed , Fig. 5. 

The interaction paramete r, g, (Frumkin isotherm) 
calculated16·17 from the experimentall y obtained half 
peak wid th ~E= 3.1 5mV, assuming a fas t adsorption 
process, was g= 3.85. O n the basis of such a model this 
would indicate strong lateral interaction among Lhe 
thallium species deposited at the potentials belonging 
to the first peak Kl . The charge associated with this 
peak was approximately 130· 10·6 AscnY2. 

The second peak, K2, usua lly started at the pote n­
tials more positive than the end pote ntia l of the first 
peak. The charge under this peak was 60· 10·6 Asc111 ·2 

The second set of peaks presented a problem. The 
two peaks were merged to such an exte nt that only 
the ir combined characteristics could be obtained. The 
charge was 120·10-r'Ascm·2 , but even thi s ca nnot be 

Ta/JI<! I . Average UPD peal~ uctluesfor 7(f2 M Tl solutions a11d u= 3 0111 vs· ' 

Ca le. 
Cale. 

Meas- Meas- Meas-

Surface K , K2 K3 K,, 
close-

epitax 
ured ured ured 

p:icked charge charge charge 
orienta- An ion 111\/ mV mV mV 

Iay,e r 
Iar,er K1 K.,+K, K3+K,, 

ti on vs . T l vs. T l vs. T l vs. Tl 10·> As 
10·6 As 10-r' As 10.r, As 10· ' As . ) 

. ) cm - . ) . ) _ ) 

cm - cm - cm - cm -

(111) c101i· +296 +261 +51 +:31 160 106 1:30±5 19:3±:3 110±6 

(111) so1i·2 +277 +262 +55 +:31 160 106 128±5 191±5 120±5 

(111) OAC +2'11 +185 +56 +liO 160 106 12:3±:3 190±5 122±7 
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taken as the total value because the current of the sec­
ond peak had not fallen to zero before the onset of thal­
lium bulk deposition. 

The peak potentials were dependent on the 
sweep speed, Fig. 6. and the thallium concentration in 
the solution used, Fig. 7. 

The sharpness of the first peak, Kl , by analogy 
with the corresponding results for lead 16·rn, suggests 
that thallium onto Cu(l 11) surfaces is also uderpoten­
tially deposited in a first order phase formation pro­
cess. 
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Figure 6. Dependence of the peak potential on the sweep 
speed. 
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The charge associated with this peak (130· 10·6 

AscnY2) is significantly lower than that needed for for­
mation of close-packed thallium layer 060·10·r, Ascm-2) 

19. It is however in good agreement w ith that needed 
for the deposition of the closest-packed epitaxial thal­
lium rnonolayer (106·10·(• AscnY2), if as before 1<'·18 a 
roughness factor of ""1.1 is taken into account, Fig. 8. 
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It is interesting to find , however, tllat v-:hen the 
charges under the first peak, Kl , and the second peak , 
K.2, were added together, the sum of 190-6Ascm-2 was 
ve1y close to the charge needed for a close packed thal­
lium layer ( again taking a roughness factor into ac­
count). This suggests that the epitaxial layer might be 
transforming into a close-packed structure at the more 
negative potentials. 

The anodic stripping process, A1 and A 2, were not 
symmetrically placed on the potential axis towards K. 1 

and K2. The peak potential separation 6EA I ·K 1 was 
o::::35mV and 6Ei\2-K2 was "" 10mV at sweep speed 
30mvs-1 and both were practically independe nt of the 
sweep speed. Anodic peak A2 contained less charge 
than K,, the major part of the stripping process occur­
ring in the large sharp peak A1. 

Figure 7. Dependence of the peak potential on thallium 
concentration. 

It appears that unlike the equivalent structure for 
lead18 on the same substrate, the thallium closest­
packed epitaxial layer, Fig.8., is not the most energeti­
cally stable structure at potentials closer to the reversi­
ble potential. The difference in the atomic radii of lead 
and thallium ( rPb = 1.75 -8cm, rPb =:' 1.70.8 cm) means 
that the thallium atoms are less closely packed than the 
lead atoms in the same epitaxial structure. An addi­
tional factor favoring the transition to the close-packed 
nonepitaxial layer is lower electronegativity of thallium 
compared to lead 20·23. This being the case it is not sur­
prising to find the stripping process for the two struc­
tures being reflected in a shoulder ( A2 ) and a well pro­
nounced peak A1, where the latter accounts for the dis­
solution of most of the close-packed layer and carries 
more than 90% of its total charge. 

It should be noted that the apparent interaction 
parameter, g, obtained from a given half peak width 

------·-----------·---··- ··------·---·-------------~ 

· Cy!111) 

·-----------·--------------------------' 

Figure 8. The structure of the epitaxial closest-packed thallium monolayer on Cu 011). 
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depends upon the valency, z, of the metal ion17 and 
the same peak width for lead and thallium corresponds 
to a large value of g for latter. The apparent value of g 
for thallium underpotential deposition, 3.85, is very 
close indeed to the critical value of 1 . In such a case it 
should be remembered that a nucleative phase forma­
tion process would be unlikely to give a sufficiently 
sharp peak to yield an apparent g value of 118

. This is 
clear from the analysis ofRangarajan21 which takes ac­
count of the slow kinetics of crystal growth. Therefore, 
whenever a large but apparently sub-critical value for g 
is found , it is necessa1y to consider the possibility of a 
first order phase transition . 

It must be concluded, therefore, that K1 represents 
the formation of the closest-packed epitaxial layer, Fig . 
8., and, by analogy with lead under the same circum­
stances, it is formed by a 2D nucleative mechanism. 
The characteristics of the second peak, Kl> are more in 
keeping with a higher order phase transformation of 
this epitaxial structure into the close-packed thallium 
crystal plane. 

The second set of voltammetric peaks is more dif­
ficult to characterize. Their charge (120· 10·6 Ascm·2), al­
though incomplete because of the onset of bulk depo­
sition indicates that a full close-packed layer is not 
achieved in the uderpotential region. The peak poten­
tial separation, EA-K, does not change significantly 
with sv-:eep speed, Fig. 6., and usually was ::.<20mV. The 
first peak I<.3 is ve1y sharp, while the second, K1 , is less 
so. It appears that the deposition of the second thallium 
monolayer on Cu( 111) proceeds similarly to the first 
layer, but the onset of bulk deposition does not allow 
further detailed analysis. 

CONCLUSIONS 

Linear sweep voltammograms obtained for thal­
lium UPD on polycrystalline copper registered only 
two peak potentials(EK1= +212mV and EI<.2= +10mV 
vs. Tl/Tl+) and the charges associated with the two 
broad waves. Since L.S.V. performed in the absence of 
thallium showed only current flowing due to double 
layer charging, it appears that thallium UPD on copper 
surface proceeds in two layers. The complexity of the 
peaks is most probably due to thallium deposition onto 
differently oriented copper grains, producing different 
monolayer structures dependent on the c1ystallo­
graphic orientation of the grains. 

In the case of thallium UPD onto Cu(l 11) surface 
linear sweep voltammet1y reveals two separate sets of 
peaks, more than 130mV apart. The peak potentials 
were dependent on the sweep speed, and the thallium 
concentration in the solution used. 

The first set situated at more anodic potentials , 
consisted of two peaks, K1 and K2. K1 was generally 
ve1y sharp and it was markedly sharper than the sec­
ond peak K2. The peak width depended on the sweep 
speed, becoming smaller with decreasing sweep 
speed. The interaction parameter, g, (Frumkin iso­
therm) calculated from the experimentally obtained 
half peak width t.E= 3.15mV, assuming a fast adsorp-

tion process, was g= 3.85. The second peak, Kl> usually 
started at the potentials more positive than the end po­
tential of the first peak . 

The charge associated with the first peak is in 
good agreement with that needed for the deposition of 
the closest-packed epitaxial thallium monolayer, 
106· 10·6 Ascm·2, if a roughness factor of ::.<1.1 is taken 
into account. When the charges under the first peak, 
K1, and the second peak, K2, were added together, the 
sum of 190·10·<• Ascm·2 was very close to the charge 
needed for a close packed thallium layer (again taking 
a roughness factor into account) . 

The second set of peaks presented a problem. The 
two peaks were merged to such an extent that only 
their combined characteristics could be obtained. The 
charge was measured , but even this cannot be taken as 
the total value because the current of the second peak 
had not fallen to zero before the onset of thallium bulk 
deposition. 

It must be concluded, therefore, that K1 represents 
the formation of the closest-packed epitaxial layer, 
and, by analogy with lead under the same circum­
stances, it is formed by a 2D nucleative mechanism. 
The characteristics of the second peak, Kl> are more in 
keeping with a higher order phase transformation of 
this epitaxial structure into the close-packed thallium 
c1ystal plane . 

It appears that the deposition of the second thal­
lium monolayer on Cu(l 11) proceeds similarly to the 
first layer, but the onset of bulk deposition does not al­
low further detailed analysis. 
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REZIME 

STUDIJA POCETNOG ST ADIJUMA ELEKTRO­
T ALOZENJA TALIJUMA NA BAKRU - I DIO 

PONASANJE BAKARNE POLIKRISTALNE ELEK­
TRODE I ELEKTRODE KRISTALOGRAFSKE ORIJEN­
TACIJE (111) PRI LINEARNOJ CIKLICKOJ PROMJENI 
POTENCIJALA 

.JOVICEVIC1 N. Jovan, BEWICK Alan 
Chemistly Department, Southampton University, 
UK, S09 5NH 

1Sadasnja adresa : Odsek za hemiju, PMF, Univerzitet 
u Pristini , 38000Pristina, .Jugoslavija . 

Ovo je prvi iz serije raclova u kojima se iznose re­
zultati istrazivanja pocetnih stadijuma elektrotalozenja 
talijuma (iz acetatnih, sulfatnih i perhloratnih rastvora) 
na polikristalnom i monokristalnom bakru. 

Rad predstavlja rezultate dobijene linearnom ci­
klienom promjenom potencijala (L.S.V.) bakarne po­
likristalne i monokristalne elektrocle povrsinske orijen­
tacije ( 111) u podrucju potencijala pozitivnijih ocl re­
verzibilnog potencijala talijuma u datoj sredini . 

]os jednom se uvjerljivo pokazalo da je pazljivo i 
uspjesno poliranje povrsine radne elektrode ocl naj­
veeeg znacaja pri ispitivanjima podrucja potencijala 
pozitivnijih od reverzibilnog potencijala talozenja/ ra­
st:varanja ispitivanog metala , ukoliko se zele dobiti po­
uzdani kvantitativni i kvalitativni poclaci. 

Polikristalna bakarna povrsina, pri linearnoj ci­
klicnoj promjeni potencijala (L.S.V.) u poclrucju poten-
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cijala pozitivnijih ocl reverzibilnog potencijala talijuma 
(UPD), claje votamogram koji predstavlja zbir karakte­
ristika povrsina razliCitih kristalografski orijentisanih 
zrna, koje su pazljivim hemijskim poliranjem otkrivene 
i izlozene elektrotalozenju olova (ustanovljen faktor ra­
pavosti bararne porsine je bio je 1.3). Dobijeni volra­
mogrami pokazuju dva siroka katoclna (EK1= +212mV i 
EKf +40mV vs.Tl/Tl+) i clva oclgovarajuea anoclna ta­
lasa. Kako ciklicka voltametrija u rastvorima bez pri­
sustva talijuma pokazuje samo struje koje su rezultat 
nabijanja clvojnog sloja, preostaje cla se zakljuci da se 
talozenje talijuma na bakru pri potencijalima pozitivni­
jim ocl reverzibilnog potencijala oclvija clepozicijom 
clva monosloja. 

Meuutim, elektrotalozenja talijuma na bakarne 
monokristalne povrsine kristalografske orijentacije 
(111) tehnikom ciklicke voltametrije otkriva dva oclvo­
jena para katoclnih strujnih talasa medusobno uclalje­
nih vise ocl 130mV. Potencijali vrhova tih talasa zavisni 
su ocl brzine promjene potencijala i od koncentracije 
talijuma u upotrebljenom elektrolitu. 

Prvi par (javlja se pri anoclnijem potencijalu) sa­
stoji se od veoma ostrog talasa K1 i manje ostrog talasa 
K2. Sirina poluvrha tih talasa opacla sa opadanjem 
brzine promjene potencijala. lnterakcioni parametar, 
g, Frumkinove izoterme izracunat na osnovu eksperi­
mentalno clobijene sirine poluvisine p1vog talasa K1 

(~E+ 3.15mV) iznosi g= 3.85. Drugi talas , K2, zapocinje 
na potencijalima pozitivnijim ocl potencijala na kome 
se zavrsava p1vi ta las, K1. 

Kolicina naelektrisanja ogranicena p1vim talasom, 
K1, u saglasnosti je sa naelektrisanjem potrebnim da bi 
se formirao najgusee pakovani epitaksijalni monosloj 
talijuma na Cu( 111) (ciji model je predlozen) uzevsi 
faktor rapavosti poclloge od 1.1. Kada se naelektrisanje 
pod K1 i K2 talasima sabere, dobija se vrijednost veoma 
bliska naelektrisanju potrebnom da se formira gusto 
pakovani sloj talijuma, naravno opet uz faktor rapavo­
sti podloge ocl 1.1 . 

Drugi par katoclnih talasa je meuusobno toliko 
stopljen cla je moguce ozbiljno analizirati samo njihove 
skupne karakteristike. Cak i mjereno naelektrisanje 
koje pokrivaju ne moze se uzeti kao konacna vrijecl­
nost, jer struja drugog talasa K,1 ne pada na nulu pri 
upotrebljenim brzinama promjene potencijala prije 
nego StO pocne elektrotalofrnje talijuma LIZ katoclne 
prena petosti. 

Katodni talas K1 predstavlja formiranje najgusce 
pakovanog epitaksijalnog sloja i po analogiji sa olovom 
na istoj pocllozi pod istim uslovima putem clvodirnenzi­
onog nukleacionog mehanizma. Karakteristike drugog 
talasa K 2 su u saglasnosti sa mehanizmima fazne trans­
formacije viseg recla prelaska epitaksijalne strukture 
monosloja u gustopakovan kristalni monosloj talijuma. 

Elektrotalozenje drugog talijumovog monosloja 
na Cu(ll 1) odigrava se mehanizmom veoma slicnim 
mehanizmu kojim se odigrava formiranje ptvog mono­
sloja, ali zapocinjanje talozenja pri katoclnim prenape­
tostima onemogueava dalju detaljniju analizu. 
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ABSTRACT 

The uderpotential deposition and dissolu­
tion of thallium onto carefully chemically pol­
ished single crystal copper (110) electrodes from 
acetate, sulfate and perchlorate solutions have 
been investigated using Linear Sweep Voltamme­
try (L.S.V.). 

Voltammetry results on Cu(llO) single crys­
tal electrode showed thallium forming two un­
derpotential monolayers with close-packed crys­
talline structure, somewhat distorted by the un­
derlying substrate. 

The first closest-packed epitaxial structure 
of the first thallium (more anodic) monolayer is 
formed by adsorption. Higher order phase trans­
formation is needed for completion of the first 
close-packed thallium crystalline monolayer. 

It appears that the underpotential deposi­
tion of the second thallium monolayer on 
Cu(llO) proceeds similarly to the first layer, but 
the onset of bulk overpotential deposition does 
not allow further detailed analysis. 

A model of thallium closest-packed epitaxial 
monolayer on Cu(llO) surface is proposed. 

Key words: Underpotential deposition, Liner sweep voltammetty, Cu, Tl, Phase formation, Single crystal 

INTRODUCTION 

Despite extensive studies of metal underpotential 
deposition 1-11 there have been some important prob­
lems sti ll unresolved. These related principally to the 
nature of the monolayer (adsorbed or c1ystalline) , the 
interpretation of the linear sweep voltammogram 
peaks, phase changes within the monolayer, the kinet­
ics of the c1ystalline monolayer formation, if any, and 
the relevance of the UPD monolayer to the overpoten­
tia l deposition process. 

The system selected for the study was thallium on 
copper polyc1ystals and single c1ysta ls. The uderpoten­
tial as well as overpotential deposition and their possi­
ble mutual interdependence were investigated . The 
substrate posses high hydrogen evolution overvoltage 
and therefore deposition of thallium is not complicated 
by hydrogen co-adsorption processes. 

The technique employed was linear sweep volt­
ammet1y. 

MATERIALS AND METHODS 

The experimental work described in this paper 
was clone predominantly using linear sweep voltam­
metry (L.S.V.) technique. 

All potential programming of the working elec­
trode was supplied either from a potentiostat ("Hi-Tek 
Instruments" model DT2101, or two "Chemical Elec­
tronics" models V150/ 1.5A, TR70/2A) in conjunction 

with a "Chemical Electronics" waveform generator 
(type R.B.1), or two "H.Tinsley and Co-" potentiometer 
(type 3387B). The waveform generator provided either 
a ramp type voltage output for L.S.V. · 

The cell currents were recorded as voltages on an 
XY recorder (types "Bryans 26000" or "Hewlett Packard 
7015A"). To observe and record the current-time tran­
sients and other functions too rapid to be followed on 
an XY or Yt recorder, oscilloscopes ("Tektronix" 547 or 
5030) were employed. 

The cell used for the L.S.V. experiments is pre­
sented in Fig. 1. The cell was made entirely of glass The 
working electrode, C, and Luggin capilla1y, L, were po­
sitioned in syringe barrels to enable adjustment to give 
the best positions ancl mutual distances of the two. The 
counter electrode, A, was either a platinum disc or a 
platinum mash disc :::::1.5 cm2 in area, positioned paral­
le l to the work ing electrode. 

Working electrodes were small cylinders of single 
c1ystal copper ("Metal Research Ltd.", 99.999%) :::::0 .Scm 
in diameter. These were sealed into Kel-F rod such that 
only the top surface of the metal cylinder was exposed 
to the solution. Great care was taken to ensure that no 
leakage occurred around the side of the metal c1ystal. 
This was achieved by cooling the cylinder of copper in 
liquid nitrogen before mounting in the hollow Kel-F 
rod (drilled for a tight fit at room temperature), which 
had been placed in boiling water so that insertion of 
the metal and contraction of the plastic housing en­
sured a very tight fit. The reference e lectrodes housed 
at the end of the Luggin capillary were either a satu-
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Figure. 1. The cell used for most o f the L.S.V. and potential step experiments. 

rated calomel (S. C.E. "Radiomete r K401") or lead wire 
("Koch - Light Laborato ries Ltd .", 99.999%) scaled into 
the glass ho lde r. 

Prior to use all glass-ware was soaked in a mixture 
containing equal volumes of concentrated nitric and 
sulfuric acids to remove any possible traces of grease, 
then it was rinsed thoroughly in tap wate r, singly di s­
tilled and fina lly triply distilled water. The latter was 
prepared by slow distill ation from a weakly alkaline so­
lu tion of IGvinO/i and then from solution containing a 
trace amount of ortho-H3PO,,. 

All solutions were made up from Analar grade 
chemicals ("B .D.H. Chemicals Ltdu and "Hopkin and 
Williams Company" , w ithout furthe r purification) in tri­
ply distilled wate r. Prior to experiment, solutions were 
deaerated inside the cell by purging with a stream of 
purified oxygen-free nitrogen, fo r about 30-35 minutes. 
Nitrogen was purified by purging it through a solutio n 
of ammonia metavanadate, hydrochlo ric acid and dis­
tilled wate r lying on top of ::::<25g, of amalgamated 
zinc 1('. 

The importance of e lectrode surface preparati o n 
cannot be overstressed in connection with the metal 
deposition work. The surface preparati on procedures 
fina lly ado pted for copper single c1ystal e lectrodes 
were result of investigating a number of othe r methods. 
Crite ria used to judge the success of each method was 
bas~d on the best rep roducibility of experimental data 
and the clearest delineation of va rious features on the 
voltammetric characte ristics. The polishing process 
consisted of two stages , the first mechanical and the 
second che mical. 

Firstl y, the e lectrodes were polished on se lvyt 
cloths ("Buchle r Ltd .") impregnated with alumina 
("Buchler Ltd ."5· 10-''cm and 3· 10_/'cm grade, and "Ba n­
ner scientific Ltdu 1·10-5cm and 3· 10-5cm grade ). Ini­
tially the largest grade was used and then progressively 
smaller ones clow n to the smallest, until the electrode 
had a mirror-li ke appearance free from scratches or 
blemishes. These mechanical polishing steps were al-

ways performed manually rathe r than o n a polishing 
machine , w hich was less convenient to use. Before 
each experime nt copper single c1ystal e lectrodes were 
chemically po lished using a modified versio n of a p ro­
cess described e lseweren 

The three copper single c1y stals ( 111), ll 10) and 
( 100) had to be chemically polished under somewhat 
diffe rent condi tions if the result was to be up to the 
standard . The polishing mixture containing 33vol.% 
each of co nce ntrated Analar grade H N03, glacial acetic 
acid and orthophospho ric acid, was common to all 
copper e lectrodes used . The diffe rence in treatment 
be tween polyc1ystalline and each of the copper single 
crystals began w he n the temperature of the po lishing 
agents and the time of immersio n was to be decided . 

The ( 110) o ri ented single c1ystal was Immersed in 
the acid mixture heated to 65°C, alte rnate ly standing 
still and stirred every Ii seconds for 1 times. The n it was 
rinsed w ith tap wate r and eventually wi th triply dis­
tilled wate r. Thereafte r the procedure was the same as 
that previously described for the (111) orientatio n, 2•

8
· 
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. 

This po lishing process required a considerable 
amount of practi ce before consiste nt )'esults could be 
obta ined . 

Examinati ons of the polished e lectrode surfaces 
under microscope and with X-ray emissio n spectros­
copy revealed no contaminating e leme nts except very 
minute parti cles of alumina, but these were very few in 
number (on the samp le investigated o ne particle of alu­
mina was found in an area of about 0.25cm2). 

The amount of the copper dissolved in this chemi­
cal po lishing process was re lative ly small. A single 
c1ystal polished several hundred times 'Nould lose 35% 
of its volume. 

The investigatio n of a pa rti cular e lectrode solu­
tion combinatio n always started w ith linear sweep volt­
ammet1y. In this case it consti tuted the w hole experi­
me nt. 



The voltammogram itself was a direct indication 
of the nature of the electrode surface and consequently 
cou ld be used to asses the degree to which the chemi­
cal polishing had been successful in producing a well 
defined c1ystal plane Un the case of the single c1ystal of 
course). For any particular system, repeated linear 
sweep experiments were performed before any add i­
tional measurement were made in order to establish an 
a rbite r to which all future voltammeny could be re­
ferred. The procedure described here for L.S.V. is that 
which enabled a given solution/ electrode combination 
to be used for a whole day's experiments without any 
deterioration in the result over this period . 

Firstly the cell complete with working electrode 
(not yet freshly chemically polished) was rinsed thor­
oughly in tap, and triply distilled water. Then the cell 
was rinsed with the solution being used and finally 
filled with it. This was followed by deaeration with a 
rapid stream of nitrogen (scrubbed by a vanadous ion 
mixture) for about 35 minutes . During this process the 
working e lectrode was polarized at a potential some­
what positive to that where ll.P.D. began. After the de­
aeration period, the working e lectrode was removed 
from the cell and chemically (or only mechanically) 
polished as described earlier and after thorough rinsing 
was placed back in the cell. Gas purging was continued 
in the cell scaled with a syring piston w hile the chemi­
cal polishing was performed . It was resumed for an ad­
ditional 5-10 minutes after the freshly polished work­
ing e lectrode had been put into the cell . The process of 
polarizing the electrode during the gas purging acted 
as a mild pre-electrolysis method and impurities were 
removed from the solution. That this was the case 
could be seen by canying out voltammet1y with the 
e lectrode at the end of the degassing period without 
chemical polishing, when markedly inferior results 
were obtained . Before the actual L.S.V. was recorded 
the cell was sealed off from the air by tight rubber cov­
ers being placed on the gas inlet and outlet. 

102MTlfDL. +163MHC~4 +0.5MNaCl04 

ilthr 
Crn11 
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! 
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Voltammetric experiments were carried out in the 
normal way; the potential being cycled continuously 
and sweeps recorded when necessa1y at a variety of 
sweep speeds. 

RESULTS 

Copper single c1ystal with (110) oriented surface, 
was examined in solutions containing three different 
anions: 

xM Tl2S01 + 10·3 M HCI01 + 0.5M NaCIO,, 10- 3M 10· 1 M 

xM TI.2S01 + 10·3 M HCI01 + O.SM Na2SO,; 10- 3M 10· 1 M 

xM Tl 2S01 + 10·3 M HOAC + O.SM NaOAC 10- 3M 10·1 M 

This relatively wide variation in solution composi­
tion and concentration was necessa1y to understand all 
the variables affecting the lJPD. 

Typical voltammograms recorded during thallium 
UPD on Cu(l 10) substrate from the three solutions 
used, are presented in Fig. 2. a, band c. 

The essential features of all voltammograms were 
the same, Table.I., except for peak potential variations 
due to specific adsorption of the acetate anion in solu- · 
tion of higher concentration. 

Two sets, of two peaks each, were observed. The 
resolution between the two peaks in the first set situ­
ated at more anodic potentials could be improved by 
decreasing the sweep speed, but not to the point of 
separating them. The second peak, K 2, which obvi­
ously starts at potentials still with in the first peak, 
seems to be very sharp. The first peak Kl is well de­
fined but not nearly as sharp as K2 . 

The charge associated with K1 was approximately 
120-10·<> Ascm·2 , and that due to the second peak , K2, 

was 70· 10·6 Ascm·2· 

Cu(110i 

30mVs~1 

•ri/mVv.s.TI 

Figure. 2.a. Linear sweep vo lta111111ogra111 for thallium underpotential deposition on Cu(l 10). 
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10-2MTlfiOL.-+ 10-3MHCl94 •.O.SMNai504 Cu(110) 

-s T "/ 10 A 
I CrnLI 

-4 -

~4 30mvs-1 

-11 •ri/ mVv.s.Tl 

A3 

Figure. 2.b. Linear sweep voltammogram for thall ium underpotential deposit ion on Cu(llO) . 
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Figure. 2.c. Linear sweep voltammogram for thallium underpotential depos itio n o n Cu( 110). 

Table. 1. Average UPD va lues measured for 10-2M Tl solutions and v~30mvs· 1 . 

Cale. 
Ca le. 

Meas- Meas-
close- ured ured 

Surface K, Kz K3 K~ packed 
e pitax 

charge charge orienta- Anion mV mV mV mV Iat,er 
vs. Tl VS. Tl VS. Tl VS . Tl later K1 K1+K, 

ti on lo· As 10" 1 As 10·6 As 10·6 As -2 
.) cm - ) . ) 

cm - cm - cm -

( 110) CIO~ - +215 +218 +73 +39 160 90 122±5 195±/i 

(110) so,,·2 +210 +204 +13 +17 160 90 120±3 193±5 

(110) OAC +1 43 +114 +52 +22 160 90 120±3 193±7 

I 

I 
i 
I 

\ 

I 
I 
I 

I 

I 

I 

I 

i 

i 
1 

I 
I 

Meas-
ured 

charge 
K3+K~ 

10-6 As 
. ") 

cm -

115±5 

120±5 

120±5 



The stripping peaks, A1 and A 2> are more or less 
good inverted replicas of their deposition counterparts, 
except for a shift along the potential axis . The peak po­
tential separations were L'.E" 1_;;1 ,.,12mV and L'.E" 2_;; 2 
,.,14mVatv = lOmvs-1. 

The peak potentials were dependent on sweep 
speed, Fig. 3. , and the thallium concentration, Fig. 4. 

The second set of peaks situated at potentials ve1y 
close to the reversible Tl/Tl+ potential , consisted basi­
cally of two peaks, K3 and K/,· The first one, K3, was 
more pronounced, w hile the second, K/i , was incom­
plete in the UPD region in all cases. The current due to 
K,1 did not fall to zero value before the onset of bulk 
deposition. The refore, the measured charge for these 
two peaks (115· 10-6 Ascm-2) is not the full va lue. The 
peak separations were L'.E"3_;;3 ,.,32mV and L'.EM-K/i 
,.,32 mV and these did not change significa ntly w ith 
changing sweep speed. 

DISCUSSION 

Comparison w ith the L.S.V. results obtained for 
thallium UPD on Ag(l 10)1 shows significant similari­
ties, but an even better resemblance to the voltammo­
gram for lead UPD on the same substrate'> was ob­
se rved. 

On account of its less sharp features and its charge 
values (120· 10-r1 Ascm-2), K1 could be attributed to the 
adsorption of thallium. When a roughness factor ( ,.,1 .1) 
is taken into account the charge recorded is sti ll some­
w hat higher than the charge needed for the epitaxial 
closest-packed thallium layer on the Cu( 110) surface 
( ,.,90 · l 0 6 Ascm-2

) in Fig. 5. But w hen the charge of the 
overlappinf, K2 C ~70· 10-6 Ascm-2) is added to it,_ the sum 
( ,.,190· 10-1 Ascm--) 1s quite close to the value ot 160· 10 r, 
Ascni- 2 needed for the close-packed thallium laye r. 

-~­
rnVv;· Ti 

150 

OJ -

K2 

0 CAlli'.Xl!Cf'EAK 

0 ANJOJC PEAK 

~-~--· _ _J_ ___ .i _ __l __ __. _____ _. 

20 l1J 00 BO v/rnvs-1 

Figure. 3. The dependence of peak potentials on the. 
sweep speed. 
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Cu{l\0) 

0 MlJO.C 1'€.t.K 
0 CAlrOOC f'tAX 

Cu(lJO) 

Figure. 4. The dependence of pea k potential on the thal­
lium concentration. 

--------------------------·--~ 

Cu (110) 

Figure S. The structure of the epitaxial closest-packed tha l­
lium monolayer on the Cu(l 10) surface. 
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Thei-efore, it seems realistic to attribute K1 to an 
adsorption process leading to the closest-packed epi­
taxial thallium layer, and K2 is probably due to a higher 
order phase transformation of such a structure into a 
crystalline close-packed thallium plane. The final 
monolayer will most probably be distorted to a certain 
extent by structure of the underlying substrate. The 
parallelism and the conclusions reached for the UPD of 
lead on Cu( 110)9 and of thallium on Ag(l 10)1 is clear. 

The second thallium monolayer, formed in K3 and 
K; seems to produce the same deposition characteris­
tics irrespective of the substrate. The peak potentials K3 
and K, are ve1y similar on all three copper single crystal 
orientations8• 11>, as are charges ( "'100· 10-(' Ascm-2) and 
in each case bulk deposition commences before K, is 
completed. 

Nevertheless , the data available do not allow fur­
ther conclusions other than the simple acknowledge­
ment of its presence as a second thallium monolayer 
put down before bulk deposition starts in a way proba­
bly similar to the first UPD monolayer. 

CONCLUSIONS 

The essential features of all voltammograms were 
the same, except for peak potential variations due to 
specific adsorption of the acetate anion in solution of 
higher concentration. 

Two sets, of two peaks each, were obse1ved. On 
account of its less sharp features and its charge values, 
Kl could be attributed to the adsorption of thallium, 
and it seems realistic to attribute K1 to an adsorption 
process leading to the closest-packed epitaxial thal ­
lium layer. The second peak, Kl> is probably due to a 
higher order phase transformation of such a structure 
into a crystalline close-packed thallium plane . The final 
monolayer will most probably be distorted to a certain 
extent by structure of the underlying substrate. The 
parallelism and the conclusions reached for the UPD of 
lead on Cu( 110)8 and of thallium on Ag( 110)1 is clear. 

The second thallium monolayer, formed in K3 and 
K/i seems to produce the same deposition characteris­
tics irrespective of the copper single c1ystal substrate 
used in this series of experiments. Nevertheless, the 
data available do not allow further conclusions other 
than the simple acknowledgement of its presence as a 
second thallium monolayer put down before bulk 
deposition starts in a way probably similar to the first 
UPD monolayer. 
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REZIME 

STUDIJA POCETNOG STADIJUMA ELEKTRO­
TALOZENJA TALIJUMA NA BAKRU - II DIO 

PONASANJE B/\KARNE POLIKRISTALNE -ELEK­
TRODE I ELEKTRODE KRISTALOGRAFSKE ORIJEN­
TACIJE (110) PRI LINEARNOJ CIKLICKO.J PROM.JENI 
POTENCIJALA 

.JOVICEVIC1 N. Jovan , BEWICK Alan 
Chemist1y Department, Southampton University, 
UK, S09 SNH 
1Sadasnja adresa: Odsek za hemiju , PMF, llniverzitet 
u Pristini, 38000Pristina, Jugoslavija. 

Ova je clrugi iz serije raclova u kojima se iznose re­
zultati istrazivanja pocetnih stadijuma elektrotalo'lenja 
talijuma (iz acetatnih, sulfatnih i perhloratnih rastvora) 
na polikristalnom i monokristalnom bakru . 

Rad preclstavlja rezultate clobijene linearnom 
ciklicnom promjenom potencijala (L.S.V.) bakarne 
monokristalne e lektrocle povrsinske orijentacije (110) 
u poclrucju potencijala pozitivnijih od reverzibilnog 
potencijala talijuma u clatoj sredini. 

.Jos jednom se uvjerljivo pokazalo cla je pazljivo i 
uspjesno poliranje povrsine radne elektrode od naj­
veeeg znacaja pri ispitivanjima podrucja potencijala 
pozitivnijih ocl reverzibilnog potencijala talozenja/ rast­
varanja ispitivanog metala , ukoliko se zele dobiti 
pouzdani kvantitativni i kva litativni podaci. 

Elektrotalozenja talijuma na bakarne monokristal ­
ne povrsine kristalografske orijentacije (110) tehnikom 



ciklicke voltametrije o tkrivaju po dva odvojena para 
katodnih strujnih talasa meausobno udalje nih vise od 
lOOmV. Pote ncija li vrhova tih talasa zavisni su od 
brzine promje ne p ote ncijala i od koncentracije talijuma 
u upo trebljenom ele ktrolitu . 

P1v i par katodnih strujnih talasa (javlja se pri 
a nodnij im potencijalima) sastoji se od manje ostrog 
(anodnijeg) talasa, K1, i vrlo ostrog (katodnijeg) talasa , 
K, . Na osnovu oblika promje ne gustine struje sa poten­
ci)alo m i na osnovu ko licine razmje nje nog naelektri­
sanja koje predstavlja, p1vi talas (1( 1) vje rovatno 
odrafava proces adsorpcije ta lijuma koji vodi forrn i­
ra nju najgusce pakova nog epitaksijalnog monoslo ja 
ta lijuma na Cu(l 10) pocllozi. Drugi katoclni ta las, Kb 
koji je mnogo ostriji , vje rovatno predstavlja faz nu trans­
fo rmaci ju tog epitaksijalnog monosloja u kristalnu gu­
sropakovanu dvodime nzionu strukturu talijuma koja je 
do ne kle pore meeena pod uticaje m oblika bakarme 
monokri stalne podloge . Oblik i p olofaj komplemen­
ta rnog anodnog p ara A1 i A2 (koji predstavljaju procese 
rastva ranja struktura preclstavlje nih sa K1 i K) na skali 
potencijala, potvruuju ovakve pretpostavke , pogotovo 
kacla se uzmu u obzir zavisnost pote ncijala vrhova ta­
lasa od koncentracije ta lijuma u upotreblje-nim rastvo­
rima i njihovi meuusobni odnosi. 
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Drugi par katodnih strujnih talasa , K3 i K,,, (i njima 
ko mp le me ntarnih anodnih talasa A3 i A,) po obliku i 
karakte ristikama, veoma su slicni p1vome paru (K

1
, K2, 

odnosno A1,A), te se formira nje d rugog monosloja 
ta lijuma pri pote ncijalima pozitivnijim od reverzibilnog 
pote ncijala talijurna u clatoj sredini najvjerovatnije odi­
grava na isti naCi n kao i p1v i monosloj. Meuutim, deta lj­
na ana li za me hanizma form iranja ovoga clrugoga 
mo nosloja o nemogucena je cinje nicom da se primje n­
je nom tehnikom ne maze napraviti razlika izmeuu tre­
nutka kada nastupa kraj formiranja mo nosloja od tre­
nutka kada zap ocinje ele ktro talozenje talijuma uz ka­
todne pre napetosti . 

Oblici strujnil1 ta lasa (katocl nih-talozenje, K1, K2, 

K3 i K~ , oclnosno ko mple me nta rnih anodnih-rastva­
ra nje, A1, A 2, A3 i A,,), ko liCi na naele ktri sa nja koju 
ograuuju , razlika u potencija lima vrhova kompleme n­
ta rnih katodnih i a nodnih parova talasa , zavisnost po­
tencij ala vrhova talasa ocl koncentracije ta lijuma i br­
zine p romje ne pte ncijala , snafoo podrfavaju iznije te 
pretpostavke o me hanizmu formiranja talijumovih mo­
no-slojnih kristalnih fa za na Cu(l 10) pri potencijalima 
p ozitivnijim od reve rzibilnog p o te ncijala ta lijuma u 
ispitiva nim sredinama . 
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ABSTRACT 

The uderpotential deposition and dissolu­
tion of lead onto carefully chemically polished 
single crystal copper (100) electrodes from ace­
tate, sulphate and perchlorate solutions have 
been investigated using Linear Sweep Voltamme­
try (L.S.V.). 

Voltammetry results on Cu(lOO) single crys­
tal electrode showed thallium forfiling two un­
derpotential monolayers with close-packed crys­
talline structure, somewhat distorted by the un­
derlying substrate. 

The crystalline closest-packed epitaxial 
structure of the first thallium (more anodic peak 
Kl of the set) monolayer is formed by higher or­
der phase formation. At more negative potentials 
(characteristic to less anodic peak K2 of the set) 

the free energy change favours the deposition of 
additional thallium which provokes a higher or­
der phase transformation of this epitaxial crys­
talline structure into energetically more stable 
close-packed thallium crystalline plane, most 
probably somewhat distorted by the underlying 
substrate. 

It appears that the underpotential deposi­
tion of the second thallium monolayer on 
Cu(lOO) proceeds similarly to the t'":trst layer, but 
the onset of bulk overpotential deposition does 
not allow further detailed analysis. 

A model of crystalline thallium closest­
packed epitaxial monolayer on Cu(lOO) surface 
is proposed. 

Key words: Underpotential deposition, Liner sweep voltammetry, Cu, Tl , Phase formation , Single c1ystal 

INTRODUCTION 

Despite extensive studies of metal underpotential 
depositionl-18 there have been some important prob­
lems still unresolved. These related principally to the 
nature of the monolaye r (adsorbed or crystalline) , the 
interpretation of the linear sweep voltammogram 
peaks, phase changes within the monolayer, the kine t­
ics of the crystalline monolayer formation , if any, and 
the relevance of the UPD monolayer to the overpoten­
tial deposition process. 

The system selected for the study was thallium on 
copper polycrystals and single crystals. The uclerpoten­
tial as well as overpotential deposition and their poss i­
ble mutual inte rdependence were investigated. The 
substrate posses high hydrogen evolution ove1voltage 
and therefore deposition of thallium is not complicated 
by hydrogen co-adsorption processes. 

The technique employed was linear sweep volt­
ammet1y. 

MATERIALS AND METHODS 

The experimental work described in this paper 
was clone predominantly using linea r sweep voltam­
metry (L.S.V.) technique . 

All potential programming of the working elec­
trode was supplied either from a potentiostat ("Hi-Tek 
Instruments" model DT2101 , or two "Chemical Elec­
tronics" models Vl50/ 1.5A, TR70/ 2A) in conjunction 
w ith a "Chemical Electronics" waveform generator 
(type R.B.1 ), or t\:vo "H.Tinsley and Co." potentiomete r 
(type 3387B). The waveform generator provided either 
a ramp type voltage output for L.S .V. 

The cell currents were recorded as voltages on an 
XY recorder (types "Bryans 26000" or "Hewlett Packard 
7015A"). To obse1ve and record the current-time tran­
sients and other functions too rapid to be followed on 
an XY or Yt recorder, oscilloscopes ("Tektronix" 517 or 
5030) were employed. 

The cell used for the L.S .V. experiments is pre­
sented in Fig. 1. The cell was made entirely of glass 
.The working electrode, C, and Luggin capilla1y, L, 
were positioned in syringe barrels to enable adjust­
ment to give the best positions and mutual distances of 
the two. The counter electrode, A, was e ither a plati­
num disc or a platinum mash disc ~1. 5 cm2 in area, po­
sitioned parallel to the working electrode. 

Working electrodes were small cylinders of single 
crystal copper ("Metal Research Ltclu, 99 .999%) ~o.Scm 
in diameter. These were sealed into Kel-F rod such that 
only the top surface of the me tal cylinder was exposed 
to the solution. Great care was taken to e nsure that no 
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Figure. 1. The cell used for most of the L.S. V. and potentia I step experiments. 

leakage occurred around the side of the metal c1ystal. 
This " 'as achieved by cooling the cylinder of copper in 
liquid nitrogen before mounting in the hollow Kel-F 
rod (drilled for a tight fit at room temperature), which 
had been placed in boiling water so that insertion of 
the metal and contraction of the plastic housing en­
sured a vety tight fit. The refe rence electrodes housed 
at the e nd of the Luggin capilla1y were e ithe r a satu­
rated calomel (S.C.E. "Radiomete r K101") or lead wire 
("Koch - Light Laboratories Ltd .", 99.999%) scaled into 
the glass holde r. 

Prior to use all glass-ware was soaked in a mixture 
containing equal volumes of concentrated nitric and 
sulphuric acids to remove any possible traces of 
grease, the n it was rinsed thoroughly in tap water, s in­
gly d istilled and finally triply distilled water. The latte r 
was pre pared by slow distill ation from a weakly alka­
line solution of KMnO/i and then from solution contain­
ing a trace amount of ortho-H3P01. 

All solutions were made up from Analar grade 
chemicals ("B.D .H. Chemicals Ltdn and "Hopkin and 
Williams Company", w ithout further purification) in tri­
ply distilled wate r. Prior to experiment, solutions were 
deaerated inside the ce ll by purging with a stream of 
purified oxygen-free nitrogen, for about 30-35 minutes. 
Nitrogen was purified by purging it through a solution 
of ammonia metavanaclate , hydrochloric acid and dis­
tilled water lying o n to p of25g, of amalgamated zinc19. 

The impo rtance of e lectrode surface preparation 
cannot be overstressed in connection with the meta l 
deposition work. The surface preparation procedures 
finally ado pted for copper single c1ystal e lectrodes 
were result of investigating a number of othe r methods. 
Crite ria used to judge the success of each method was 
based on the best reproducibility of experimental data 
and the cle arest de lineation of va rious features on the 
voltammetric characte ristics. The polishing p rocess 
consisted o f two stages, the first mechanical and the 
second che mica l. 

Firstly, the e lectrodes were polished on selvyt 
cloths ("Buchle r Ltdn) impregnated w ith alumina 
("Buchler Ltd ."5·10-/icm and 3·10-/icm grade, and "Ban­
ner scientific Ltd ." 1·10-5cm and 3·10-5cm grade). Ini­
tially the largest grade was used and then progressively 
smalle r ones clown to the smallest, until the e lectrode 
had a mirror-like appearance free from scratches or 
blemishes. These mechanical po lishing steps were al­
ways performed manually rather than on a polishing 
machine, w hich was less convenient to use. Before 
each experiment copper single crystal electrodes were 
chemically polished using a modified version of a pro­
cess described e lsewere20 

The three copper single c1ystals 011 ), U 10) and 
(100) had to be che mica lly polished under somewhat 
diffe rent conditio ns if the result was to be up to the 
standard . The poli shing mixture containing 33vol.% 
each of concentrated Analar grade HN03, glacia l acetic 
acid and orthophospho ri c acid , was common to all 
copper electrodes used. The difference in trea tment 
between po lycrysta lline and each of the copper single 
c1ystals began when the te mperature of the poli shing 
agents and the time of immersion was to be decided . 

The (100) oriented single c1ystal was immersed in 
the acid mixture hea ted to 70°C, and alte rnate ly kept 
still and stirred eve1y 3 seconds four times. Then it was 
rinsed w ith tap wa te r and eventua lly w ith triply dis­
tilled water. Thereafte r the procedure was the same as 
that previously described fo r the ( 111) and ( 110) cop­
per surface orientation2•8·n. 

This polishing process required a considerab le 
amount of practi ce before consistent results could be 
obta ined . 

Examinations of the p o lished e lectrode surfaces 
under microsco pe and with X-ray emission spectros­
copy revealed no contaminating e lements except very 
minute particles of alumina, but these were very few in 
1wmber (on the sample investigated o ne particle of alu­
mina was found in an area of about 0.25cm2). 



The amount of the copper dissolved in this chemi­
cal polishing process was relatively small. A single 
crystal polished several hundred times would lose 35% 
of its volume. 

The investigation of a particular electrode solu­
tion combination always started with linear sweep volt­
ammetry. In this case it constituted the whole experi­
ment. 

The voltammogram itself was a direct indication 
of the nature of the electrode surface and consequently 
could be used to asses the degree to which the chemi­
cal polishing had been successful in producing a well 
defined c1ystal plane (in the case of the single c1ystal of 
course). For any particular system, repeated linear 
sweep experiments were performed before any addi­
tional measurement were made in order to establish an 
arbiter to which all future voltammet1y could be re­
ferred . The procedure described here for L.S.V. is that 
which enabled a given solution/electrode combination 
to be used for a whole day's experiments without any 
dete rioration in the result over this period. 

Firstly the cell complete with working electrode 
(not yet freshly chemically polished) was rinsed thor­
oughly in tap, and triply distilled water. Then the cell 
was rinsed with the solution being used and finally 
filled with it. This was followed by deaeration with a 
rapid stream of nitrogen (scrubbed by a vanadous ion 
mixture) for about 35 minutes. During this process the 
working electrode was polarised at a potential some­
w hat positive to that where ll.P .D. began. After the de­
aeration period, the working e lectrode was removed 
from the cell and chemically (or only mechanically) 
polished as described earlier and after thorough rinsing 
was placed back in the cell. Gas purging was continued 
in the cell scaled -vvith a syringe piston while the chemi­
cal polishing was performed. It was resumed for an ad­
ditional 5-10 minutes after the freshly polished work­
ing e lectrode had been put into the cell. The process of 
polarising the electrode during the gas purging acted as 
a mild pre-electrolysis method and impurities were re­
moved from the solution . That this was the case could 
be seen by canying out voltammet1y with the electrode 
at the end of the degassing period without chemical 
polishing, when markedly inferior results were ob­
tained. Before the actual L.S.V. was recorded the cell 
was sealed off from the air by tight rubber covers being 
placed on the gas inlet and outlet. 

Voltammetric experiments were carried out in the 
normal way; the potential being cycled continuously 
and sweeps recorded when necessa1y at a variety of 
sweep speeds. 

RESULTS 

Copper single c1ystal w ith (100) oriented surface, 
was examined in solutions containing three different 
an ions: 

xM Tl2SO., + 10·3 M HCI01 + 0.5M NaCI01 10·3 M 10·1 M 

xM Tl 2SO,, + 10·3 M HCI01; + O.SM Na2S01, 10·3 M 10·1 M 

xM Tl 2S01 + 10·3 M HOAC + 0.5/"vl NaOAC 10·3 M 10·1 M 
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This relatively wide variation in solution composi­
tion and concentration was necessa1y to understand all 
the variables affecting the UPD. 

Typical linear sweep voltammet1y results ob­
tained for thallium underpotential deposition on 
Cu( 100) are presented in Fig. 2.a., b . and c., and Ta­
ble 1. 

It is clear that the character of the processes in­
volved is not changing w hen the anion is changed, al­
though the peak potentials for the acetate solutions 
were shifted to somewhat more negative poten­
tials.17,18 

Once again 15,l(', two sets of cathodic peaks (and 
anodic counterparts) were present. 

In the first (more anodic) set, K.1 and K.2 were 
merged together, and although at slower sweep speeds 
a tendency towards separation was observed it was not 
fully accomplished. Their anodic counterparts, A1 and 
A 2 , showed an "overpotential" shift along the potential 
axis, producing peak potential separation of 8.EAJ -KJ 
:::::SOmV and MAl-Kl:::::31mV at v=lOmVs-1, which in­
creased with increasing sweep speed. This, of course, 
was yet an other example of the familiar tendency8 · 

lU,l5,lil of the voltammogram peak potentials to change 
with changing sweep speeds, Fig. 3. Yet an other fea­
ture already established as regular8 · 1°:i5,l 6 was ob­
served, namely the change of peak potential with 
changing thallium concentration, Fig. 1. The charge as­
sociated with K 1 (the charge measured to the point X in 
Fig. 2.a., b. and c.) was :::::117· 10·6 Ascm·2 and the charge 
under K.1 :::::18·10-r' Ascm·2 . 

The second set of peaks, K.3, closer to the thallium 
reversible potential, also could not be separated. Peak 
potential dependence on the sweep speed applied and 
thallium concentration used , was recorded again. 
However, this process was not completed before the 
start of bulk deposition. The total charge associated 
with this voltammetric feature was :::::80· 10-1' Ascm·2. 

DISCUSSION 

The peak separation of about SOmV observed for 
K.1 and A 1 at slow sweep speeds strongly suggests that 
the process connected with these peaks may be a 
phase formation. Adsorption processes are not nor­
mally associated with such large "overpotentials"-

The charge measured under K 1 017·10-6 Ascm-2) 

does not differ mush from the value needed (117·10-6 

Ascm-2) for deposition of the closest-packed epitaxial 
c1ystalline structure on Cu(100), Fig. 5., when a rough­
ness factor (:::::1.1) is taken into account. 

This part of the voltammogram closely resembles 
the deposition and stripping of the first thallium mono­
layer on Ag(100)1. At the same time, there appears to 
be striking similarities with the results obtained for lead 
on the same surface orientation of copper 10 

Therefore, it must be concluded that thallium ud­
e rpotential deposition on Cu(100) starts with a phase 
formation process producing the thallium crystalline 
lattice (this time closest-packed epitaxial monolayer) 
shown in Fig. 5. This 2D phase formation is most 
probably of a higher order. 
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Figure. 2.a. Linear sweep voltammogram for thallium underpotential deposition on Cu(100). 

At more negative potentials, characteristic to Kb 
the free energy change favours the deposition of addi­
tional thallium (:::<48· 10·6 Ascm-2) which produces a 
higher order phase transformation into energetically 
more stable close-packed thallium c1ysralline plane 
(197·10-G Ascrn·2 charge measured). 

The data for the second UPD monolayer is once 
again difficult to interpret. However, it has features 
ve1y similar to those of the second UPD thallium mono­
layer formed on the CuU 11) and the Cu(l 10) oriented 
electrodes. 
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CONCLUSIONS 

In the case of thallium underpotential deposition 
onto carefully chemically polished Cu( 100) surface, 
linear sweep voltammet1y reveals two separate sets of 
cathodic (and anodic) peaks, more than 150mV apart. 
The peak potentials were dependent on the sweep 
speed, and the thallium concentration in the solution 
used. Voltammetric features, however did not depend 
on the anion used, except in the case of acetate when 
peak potential shift to more cathodic potentials was 
observed17·18. 

. .CU(100) 

30 mvs-1 

+T)/mWs.TI 

Figure. 2.b. Linear sweep voltammogram for thallium underpotential deposition on Cu(100). 
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Figure. 2.c. Linear sweep voltammograrn for thallium u~derpotential deposition on Cu( 100). 

The first set situated at more anodic potentials , 
consisted of two peaks, K1 and K,, merged together, 
and although at slower sweep speeds a tendency to­
wards separation was observed it was not fully accom­
plished. The second peak, K2, usually started at the po­
tentials more positive than the end potential of the first 
peak. Their anodic counterpatts, A1 and A2 , showed an 
"overpotential" shift of :::::SOmV. 
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Figure. 3. The dependence of peak potentials on the 
sweep speeds applied . 
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Figure. 4. The dependence of peak potentials on thallium 
concentration. 
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Figure 5, The structure of the epitaxial closest-packed thal­
lium mono layer on the Cu( 100) surface. 

Peak potentials and cathodic to anodic peak po­
tential separation values, were dependent on thallium 
concentration and sweep speeds applied. 

It must be concluded, therefore, that Kl repre­
sents the formation of the closest-packed epitaxial 
ctysta lline monolayer, and, by ana logy w ith lead under 
the same circumstances, it is formed by higher order 
phase formation . At more negative potentials, charac­
teristic to K2, the free energy change favours the depo­
sition of additional thallium which produces a higher 
order phase transformation into energetica lly more sta­
ble close-packed thallium ctysta lline plane, most 
probably somewhat distorted by the underlying sub­
strate. 

It appears that the deposition of the second thal­
lirnn monolayer on Cu(lOO) proceeds similarly to the 
first layer, but the onset of bulk deposition does not al­
low further detailed analysis . 
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Table. 1. Average UPD values measured.for 10-2 M T solutions and u= 30111 vs- 1. 

Cale. 
Ca le. 

Meas- Meas-
Meas-

Surface K1 K2 K3 K~ 
close-

epitax 
ured ured 

ured 
Orienta- Anion mV mV mV mV 

packed charge charge 
charge lar;er 

vs. Tl vs. Tl vs. Tl vs. Tl laxer K1 K1+K2 K 10-c, ti on 10-' As 
10-6 As 10-6 As 10- As 3 ) 

(100) CI01i- +240 +214 +:36 +:39 

(100) so1i-2 +240 +194 +12 +17 

(100) OAC +lli2 +102 +6 +22 

The charge associated with the first peak is in 
good agreement w ith that needed for the deposition of 
the closest-packed epitaxia l thallium monolayer, if a 
roughness factor of "='1 .1 is taken into account. When 
the charges under the first peak, K1, and the second 
peak, Kl> were added together, the sum of "='197·10·6 

AscnY2 was very close to the charge needed for a close 
packed thallium layer ( again taking a roughness factor 
into account). 

cm·2 _, 
cm-2 .) As cm·-

cm - cm -

160 118 149±5 198±5 80±5 

160 118 147±5 197±5 82±5 

160 118 lli5±5 195±5 50±5 
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REZIME 

STUDIJA POCETNOG STADIJUMA ELEKTRO­
TALOZENJA TALIJUMA NA BAi<RU - III DIO 

PONASANJE BAKARNE ELEKTRODE KRISTALO­
GRAFSKE ORIJENTACIJE (100) PRI LINEARNOJ 
CIKLICKOJ PROMJENI POTENCIJALA 

JOVICEVIC1 N. Jovan, BEWICK Alan 
Chemist1y Department, Southampton University, 
UK, S09 5NH 
1Saclasnja aclresa: Oclsek za hemiju, PMF, Univerzitet 
u Pristini, 38000Pristina, jugoslavija. 

Ovo je treCi iz serije raclova u kojima se iznose re­
zultati istrazivanja poeetnih stadijuma elektrotalo2.enja 
talijuma (iz acetatnih , sulfatnih i perhloratnih rastvora) 
na polikristalnom i monokristalnom bakru. 

Rad predstavlja rezultate dobijene linearnom 
ciklienom promjenom potencijala (L.S.V.) bakarne 
monokristalne elektrocle povrsinske orijentacije 000) 
u podrucju potencijala pozitivnijih od reverzibilnog 
potencijala talijurna u clatoj sreclini. 

Jos jeclnom se uvjerljivo pokazalo da je pazljivo i 
uspjesno poliranje povrsine radne elektrode od 
najveeeg znacaja pri ispitivanjima podrucja potencijala 
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pozitivnijih od reverzibilnog potencijala talozenja/ ra­
stvaranja ispitivanog metala, ukoliko se zele dobiti po­
uzdani kvantitativni i kvalitativni podaci. 

Elektrotalo2.enja talijuma na bakarne monokrista l­
ne povrsine kristalografske orijentacije ( 100) tehnikom 
ciklicke voltametrije otkrivaju po clva odvojena para 
katodnih (i komplementarnih anoclnih) strujnih talasa 
mec1usobno udaljenih vise od 150rnV. Potencijali 
vrhova tih talasa zavisni su ocl brzine promjene poten­
cijala i od koncentracije tali ju ma u upotrebljenom elek­
trolitu. 

P1vi par katodnih strujnih talasa K1 i K2 ( i komple­
mentarnih anodnih strujnih talasa A1 i A2 ) javlja se pri 
anodnijim potencijalirna u odnosu na reverzibilni po­
tencijal talijuma u posmatranoj sredini. Na osnovu ob­
lilrn promjene gustine struje sa potencijalom, na osnovu 
razlike od preko 50mV u potencijalima vrhova komple­
mentarnih katoclnih i anodnih talasa i na osnovu ko­
licine razmijenjenog naelektrisanja koje predstavljaju , 
p1vi talas (K1) najvjerovatnije odrafava proces formi­
ranje kristalne najgusce pakovane epitaksijalne taliju­
move 2D strukture na Cu(100) pocllozi mehanizmorn 
viseg reda fazne transformacije . Drugi katodni talas, Kb 
najvjerovatnije preclstavlja faznu transformaciju viseg 
reda tog epitaksijalnog rnonosloja u kristalnu gusto­
pakovanu dvodimenzionu strukturu talijuma koja je 
donekle poremecena pod uticajem oblika bakanne 
monokristalne poclloge. Do ovoga clolazi zbog p ro­
mjene sloboclne energije predhodnog epitaksijalnog 
monosloja na potencijalima talasa K2, koja izaziva do­
datno talozenje talijuma radi kompletiranja za te uslove 
stabilnije dvodimenzionalne konfiguracije talijumovog 
kristalnog gustopakovanog monosloja. Oblik i polofaj 
komplementarnog anodnog para A1 i A 2 (koji pred­
stavljaju procese rastvaranja struktura predstavljenih sa 
K 1 i K 2) , potvrduju ovakve pretpostavke, pogotovo 
kada se uzmu u obzir zavisnost potencijala vrhova ta­
lasa od koncentracije talijuma u upotrebljenim rastvo­
rima i njihovi medusobni odnosi . 

Drugi par katodnih strujnih talasa, K3 i K~ (i njima 
komplementarnih anodnih talasa A3 i A,;), po obliku i 
karakteristikama, veoma su slicni p1vorne paru (K1, K2, 

odnosno A1,A2), te se formiranje drugog monosloja 
talijuma pri potencijalima pozitivnijim od reverzibilnog 
potencijala talijuma u datoj sredini najvjerovatnije odi­
grava na isti nacin kao i p1vi monosloj. Mec1utim, det;:il­
jna analiza mehanizma formiranja ovo-ga drugoga 
monosloja onemogucena je Cinjenicom cla se primjen­
jenom tehnikom ne moze napraviti razlika izmec1u dva 
strujna talasa koji cine ovaj par, niti se mo2.e napraviti 
razlika izmec1u trenutka kacla nastupa kraj formiranja 
monosloja i trenutka kada zapoCinje elektrotalo2.enje 
talijuma uz katoclne prenapetosti. 
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ABSTRACT 

Four samples of Kosovo lignite from difer­
ent localities were examined for the purpose of 
pointing out possibilities of its application in 
production of ammonium-nitro-humate. On the 
basis of the results of technical analysis, determi-

nation of humic acids content and elementary 
analysis we have concluded that the lignite from 
the surface excavation site ,,Dobro Selo" is the 
most suitable raw material for production of 
ammonium-nitro-humate. 

Key words: arnmonium-nitro-humate, humic acids, extraction. 

INTRODUCTION 

Kosovo coal basin is an enormous raw material 
base in our countty, with favourable mining-geological 
conditions. They enable usage of conteporary mecha­
nization for surface digging up of coal. Thus the basin 
is of a great importance, firstlz for production of capaci­
ties of electrical energy and also for development of 
some chemical indust1y branches. 

The lack of organic fe rtilizers in our countiy im­
poses a question of production of humus-mineral fertil­
izer based on the coal, having in mind the fact that for a 
long time positive effect of coal scraps to fertility of the 
soil i. e. their stimulative effect to growth and deve lop­
ment of plants has been noticed . 

Former examination of possibilites in applying 
Kosovo lignite in agriculture (Djokic and Mitrovic, 
1968, Petrovic, 1978, Petkovic, 1983, Petrovic et al., 
1997) has shown that Kosovo lignite as well as the 
products obtained by its processing can be used as raw 
material base for production of organic-mineral fertil­
izer. 

So the purpose of our work was to examine the 
samples of Kosovo lignite from different localities. And 
on the basis of the results of technical analysis, determi­
nation of humic acids content and elementa1y analyisis 
to estimate what lignite sample is the most suitable raw 
material for production of ammonium-nitro-humat. 

MATERIAL AND METIIODS 

Me have selected to examine four samples of Ko­
sovo lignite from different localities as follows: 

1. the lignite from the surface excavation site "Do­
bro Selo", position '101, eastern shaft, e levation 407, 
floor II. 

2. the lignite from the surface excavation site 
"Belacevac", position 103, elevation '189, floo r II. 

3. the lignite from the hole in the middle part of 
Kosovo basin elevation 161-166, and 

1. the lignite from the hole in the middle part of 
Kosovo basin elevation 268,0-272,0. 

The lignite was firstly ground then sifted so that 
granulation was max. 0, 1, afternrards. Such prepared 
lignite was used in all of our research examination. 

Tehnical analysis of raw lignite: determination of 
humidity ash, sulphur, volatile substances, combustion 
substances, coke, C-fix and thermal values. Classic 
laboratoty analisys used. Results are given in table 1. 

Chemical analysis: ash content for quality and 
quantity was determined . Results are given in table 2. 

Humic acids content in the examined lignite sam­
ples was determined by extraction of humic acids in 1 
M natrium-hydroxide solution then extraction was re­
peated with more diluted solution of natrium­
hydroxide (0,5 and 0, 1 M) with water rinsing until the 
extract became light brown and clear. When the un­
soluble part of lignite was separated, humic acids from 
extracts were settled by making then sour to pH 2 with 
hydro-cloric acid. Filtrat was separated from humic ac­
ids by centrifugation. Humic acids were dried at 
lOSOC. Results are given in table 3. 

Elementa1y content was determined in all the four 
samples. Carbon and hydrogen content was deter­
mined by city combustion method as per Pregl, nitro­
gen -per Dumas and sulphur -per Schoninger, w hile 
oxygen was determined by calculation. Results are 
given in table Ii. 

GRATITUDE: We thank Minist1y of Science snd 
Technology of Republic of Serbia for material he lp to 
make this work. 

RESULTS AND DISCUSSION 

"Results of technical ana lysis of lignite samples as 
given in table 1 show all samples of lignite having high 
content of humidity. A bit greater humidity content was 
found in the lignite of "Be lacevac" s ite although it 
ranges in the limits of the average for Kosovo basin. 
The samples of lignite from the holes are of considera­
bly less content of humidity than those from surface ex­
cavation sites. 
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Tab. 1 - Techf)ical analysis o f raw lignite 

"Dobro Selo" "Be lacevac" The ho le 3 The ho le 4 

Humidity,% 43,87 45 ,70 24,52 31,70 

Ash,% 19,59 11 ,lt8 27,35 22,51 

Coke,% 33,03 19,56 lt5 ,27 39,15 

C-fix,% 13,41t 19,56 17,92 16,64 

Volatile matters, % 23,10 23,36 ::\0,21 29, 15 

Combustion matte rs % 36,54 42,82 48,13 45,79 

LTP, KJ/ kg 7079 

S (total) ,% 0,90 

S (in ash),% 0,74 

S (combustible), % 0,16 

Regarding ash conte nt the lignite from "Dobro 
Selo" site is class ified into the third class, the lignite 
from "Belacevac" site into the first class and the lignite 
from the holes in the fourth class of Kosovo basin. The 
ash of samples is of light red colour showing presence 
of fe rric ox ides . Differences in ash content are proba­
bly in connection with genesis of the coal itself i.e. with 
conditions under w hich accumulation of original mate­
rial happened . 

The samples of lignite contain relatively small 
amount of volatile substances, w hich is on the contra1y 
to the rule that younger kinds of coal contain greater 
amount of volatile substances, w hile the coals of highe r 
carbonification level contain less amount of volatile 
matters. Both lignite samples from the holes had 
greater content of volatile co mponents than those sam­
ples from surface excavation sites. 

Highe r percentage of combustion substances 
shows the bette r quality of the lignite from "Belaeevac" 
and from the holes in comparison with those from "Do­
bro Selo" . 

Coke or coke reminat is the hard reminat which is 
obtaine<;I after separation of volatile matte rs. It includes 
organic matte r, ash and a pa rt of the remaining volatil e 
substances. The sample from "Belacevac" has the least 
content of coke. · 

On the basis of results for coke and ash conte nt 
the content of linked carbon, C-fi x was calculated i.e. 
coke without ash having the highest content in the 
samples of lignite fro m "Belacevac". 

Lower the rmal power in the lignite sample from 
"Dobro Se lo" is considerably less than the one from 
"Belacevac" and especially than those fro m the holes. 
When content of combustion substance is compared 
with va lues of the lower the rmal power direct propor­
tionality can be seen. The same depandance is ob­
ta ined w he n content of C-fix values is comared with 
lower thermal power. 

Regarding the total sulphur content the sample 
from "Belacevac" be longs to more qualitative coal in 
comparison w ith the other examined samples of lig-

9051 10720 9980 

0,73 1,22 1,37 

0,60 1,01 1,02 

0,1.3 0,21 0,35 

nite. Relatively low values for combustible sulphur 
show that the greatest quantites of sulphur are found in 
the ash i. e. in the mineral components. 

Results of technical analysis show that the exam­
ined samples of lignite are found at the low carbonifi­
cation leve l be lo nging to the kind w ich is at the transi­
tion between soft brow n and brow n lig nite bearing 
coals. The samples of lignite fro m "Belaeevac" and 
from the both holes are richer in content of combustion 
substances and thermal values than those from "Dobro 
Sela " thus having certain advantages as energetic mate­
rial. On the o the r side the sample of lignite from "Do­
bro Se lo" belo ngs to the coals of less maturi ty level thus 
having ce rta in advantage as potential raw mate rial for 
p roductio n of organic-minera l fe rtili ze rs. 

Rezults of chemical analysis of ash in the exam­
ined samples of lignite given in table 2 show that CaO 
and SiO 2 preva il in all the examined samples: Al20 3, 

Fe20 3 and MgO are present in less extent w hile pres­
ence of othe r oxides is much less. 

Tab . 2 -Chemica l analysis o f ash 

Compo- "Dobro 
"Belacevac" 

the The 
nents, % se lo" ho le 3 ho le 4 

Si 0 2 32,95 30,16 33,81 31,lt9 

CaO 38,76 35,81 32,87 32,91t 

Fp3 6,02 8,28 9,11 9,15 

Alp 3 7,86 7,04 9,80 8,92 

MgO 2,57 lt,31 3,08 3,68 

S03 8,90 10,61 9,23 11 ,32 

MnO 0,22 0,18 0,19 0,21 

Na20 0,41t 1,94 0,66 0,76 

KP 0,53 0,57 0,19 0,61 



Rezults of determination of humic acids content 
were calculated for lignite with total humidity and ash 
(c.h.a.), for lignite without humidity (w.h .) and for lig­
nite without humidity and ash (w.h.a) are given in ta­
ble 3. 

Table .3 -Rezults of determin:it ion of humic acids content 

Lignite t.h .a .,% w.h.,% w".Ii.a ., % 

"Dobro selo" 17,09 30,46 46,79 

"Belacevac" 8,41t 1:3,12 19,71 

The hole 3 13,06 17,19 27,12 

The hole 4 12,69 19,15 28,57 

Table 3 shows that humic acids content in the 
sample of lignite "Dobro Sela" is as follows: calculated 
for the lignite with total humidity and ash -17,09%, cal­
culated for the lignite without humidity and ash -
46,79%. Considerably less amount of humic acids was 
extracted from the lignite samples of the holes 3 and 4 
and especially from the lignite of "Belaeevac". On the 
basis of rezu lts for determination of humic acids con­
tent it can be concluded that the lignite from "Dobro 
Sela " has advantage for p roduction of organic-mineral 
fertrilize rs in comparison with the other examined 
samples. 

Rezults of e lementa1y analisis of lignite given in 
table 4 show that elementary composition in all the 
four samples of lignite ranges within the limits usual for 
younger ki nds of coals. The lignite from "Dobro Sela" 
contains the least amount of carbon and is therefore the 
poorest energetic material of all the examined samples. 

Table Ii -Elementa1y components of lignite, in mass% 

Lignite c H N s 0 Ash 

"Dobro 
59,35 6,22 0,93 0,41 33,09 19,59 

selo" 

"Bela-
61,02 5,35 0,87 0,31 32,li5 11 ,48 

cevac" 

The 
61 ,98 6,03 0,98 O,li7 30,54 27 ,35 

hole 3 

The 
59,85 5,70 1,06 0,53 32,86 22,51 

hole 4 

CONCLUSION 

While examining the four samples of lignite from 
different localities with the purpose of showing possi­
bility of their application in producing ammonium­
nitro-humat we have concluded the following: 

1. The examined samples of lignite belong to the 
coals of low carbonification level and at the transition 
betwee n soft brown and brow n lignite bearing coals. 

37 

2. The samples of lignite from the surface exava­
tion site "Belacevac" and from the holes of the middle 
pa1t of c·oal layer of Kosovo basin are richer in carbon 
and thus they are more qualitative as energetic mate ria l 
than the samples of lignite from the surface excavation 
site "Dobro Se lo". 

3. During extraction of humic acids from the sam­
ples of lignite "Dobro Se lo" 46, 79% of humic acids were 
extracted calculated for lignite w ithout humidity and 
ash and considerably less ammount of humic acids was 
extracted from other examined samples. 

4. Compared with other examined samples of lig­
nite, the lignite from the surface excavation site "Dobro 
Sela" is the most suitable raw material for production of 
ammonium-nitro-humat. 
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REZIME 

KOSOVSKI LIGNIT KAO SIROVINA ZA 
PROIZVODNJU AMONIJUM-NITRO- HlJMATA 

Mi lena PetroviC1 i Petar Pe trovic2 1 Prirodno­
matematicki fakultet, Pristina 2 Ekonomski fakultet, 
PriStina 

Cetiri uzorka kosovskog lignita, sa razlicitih lo­
kaliteta, ispitivani su s ciljem da se ukaze na mogucnost 
njegove primene za proizvodnju amonijum-nitro­
humata . Na osnovu rezultata tehnicke analize, odredji­
vanja sadrfaja huminskih kiselina i e lementarne anal­
ize dosli smo do sledeCih konstatacija: 1. Ispttivani 
uzorci lignita pripadaju vrsti ugljeva niskog stepena 
karbonifikacije i na prelazu su izmedju mekih mrkih i 
mrkolignitsk ih ugljeva. 2. Pri ekstrakciji huminskih 
kiselina sa povrsinskog kopa "Dobro Sela" ekstra­
hovano je 16,79% huminskih kiselina, obraeunato na 
lignit bez vlage i pepela a iz ostalih ispitivan ih uzoraka 
znatno manja kolicina huminsklih kise lina . 3. Lignit sa 
povrsinskog kopa "Dobro Sela" je, od svih ispitivanih 
uzoraka lignita, najpogodnija sirovina za proizvodnju 
amonijum-nitro-humata. 
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Abstract: 

This survey focuses on the regional­
geographic classification ofKorita on the basis of 
the relief structure. Applying the principle of a 

Key words: Regional classification . 

Introduction 

Korita is situated on the north- east part of the 
community Bijelo Polje, and it got its name because of 
trough shape of the re lief of the whole area. 

This rathe r specious, clea rly individuallimestone 
plateau, is morphologically diffe rentiated from the 
ne ighboring areas I Pester Plateau to the north- east, 
Gornji Bihor to the south- east and Donji Bihor to the 
west/ 1, 130/. The area of Kori ta is, as we already stated 
in the previous study grooved by d1y valleys and hol­
lows in the direction of SE-NW, which is also the direc­
tion of is sloping/ towards Bistricka i.e. Djalovska 
gorge/. Regarding the inte rna l re lief structure, Korita 
plateau is characterised by the three city trough-shaped 
valleys in SE-NW direction. They occupy southeast and 
soutln:vest part of Korita, and in the middle/ between 
them/ is a so-called central plateau of Korita. 

Methods 

For areatment regionally- geographical diffe ren­
tiation of Kori ta, the methods of unique type of the re­
lief structure are applied, w hich are conditionally ho­
mogeneous . 

Results and discusion 
Regional-Geographic Classification 
ofKorita 

Applying the principle of a unique re li ef structure 
type w ith a im of evaluating conditionally homogene­
ous regional-geographic diffe rentiation/ 2,109-116 and 
13-28/ of Korita , it is possible to single out several enti­
ties that are encompassedinto relief of this high plateau 
area, and which are of the crucial importance in shap­
ing global appearance of the natural landscape . Apply­
ing this principle, the following entities of the internal 
regional-geographic structure of Korita have been sin­
gled out: 

1.Licinska valley 
2.Lazovska-Dupljacka-Dja lovska va lley 

unique relief structure type a few entities in­
cluded on relief of this high plateau are singled 
out. 

3.Central Koritas plateau 

1.West Koritas area 
5.Mountain frame 

This survey (3,26) prese nts for the first time in our 
regional geography literature a concept of internal re­
g ionalisation ofKorita. According to this concept re li ef 
structure is of a prima1y importance (Fig. 1 ). 

These entities have micro-re lief and 
microclimatic-ecological cha racte ristics, which is obvi­
ously show n through the main types of pedologic and 
micro- vegetation blanket. 

The main characteristics of each regiona l geo­
graphic entities of Korita w ill be presented in the fo l­
lowing text. 

7.l i cinska ua /l ey is namedafte rthevillage 
of Licina , the notion of va ll ey covering wide r area . We 
ca n study it in the narrower of w ider sense. According 
to our opinion, the va lley in the na rrower sense de­
se rves more atte ntio n due to several reasons. Under 
this notion, Licinska valley is an area sta rting south D 
east of the village Licina and ending to the northwest, 
w ith the widening of Milovo Polje ,edging w ith area of 
Kosmatica. Spreading direction of this va lley is SE-N\Xf. 
Licinska valley is framed by areas of Homar, Ostra 
Glava, Kosa, Vrance, Ostronosa, Kosmatica i Crni Vrh . 
The valley has a w ide fl atte ned bottom (cc. 100-150 m) 
with the gently sloping concave sides . The va lley drop 
is low as a result of its well advanced morpho logic evo­
lution . 

Water is present o nly in the southeast part , where 
the river Licincska springs at the foot of the Begluk 
mountain and periodically runs (depending on me te­
orological conditions) all the way to the abyss Jama to 
the north edge of Milovo Polje were it sinks and reap­
peared in Bistricka gorge. Consisting amou nt of water 
the Licinska rive r gets from the spring of Licina situated 
close to the rive r Licinska in the vi llage of Licine.In this 
va lley there is only one settlement under the name of 
Li cine. 

2.la z o vska-D up lj a c ka-Dja vo / ska 
v a I I e y in the regional-geographical sense represents 
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Fig. 2. MORPHOLOGICAL PROFILE OF THE KORITAS PLATEAU 
A-A 1 - morphological profile of Kori ta SW-NE 
B-81 - morphologic:il profile of L:izovsk:i-Duplj:ick:i-Dj:ilovsk:i V:illey SE-N\XI 
C-Cl- morphologic:il profile of Licinska valley :ind Central pleteau 

a uniform valley area, as it is treated in this survey . 
However, our viewpoint is that these are two intercon­
nected karst valleys (Lazovka to the south- east and 
Djavolska-Dupljacka to the north-west), separated by a 
low limestone threshold to the south of village 
Dupljaci. 

(a)Lazovska valley islocatedtothesouth­
east of Lazovic village in the southeast - southwest di­
rection. At Milovo Polje this valley merges with Licin­
ska va lley. In this valley there is the Susica brook that 
springs at the foot of Tutnji hill , close to Lazovici vil­
lage. For 3 km from its source it runs over the surface 
and then sinks and most probably merges with the Lic­
inska river in the abyss of Jama close to Milovo Polje. In 
this valley Lazovici vi llage and the hamlet Susuca are 
located. 

(b) D u p I j a c k o - D j a v o 1 s k a v a 1 I e y 
spreads south-east from Dupljaci village to Bistricka 
(Djavolska) gorge in the southeast-northwest direc­
tion. It occupies the north part of Kori ta to the west of 
Vrhovi and to the south of Sneznica and east of Mal­
jevsko Polje high plateau . Its flattened bottom is 60-

130m wide with a gently sloping concave sides. There 
are two settlements in this valley (Lazovci and Dja­
lovici) and one hamlet (Campari). 

All the three va lleys (Licinska, Lazovska and 
Dupljacka-Djavolksa) have got the same spreading di­
rection, the same geological structure, simillar physiog­
nomy and morphology. 

3 . Ce n tr a I Ko r i ta' s p I a tea u is a uniform 
area spreading between Lazovska-Dupljacka­
Djavolska and Licinska valley. It has characteristics of 
the limestone plateau of more than 1.200 m in high, 
and is represented with a typical karst surface like 
Vrcane (south-west of Lazovici, north-east of Licina ). 
Both Central Karita's plateau area and Licinska valley 
are considered in narrower sense, although in the 
wider sense Petrovo Brdo and Maljevac can be in­
cluded in this area . However we decided to include 
highly karsted Maljevicko Polje together with highly 
karsted areas to the west, into a uniform area entitled 
West Karita's area . Southeast parts of the Central Ka­
rita's plateau (Vrcane area) have characteristics of a 
typical rocky ground with a number of depressions 
with a sporadic appearances of hard karst. It is worth 
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noting that majority of Central Korita's area is defor­
ested , with the exception of Crni Vrh, with a mixed co­
niferous and deciduous vegetation. 

4.West Kori ta 's area covers west part of 
Karita, characteristic uniform karst area of 1.200m in 
high . West Korita's area is a uniform high plateau com­
posed of several area: Koprivna, Kosi, Mladenovci, Os­
tronose, Kosmatica, Gradac, etc . In the west of Korita 
area are a few spacious hollows where the following 
settlements are located: Sipanje, Negobratina and Sipo­
vica. With a view at the economy, this area is better val­
orized because the large part of it is covered with 
meadows and pastures, but it lacks water significantly. 

5.M o u n t a i n .fr a 11 1 e to the west, east and 
south, morphologically indi\·idualizes the plateau of 
Korita.It is separated from Pester by: Katuniste, 
Sneznica, Vrhovi, Zilindar, Ugljanski Krs and Mora­
vacki Krs . These are mountains with relative high from 
1.300 to 1.600m, with highly deve loped karst relief and 
in most parts deforested. The mountain fr;:ime tow;:irds 
Gornji Bihor I the Lesnic;:i river basin I is composed by: 
Moravacki Krs, Ostra Glava, Begluk and Nikin Krs, and 
in the direction of Gornji Bihor: Paljevine, Venac, 
Gvozd and Dijelovi. In the natura l valorization, the best 
utili zed mountains Kruscica and Moravac, with the 
forms of tradition;:il cattle breeding economy, are used 
not only by cattle breders from Karita, but also from 
Peste r and Gornji and Donji Bihor and even from Meto­
hij;:i (Fig. 2). 

Conclusion 

According to thi s, it can be said th;:it Korita is ;:i p;:irt 
of a unique complex of Dinaric-Karst area, w ithout 
consrnnt river courses, crue l climate and strong wing 
during the whole ye;:ir. 
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REZIME 

MORFOGRAFSKI PRIKAZ RELJEFNE STRUKTU­
RE I INTERNA REGIONALNO-GEOGRAFSKA PO DELA 
KORITA 

ALIBASIC Safeta Asistent, PMF, Odsek za geografiju, 
Vidovdanska bb, 38000 Pristina, Yugoslavia 

llzim;:ijuCi u obzir inte rnu reljefnu strukturu, Korit­
sku za ravan karakterisu tri suve koritske doline smera 
JI - SZ. 

One zauzimaju severoistocni i jugozapadni deo 
Karita, a u sredistu I izmedju njih I prufa se central­
nokoritski pl;:ito. 

Primenom metode jedinstvenog tipa reljefne 
strukture, izdvojeno je nekoliko celina ovog visoko­
povrskog prostora . 

To su: 
1. Licinska dolina 
2. Lazovsko-Dupljacko-Djalovska dolina 
3. Centralnokorirtski plato 
Ii. Zapadnokoritska povrs 
5. Planinski okvir (Fig. 1, Fig. 2). 
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ABSTRACT 

The paper presents the results of the peri­
phyton algae research in 19 lakes of the Yugoslav 
part of Sar-planina Mt. The research was made 
within the period of 1984 to 1998, in the lakes, as 
follows: glacial - 13, nivational - 4, and solifluc­
tional - 2. Some 541 taxa were determined in 
these lakes, as follows: Cyanophyta - 54, Pyrro-

INTRODUCTION 

Republic of Serbia represents a real natural re­
source regarding the waters. The respective, first of all, 
refers to non-polluted , potable and healthy waters, not 
often present in many other countries, long time ago al­
ready. Diverse healing waters of many spas, hot and 
cold, mineral were already used by Romans. Even 
nowadays, Serbia abounds in rivers rich in waters, in 
clear mountain creeks, in springs, in geysers and water­
falls. The lakes occupy a special position, as these are 
significant water resources. Vlasinsko Lake has been, at 
present, the most research one, and was described by 
the group of authors (Blazencic ed., 1987). 

A special group of 19 lakes, located on the Serbian 
part of Sar-planina Mt. has been researched, since 1981 
up to present time (llrosevic, 1991, 1991 a, 1997 a, 1997 
b, 1997 c, 1998). 

TIIB SAR-PLANINA Mt. GENERAL 
CHARACTERISTICS 

Sar-planina Mt. is located at the border between 
Macedonia, Albania and Serbia. Its bordering zone is 
the Lepenac River and Ljuboten mountain peak at east, 
while, Mavrovo Lake at southeast. It spreads along the 
mountain crest in a length of 83-km (Figure 1). Sar­
planina Mt. is classified within young mountains (Terti­
ary), formed during Alpine Oro-genesis , and is still un­
der the process of corrugation. 

From the geologic aspect, Sar-planina Mt. is made 
of c1ysta l schist and marble , including its famous Ljubo­
ten marble board. Its pedological composition: 20 soil 
types . 

A special significance is given to its abundant flora 
and fauna. Its 110 lakes ( Cukic, manuscript), of w hich, 
19 were researched by the team, could be divided in 
three groups: 

I - Glacial <glacier erosion): 1. Veliko Jazinacko 
Lake (2 ,128 m/ as/ l), 2. Mali Vir Lake 1 (2 ,160 m/ a/ s/ l), 
3. Mali Vir Lake 2 (2,159 m/ a/ s/ l), 1. Malo Jazinacko 

phyta - 4, Chrysophyta - 2, Bacillariophyta - 273, 
Xanthophyta - 4, Euglenophyta- 11, and Chloro­
phyta -196. 

The differences existing in the vegetation 
and flora between the glacial and nival lakes were 
determined. Bacillariophyta representatives 
dominated in glacial lakes, while Chlorophyta in 
the nival ones, respectively. 

0 100 km 

PRIZREN 

0 Skm ,___, 

Fig. 1 
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Lake (2,220 m/ a/ s/ l), 5. Veliki Vir Lake (2,315 m/ a/ s/l), 
6. Gornje Blatesticko Lake (2,215 m/ a/ s/ 1), 7. Srednje 
Blatesticko Lake (2,210 m/ a/ s/ I), 8. Donje Blatesticko 
Lake (1,950 m/ a/ s/I), 12. Livadicko Lake (2,173 
ma/ s/ l), 15. Donje Veljinbesko Lake (2,085 m/ a/ s/ I), 
16. Srednje Defsko Lake (2,080 m/ a/ s/ I), 17. Gornje 
Ginevodno Lake (2,250 m/ a/ s/ l), and 18. Srednje 
Ginevodno Lake (2,250 m/ a/ s/ l). 

II - Nival (neve e rosion): 9. Gornja Sija Lake 1 
(1 ,860 m/ a/ s/ I), 10. Gornja Sija Lake 2 0 ,860 m/ a/ s/ I), 
11. Mekus Bor Lake (1,840 m/a/s/ I), 19. Gornje Veljin­
besko Lake (2,110 m/ a/ s/I). 

Table 1. 

III - Solifluctional lakes (between glacial and ni- ' 
val) : 13. Gornje Tupankamensko Lake (1,950 m/ a/s/!), 
and 14. Donje Tupankamensko Lake 0,560 111/ a/ s/ I) . 

THE PAPER RFSULTS AND DISCUSSION 

The periphyton alga research was made within 
the period of 1981 to 1998 at 19 lakes of Sar-planina Mt. 
Some 541 taxa were determined in these lakes, as fol­
lows: Cyanophyta - 51 , Pyrrophyta - 4, Ch1ysophyta - 2, 
Bacillariophyta - 273, Xanthophyta - 4, Eugle nophyta -
11, and Chlorophyta - 196 (table 1). 

S p e c i e s l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

C Y A N 0 P H Y T A 

Anabaena affinis LEMM.~ + + 
Anabaena flos - aquae BREB. + 
Anabaena s-p. + 
Aphanota••~ · globosa ELENK. + 

.Aphanothece stagnina(SPRENG.) 
8 0 PETERS .• et GEITL. . + + + 
Caloth'rix parietina THURET. + + + + 
Calothrix sp. + 
Chamaesiphon incrustans GRUN. + 
Chamaesiphon polimo·rphusBR.etGR . + 
Chroococcus helveticus NAG. + + 
Chroococcus minor(KTZ.)HOLERB. + 
Chroococcus limneticus(KTZ. )HOl:i. + 
Chroococcus sp. · .• + 
Coelosphaerium ktttzingianum NAG .• + 
Coelosphaerium proboscideum BOHL. + 
Dactyloeoccopsis rhaphidoides HANS. + 
Dichothrix gypsophylla KTZ. + 
Gloeocapsa gigantea(W.WE.)HOLL. + 
Gloeocapsa rupestris KTZ. + 
Gloeocapsa turgida(KTZ. )HOLL. +. + ' + 
Gloeocapsa sp. + 
Haplosiphon sp. + 
Hydroeoleus brebissonii KTZ. + 
Mic·rocystis aeruginosa KTZ. 

·; 

+ + 
Microeystis aeruginosa f. 
marginata(MENEGH. )ELENK. + 
Microcystis elabens MENEGH. + 
Microcystis marginata(MENEG.)KTZ. + + 
Microcystis sp. + 
Microcystis sp. + 
Merismopedia elegans A.BR. + + 
Merismopedia punctataMEYEN. + + 
Merismopedia tenuissima LEMM. + 
Nostoc disiforme FRITSCH. + 
Nostoc linckia FREMY + 
Nostoc kihlmanii LEMM . + + + + 
Nostoc palidosum KTZ. + + + 
Oscillatoria geminata(MENE. )GOM + + 
Osillatoria princeps VAUCH. + 
Oscillatoria splendida GREV. + + 
Oscillatoria terbriformis(AG. )ELENK. + + 
Pho·rmia ium. ambiguum GOM * Phormidium autumnale (AG . )GOM. + + + + + 
Phormidium f'avosum GOM. + + 
Phormidium papuraceum GOM. + 
Pho·rmidium uncinatum + 
Phormidium sp . + 
Pho·rmidi~!I! . sp . + 
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S p e c i e s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Scytonema mirabile AG. + + 
Symploca mucorum (AG. ) GOM." + + + 
Synechococcus aeruginosa NAG. + + 
Spirulina sp. + 
stigonema ocellatum(DILLV. )THUR. + + 
Stratonostoc linckia (ROTH. )BORN. + + 
Tolypothrix tenuis f'. lanata 
(WARTM 0 )KOSSINSK. + 

P Y R R 0 P H Y T A 

Gleodinium sp. + 
Peridinium cinctum EHR. + 
Pe·ridinium palustre ( LIND. ) LEFR. + 
Peridinium villei (HUITF. )KASS. + 

C H R Y S 0 P H Y T A 

Chrysopyxis sp. + 
Hydrurus phoetidus (VILL. )TREV .• +· 

B A C I . L L A R I 0 P H Y T A 

Achnanthes coerctate BRJ~e • . + + + + + l'-
Achnanthss lenceolete (BREB, )GRUN. + + + + + + 
Achnanthes lenceoleta ~.capiteta 
a.MULL. + + t + 
Achnenthes lenceolete f'. vent·ricosa 
HU::iT. + + 
Achnanthes lanceolata var. rostrata 
( .0STR. ) HUST. + + 
Achnanthes laterostrata HUST. .+ + 
Achnanthes minutissima va·r. 
cryptocephyla KTZ. + 
Achnenthes trinodis(W.SM. )GRUN. + + + 
Amphora ovalis KTZ. + 
Ampho·ra ovalis ver.pediculusKTZ.-t-

+ + + + + + + + 

Ampho·ra veneta KTZ. ~ . +· 
Amphora sp. + 
Amphora sp. + 
Anomoeoneis seriana var. 
brachysira (BR:tB, )HUST. + + + 
Anomoeoneis styriaca ( GRUN.)HUST~ + 
An-omoeoneis zellensis (GRUN.)C.L. + + + + 
caloneis alpestris (GRUN. )CL. + + + + + + 
Caloneis bacillum(GRUN. )MER. + + + + + + + 
Caloneis silicula (EHR. )CL. + + + + + + + + + + + + 
Caloneis silieula var.alpine CL. + + + + 
Ca lone is silicula var. major GRUN. + + + 
Ca lone is silicula var. longissima 
SCHIRSCHOW. + 
Caloneis silicula var. ventricosa 
(EHR. )DONK. + 
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--
Caloneis sp. + 
Ceratoneis arcus (EHR.)KTZ . + + + + + + + + 
ceratoneis arcus var. 
amphjoxys (EHR . )DONK. + 
ceratoneis arcus vRr. linearis 
HOLOMBOE. + + + + + + + 
Cocconeis placentula EHR. + + 
Cocconeis placentula var. 
euglypta (EHR. ) CL. + + + + + 
Cocconeis placentula var. 
intermedia(HERIB.etPERAGE)CL. + 
Cocconeis pediculus EHR. + 
Coscinodiscus rothii (EHR. )GRUN . + + 
Coscinodiscus sp. + 
Cyclotella bodanica EULEN~T. + + + + + + + + 
Cyclotella comta (EHR. )KTZ. + + 

,. Cyclotella ocellata PANT . + + 
Cyclotella sp. + 
Cyclotella sp. • + 
Cymatopleura solea (BREB. ) W.SM. + + + 
Cymatopleura solea var.gracilis GRUN. + 
Cymbella aequalis w.sM. + + + + + 
Cymbella affinis KTZ. .. + + + + + + 
Cymbella amphycephala NAG. + 
Cymbella aspera (EHR. )CL. + + + + + + + + 
Cymbella cistula (HEMP. )GRUN. + ' + + + + + + 
Cymbella cistula var.gibbosaBRUN. + + 
Cymbella cuspidata KTZ . + + 
Cymbella cymbiformis (AG.?KTZ. )V.H. + + 
Cymbe lla ehrenbergii K!?Z. + 
Cymbella gracilis (RABENH. )CL. + + + + + + + + + + 
Cymbella hebridica (GREG. )GRUN. + + + 
Cymbella helvetca KTZ. + + + 
Cymbella helvetica var. curta CL. + 
Cymbella heteropleura EHR. + 
Cymbella heteropleura var. minorCL. + 
Cymbella inaequalis EHR. + + 
Cymbella lanceolata (EHR. )V.H. + + + + + + 
Cymbella laevis AG. + 
Cymbella leptoceros (EHR. )GRUN.+ + 
Cymbella naviculiformis AUERSW.-+< + + + + + + + + 
Cymbe lla parva ( W. SM. ) CL. + 
Cyillbella prostrata (BERKELE%)CL. + 
Cymbella prostrate var. 
au er swa ld ii ( RABENH. ) REIN • + 
Cymbella sinuata GREG. + + + + 
Cymbella tumidula GRUN. + + + 
Cymbella turgida (GREG. )CL •. + 
Cvmbella ventricosa KTZ. + + + + + + + + + + + + + 
gym be lla s ~. + 
enticula enuis KTZ. + 

Denticula tenuis va~.crassulaCL. + 
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Diatoma anceps (EHR. ) KIRCHN. + + 
Diatoma hiemale(LYNGB.)HEIB. + + + + + + + + 
Diatoms hiemale var. mesodon 
(EHR . )GRUN . + + + + + + 
Diatoma vulgare BORY + + + + + + + + 
Diatoms vulgare var. ova le 
(FRICKE)HUST . + + + 
Didimosphenia geminata(LYNGlllSwt 
Diploneis elliptica(KTZ.)CL. , + + 
Diploneis ovalis (RIISE . )CL. + + 
Diploneis ovalis var. oblongella 
( ( NAEG, ) CL. + 
Epithemia argus KTZ. + + + 
Epithemia argus var.angustata 
FRICKE + 
Epithemia argus var. capitata ,1 • ' 

FRICKE. + 
Epithemia argus var. longicornisGRUN. + 
Epithemia sorex KTZ. + 
Epithemia sorex var. saxonica KTZ. + 
Epithemia turgida (EHR . ) KTZ. + 
Epithemia zebra(EHR.)KTZ. + + + 

~ithemia zebra var. porcellus 
( KT Z • ) GRUN • + 
Eucocconeis flexell• = KTZ. + 
Eucocconeis flexella var. 
gracilima KRASSK§. + + 
Eunotia alpina(NAG.)HUST. + 
Eunotia argus EHR. + 
Eunotia arcus var. angustataGRUN~ + + 
Eunotia arcus var. bidens GRUN. + + + + 
Eunotia arcus var. binodis GRUN. + 
Eunotia bigibba KTZ. + + + + 
Eunotia bigibba var. pumila GRUN. + + + 
Eunotia diodon EHR. + + + 
Eunotia fallax var. gracillima 
KRASSKE + + + + + + + + 
Eunotia flexuosa(BREB.)KTZ. + -- + - + 
Eunotia gracilis(EHR.)RABENH. + + + 
Eunotia lunaris (EHR . ) GRUN. + + 
Eunotia microcephala EHR. + + 
Eunotia mesolepta var. binodis EHR. + 
Eunotia paralella EHR. + 
Eunotia pectinalis(DILLH?KTZ.)RABENH. + 
Eunotia pectinalis var.minor(~'- 1 •c' · . .. .. 
(KTZ . ) RABENH. , it + + + + 
Eunotia pectinalis var. ventricosa 
(EHR . )KTZ . + 
Eunotia praerupta EHR. + + + + + 
Eunotia praerupta var. bi dens 

: W. SM. ) GRUN • + + + + 
Eunotia praerupta var. inf la ta 
GRUN. + 
Eunotia praerupt:a var. muscicola 
BOYE P. + + + + 
Eunotia robusta var. tetraedon 
RALF. + + 
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Eunotia tenella(GRUN.)HUST. + 
Eunotia valida HUST. + + + + ~' + +, + 
Eunotia sp. + 
Eunotie sp. + 
Eunotia sp. + 
Fragilaria bicapitata A.MAYER + 
Fragilaria construens (EHR. )GRUN. + 
Fragilaria construens var. 
binodis (EHR. )GRUN. + + + + 
Fragilaria inflate LYNGB. + 
Fragilaria intermediaGRUN. + + + + + 
Fragilaria leptostauron(EHR.)HUBT. + 
Fragilaria pinnate EHR. + + + + + + + + + + 
Fragilaria pinnate var. 
lancettuls ( SCHUM. ) HU~T. + + 
Fragilaria virescens var. 
capitata GRUN. + 
Frustulia vulgaris THW. + + + + + 
Frustulia rhomboides var. 
saxonica f. undulata (RABENHlEHR. + 
Gomphonema acuminatum EHR. + 
Gomphonema acuminatum var. 
coronatum (EHR. ) W.SM. + 
Gomphonema angustatum (KTZ. )RAB.+ + + + + + + + + 
Gomphonema angustatum var. 
productum GRUN. + + 
Gomphonema gracile EHR. + + + 
Gomphonema helveticum BRUN. + 
Gomphonema helveticum var. 
tenuis (FRICKE. )HUST. + 
Gomphonema constrictum EHR. + + + + + + + + + + 
Gomphonema constrictum var. 
capitatum (EHR. ) CL. + + + 
Gomphonema intricatum KTZ. + + 
Gomphonema intricatum var. 
pumilum GRUN. + + + + + + 
Gomphonema intricatum var. 
vibrio KTZ. + 
Gomphone~a longiceps EHR. + + 
Gomphonema longiceps var. 
montanum ($CHUM. ) CL. + + + + + + 
Gomphonema longiceps var. 
montanum f. suecicum GRUN. + + 
Gomphonema longiceps va·r. 
subclavatum GRUN. + + + + + + 
Gomphonema o li vaceum ( LYNG Bl K'lZo-+ + + + + + 
Gomphonema olivaceum var. 
calcareum + + + + 
Gomphonema olivaceum var. 
minutissima GRUN. + 
Gomphonema parvulum (KTZ. )CL. + + + + + + + 
Gomphonema parvulum var. 
micropus (KTZ. ) CL. + 



49 

S p e c i e s 1 2 3 4 5 6 7 8 9 10 11 12 13 1.4 15 16 17 18 19 

Gomphoneme subtile EHR. 
Gemphonema subtile var.sagittum 
(SCHUM. )CL. 
Gomphonema sp. 
Gomphonema sp. 
Gyrosigma scalproides (RABENH, )CL. 
Gyrosigme sp. 
Hent~schia amphioxys var.major 
(JRUN .' -. . + 
Hantaschia amphioxy f. capitata 
O. MULL. + 

+ 

+ 

+ + 

+ + + 
Hantzschia major GRUN. 
Hantzschia .virgata (ROPER )GRUN. 
Melosira granulata ( EH~..11. ) RALFS. 
Melosira islandica O.MULL. 
Melosira italics var. valida 

+ + + + + 

(GRUN. ) HUST. 
Me losira roeseana RABENH. 
Melosira sp. 

+ + + + + + + + 

Meridian circulare AG. 
Meridion circulare var. 

+ 
+ + + + 

constrictum(RALFS. )V.H. + + + + 
Navicula becillum EHR. + + 
Navicula contents GRUN. + + + + 
Navicula contents f. biceps: .J.:~. + + 
Navicule contents f .paralella 
BOYE P. 
Navicula cryptocephala KTZ. 
Navicule cuspidata KTZ. 
Navicule cuspidata f. 
primigena DIPP. 
Navicula dicephala (EHR. ) W.SM. 
Navicula dismuticaKRASSKE 
Navicula gracilis EHR. 
Navicula mutica KTZ. 
Navicula mutica f. lanceolata 
GRUN 
Navicula menisculus SCHUM. 

+ 

+ 

+ + 
+ 

+ 

+ + + 

+ + + 
+ + + 

Nevi cu la perpusi l .la GRUN. + + + + + + + 
Navicula pseudograci lis SKV. 
Navicula pseudoscutifo·rmis HU::>T. + 
Navicule pupula KTZ. + + + 
Navicula pupula var.elliptica HUST. 
Navicula pupula var.capitata HUST. 
Navicula pergarina (EHR. )KTZ. 
Navicula rediosa KTZ. + 

+ + + + 

+ 
Navicula rhynchoceph~la KTZ. 
Navicula rotaeana (RABENH. )GRUN.+ 
Navicula tackei HUST. + + · + 
Navicula viridula KUTZ. 
Navicula sp. 
Neidium affine var. 
amphirhynchus (EHR.) CL. 
Ne1dium bisulcatum( IAG. )CL. 
Neidium dubium (EHR. ) CL. 

+ 

+ + + 

+ + 

+ 
+ 

+ + 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ + 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ + 
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Neidium iridis (EHR. )CL. + + + 
Neidium iridis var. 
amphigomphus (EHR.)V.H. + + 
Neidium iridis var. ampliatum 
(EHR.) CL. + + + + + + 
Nitzschia gracilis HANTZSCH. + 
Nitzschia gracilis var. capitata 
WI:::>T. et PORETZKI + + + + 
Nitzschia microcephala GRUN. + 
Nitzschia linearis W.SM. + + + + 
Nitzschia sinuata(W.SM. )GRUN. + 
Nitzschia tharmalis var.minor KTZ. + + + + + + + + 
Nitzschia vermicularis (KTZ. )GRUN. + + + 
Pinnularia borealis EHR. + + + + + + + + + + + 
Pinnularia borealis var. 
brevicostata (EHR. ) HUST. + + + 
Pinnularia dactylus EHR. + + 
Pinnularia distiguenda CL. + + + + + + + + ·! + + + + + 
Pinnularia divergens W.SM. + + + 
Pinnularia divergens var. 
undulate HERIB. et PERAG. + + 
Pinnularia gibba EHR. + + + + + + + 
Pinnularia giba var. linearis 
HUST. + 
Pinnularia gibba f.subundulata 
A. MAYER + + 
Pinnularia intermedia lAGERST + 
Pinnularia interrupts W.SM. + + + + + 
Pinnulsria interrupts f.minorBOYE + + + + + 
Pinnularia interrupts f. 
minuti~si•~-- , HU:::>'.J;. + 
Pinnularia lata ( BREB. )W.SM. + 
Pinnularia lata var.thueringiaca 
( RABENH. ) A .MAYER + + + + + + + + + 
Pinnularia major (KTZ. )CL. + + + + + 
Pinnularia major var.hyalina HUST. + + + 
Pinnularia major var.paludosa MEI:::>T. + 
Pinnularia major var. lacustris .MEI ST. + 
Pinnularia mesolepta (EHR.)W•SIFt + + + + + + + + 
Pinnularia mesolepta f. 
angustata CL. + + + + 
Pinnularia mic~ostauron (EHR. )CL.+ + + + + + + + 
Pinnularia molaris GRUN. i' + + + + + + + 
Pinnularia nobilis EHR. + 
Pinnularia stomatophora GRUN. + + + + + 
Pinnularia subcapitata GREG. + + + + + 
Pinnularia subcspitsts.vsr. 
hilseana (JANISCH. ) O.MULL. + 
Pinnularia viridis (NITZSCH. ) EHR. + + + 
Pinnularia viridis var.elliptica 
MEIST. + + 
Pinnularia viridis var.fallax 
CL. + . + + + + + + + + 
Pinnularia viridis var. 
leptogongula(EHR.?GRUN. ) CL. + + + + + 
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Pinnularia viridis var. 
rupestris (HANTZSCH. )CL. + + + 
Pinnularia vrridis var. 
sudetica (HILSE )HUST. + + + 
Pinnularia viridis var . 
intermedia CL. + 
Pinnularia sp. + 
Pinnularia sp. + 
Rhizos<>l.enia longiseta ZACHARIS + 
Rhopalodia gibba(EHR. ) O.MULL. + + + 
Stauroneis acute W.SM . + ·-+ + + + + + 
Stauroneis anceps EHR. + ;·+··+ + + + + + + + + 
Stauroneis anceps f . gracilis 
(EHR. )CL. + 
Stauroneis obtuse IAGERST. + 
Stauroneis phoenicenteron EHR. + + + + + + + + + 
Stau·roneis smith ii GRUN. + + + + + 
Stauroneis smithi var. 
incisia PANT. + 
Surirella angustata KTZ. + + 
Surirella biserata BR~B. + + 
Surirella biserata var. constricta 
GRUN. + 
surirella didyma var. minor SKV. + 
surirella linearis var. 
constricts (EHR . )GRUN. + 
surirella linearis var . 
helvetica EHR. + + 
Surirella ovata KTZ. + 
Surirella ovate var. pinna ta 
(W. SM. ) HUST. + 
Surirella robusta var. 
splendida EHR. + + 
Surirella sp. + 
Surirella sp . + 
Surirella sp. + 
Synedra acus KTZ . + + 
Synedra acus var .·radians (KTZ . )HUST . + 
Synedra ulna(NITZ. ) EHR. + + + + + 
Synedra ulna var. aequalis (KTZ. )HUST. + + 
Synedra ulna var. biceps (KTZ. )CHUNF. + 
Synea·ra ulna var.amphirhynchus 
(EHR. ) GRUN. + + 
Synedra sp. + 
Tabellaria flocculosa (ROTH. )KllZ. + + + + + 
Tabellaria fenest1tata ( LYNGB . )KTZ. + 
Tetracyclus rupestris(A.BR. )GRUN . + 

X A N T H 0 P H Y T A 
Tribonema sp . + 

E U G LE N 0 p H y T A 
Euglena mega li tos SKUYA + 
Euglena pisciformis KLESS + + 
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Euglena sanguines EHR. + + 
Phacus sp. + 
Strombomonas acuminata (SCHMA .)DELF. + + + 
Trachelomonas cervicolaSTOKES. + 
Trachelomonas hispida var.coronata LEMM. + 
Trachelomonas hispida var.granulataPI.AUF. + 
Trachelomonas volvocina var.volvoc .EHR. + + + + 
Trachelomonas sp. + 
Trachelomonas sp. + 

CHLOROPHYTA 
Asteriococcus superbus(CEINK.)SCHER. + 
Ankistrodesmus angustatusBERN. + + 
Ankistrodesmus spiralis(TURN.) LEMM.+ 
Ankistrodesmus sp. - + 
Ankistrodesmus sp. + 
Ankistrodesmus sp. + 
Ankistrodesmus sp. + 
Botriospha~ra sudeticaCHODAT. + + 
Bulbochaete setigera ROTH. + 
Bulbochaete sp. + 
Bulbochaete sp. + 
Bulbochaete sp. + 
Chaetonema irregularis NOWAKOW. + 
Chaetophora elegans AG. + + + + + 
Chlamydomonas sp. + 
Characium sp. + 
Characium sp. + 
Chlamydocapsa ampla(KTZ.)FOTT. + 
Chlamydocapsa planctonicaFOTT. + 
Closterium cornu EHRENB. + + 
Closterium costatum CHORDA + + 
Closterium cynthia DE NOT. + 
Closterium dianae EHRENB. + + 
Closterium juncidum RALF'S. + 
Closterium jenerii RALF'S. + 
Closterium leibleinii KTZ. + 
Closterium lunula EJIRENB. + 
Closterium ktltzingH B-REB~ • + 
Closterium parvulum N.IW. + + 
Closterium striolatum EHR. + 
Closterium umbilicatum LUTK. + 
c oe Ia strum cos taYum-NORDS. + 
Coelastrum microsporum NIG. + 
_Coelas_tr'!_m ~haericum NAG. + 
Cosmarfum angulOsum B}{EB. -· + 
Cosmarium b~tii WILLE + + + 
Cosmarium boeckii var. boeckii WILLE + 
Cosmarium botrytis MENEGH. + 
Cosmarium calcareum WITTR. + 
Cosmarium coelatum var. coelatum 
f. coelatum RALF'S. + 
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Cosmarium conspersum var. 
conspersum RALF'S. + + 
cos.arium conspersum var. lat um 
(BREBo ) W. et G.~. W~ST. + 
cosmarium cucurbita BRJ!!B. + + + 
Cosmarium debaryi var.debaryi ARCH. + + 
cosmarium didimochondrum NORDS. , + 
Cosmarium pranuletum ver.grenulatum BREB. + + 
Cosmerium hexalobum NORDST . + 
Cosmerium hornevense GUTW. + 
Cosmerium hammerii BR~B + 
Cosmarium impressulum ELFV. + + + + + + + 
Cosmarium latum BR~B. + 
Cosmarium longiense BISS. + 
Cosmarium leeve RABENH. + 
Cosmarium meneghinii BR~B. + + + 
Cosmarium margeritiferum MENEGH. + + 
~osmarium magnificum HOD. + 
Cosmarium novae-semlje WILLE + + 
Cosmarium notabile DE BARY + + 
Cosmar.ium obtusatum SCHMIDLE + + 
Cosmariulli orbiculare ( RAL. ) PAL-MOR. + 
Cosmarium ochtodes NORDS. + 
Cosmarium pachidermum var. 
pachidermum MENEGH. + + 
Cosmerium portianum var. 
portiai:ium ARCH. , + + 
Cosmer1um phaseolus BREB. + 
Cosmarium pseudoamoenum WILLE + 
cosmarium pseudonutridulum NORDS. + 
cosmarium pygmeum ARCH. + 
Cosmarium regnellii WILLE + 
Cosmarium subcrenatum HANTZSCH . + 
Cosmarium subexclavatum W.etG.WEST . + 
Cosmerium subprotumidum NORDST. + + 
Cosmarium subimpressulum BORGE + 
Cosmarium simplicius ( W.etG.~ . ) GR. + 
Cosmarium tetraophtalmum BREB. "* Cosmarium trilobulatum REINCH . + 
Cosmarium turpini BR~B + 
Cosmarium undulatum CORDAetRALFS. + + 
Cosmarium venustum ( BR~B. ) ARCH + + 
Crucigenie tetrapedia (KICH )G.S . W. + 
Cylindrocapse geminella WOLLE. + 
Cylindrocapsa sp. + 
Cylindrocystis brebissonii MENE. + + 
Desmidium swartzii AG. + + 
Dictiosphaerium puche llum WOOD. + 
Dreparnaldia glomerata(VAUCH.)C.AG.+ 
Eremosphaera viridis DE BARY + + + + 
Euastrum affine RALF'S. + 
Euastrum ampulaceum RALF'S. + + +. 
Euastrum ansatum EHRENB. + + 
Euastrum bidentatum NAG. + 
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Euastrum denticulatum(KIR . )GAY + + 
Euastrum elegans(BR:gB)KTZ . + + + 
Euastrum insulare ( WITR . ) ROY . + + 
Euastrum oblongum(GREV . )RALFS . + + 
Euastrum pinnatum RALF'S . + + + 
Euastrum pulchellum BR~B . + 
Euastrum verrucosum EHRENB . + + + 
Euastrum verrucosum va·r . 
alatum WOLLE + 
Geminella mutabilis(NAG . )WOLLE + 
Gloeocystis ample KTZ. + + 
Gonatozygon monotaenium DE BARY + 
Gonatozygon brebissonii DE BARY + 
Geminella sp. · + 
Haylotheca dissilens(SM.)BR~B . + + 
Mesotaenium macrococcum(KTZ.) 
ROY et BIS . + 
Micrasterias papilifera BR:gB . , + + + 
Micrasterias truncata(COR . )BREB . + + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp. + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp . + 
Mougeotia sp . + 
Netrium digitus(EHR . )IiZ . etROT . + + + + 
Netrium interruptum(BR B. )IlJTK. + + + 
Netrium oblongum(DE BARY)IlJTKEM + 
Oedogonium sp. + 
Oedogonium sp . + 
Oedogonium sp. + 
Oedogonium sp. + 
Oedogonium sp + 
Oedogonium sp . + 
Oedogonium sp. + 
Oedogonium sp . + 
Oedogonium sp . + 
Oedogonium sp . + 
Oedogonium sp. + 
Oocystis lacustris CHODAT . + i: 
Oocystis nSgelii A. BRAUN . + + 
Oocystis sp . + 
Oocystis sp. + 
Palmella miniata LEIBL. + 
Pediastrum angulosum MENEGH. + + + 
Pediastrum boryanum(TURP . )MEN . + + + + + + 
Pediastrum braunii WARTM. + 
Pediastrum integrum MEYEN . + 
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3 p e c i e s 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Pediastrum tetras(EHR.)RALFS. + + + 
Penium cylindrus(EHR . )BR~B . · , + 
Penium margaritaceum(EHR.)BREB. + + + + + 
Penium spirostriolatum BARKER. + + + 
penium spinospermum JOSH. + 
Penium polymorphum PERT~ - + 
Pleurotaenium trabecula(EHR.)NAG, +. + + 
Pleurotaenium ehrenbergii(BR~B) 
DE BARY + 
Roya obtusa(BREB . )W.et G.WEST. + + + 
~cenedesmus acuminatus(IAG.)HOD. + + 
Scenedesmus acutus f.alternansHOR. + + 
Scenedesmus brevispina(G.M . S.) ··: 
CHOD . + + 
Scenedesmus brasilliensisBOHLIN . + + 
Scenedesmus ecornis(RALFS.)CHOD. + + 
Scenedesmus incrassatus BOHLIN. + 
Senedesmus quadr~cau~a var. 
quadricauda(TURP.)BR B. + + + 
Scenedesmus quadricauda var . quadri -
cauda f.granulatus(HORTOB.)UHERKOV. + 
Scenedesmus quadricauda var.westii 
G.M. SMITH. + 
Scenedesmus spinosus CHOD. * + 
Scenedesmus sp. + 
Scenedesmus sp. + 
Sphaerocystis schrBeteriiCHOD. + + + + 
Spirogyra sp. + 
Spirogyra sp. + 
Spirogyra sp. + 
Spirogyra sp. + 
Spirogyra sp. + 
Spirogyra sp. ~ + 
St aura strum alternans BREB. + 
staurastrum dijectum BR_gB. + + + 
Staurastrum dickiei BR_gB. + + 
St aura strum gladiosum(T.)P.MO~. + 
Staurastrum haetoceros(SCH.)GTM.SMITH. + 
Staurastrum polytrichum(PE~TY)RAB. + + + 
Staurastrum punctulatum BREB. + + + + 
Staurastrum simonyi(BEIM.)P.MORD. + 
Staurastrum meriani REINCH. + 
Staurastrum margaritaceum 
(EHR . )MENEGH . 1·+ 
Staurastrum pungensBREB. + 
Staurastrum sp. + 
Tetememorus laevis (KTZ . ) RALF'S. + + 
Tetrastrum punctulatum(SCMID)-&114-!t- + 
Tetrastrum triangulare(CHOU.)KOMe "' Trebouxia arbicola PUYM. + + + 
Ulothrix zonataKTZ. + + + + 
Ulothrix sp. + 
Xanqidium antilopaenum 
( BREB.) KTZ . 
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S p e c i e s .1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Xanthidium antilopaenum var . 
oligacanhum SCHMIDLE 
ZygnemB sp. 
Zygnema sp. 
Zygnema sp. 
Zygnema sp. 
Zygnema sp . 
Zygnema sp. 

+ 
+ 

The glacia l lakes researched were located at the 
highest altitude (2,187 m/ a/ s/ 1 average), had rocky bot­
toms and shores. Waters from cold mountain creeks, 
precipitation, snow and ice melting supply these lakes. 

Nival lakes, compared to glacial lakes, are some­
w hat lower located 0,912 m/ a/ s/ l average) . Higher 
plant vegetation occupies the lakeshores; rocks, slime 
and moss cover their bottoms. These are filled with wa­
ters from ground creeks, snow melting and precipita­
tion. 

Solifluctional lakes covered with the alga research 
are located at the lowest gradient (1,575-m/ a/ s/ l aver­
age). The lake shores are covered with higher plant 
vegetation, while the bottoms are covered with macro­
phyte vegetation and slime. Surrounding creeks, snow 
melting and precipitation provide the lakes with water. 

The diversity of the conditions gave different pic­
ture of periphyton micro-flora . 

The glacial lakes' periphyton base is made of the 
Bacillariophyta representatives, being present from 
51.7 to 95.5%. Among the glacial lakes, Srednje Defsko 
Lake was distinguished as per domination of the Chlo­
rophyta representatives, being present to 57.2%. 
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The nival lakes' periphyton communities differed 
from those of the glacial lakes with regard to the domi­
nation of Chlorophyta representatives, whose pres­
ence ranged from 44.4 to 63.5%. The Chlorophyta and 
Euglenophyta representatives were equally present 
(26.3% each) in Mekus Bor nival lake. 

Two solifluctional lakes, of which : Gornje Tu­
pankamensko, among the g lacia l and nival lakes, was 
the only that, exclusively, had the representatives of 
the Bacillariophyta divisions (15 taxa, 100.0%). In 
Donje Tupankamensko Lake, the Bacillariophyta rep­
resentatives dominated over other alga (69.0%), also 
had large number of the Cyarwphyta representatives 
presented with 8 taxa, or 11.8% (Figure 2). 

Within the overall composition of the lakes' 
micro-phyte communities, the Bacillariophyta division 
had the largest number oftaxon (273) within 33 gener­
a, as follows: Pinnularia - 36 taxa, Eunotia and Cym­
bella - 28 taxa each, Navicu/a- 26 taxa, Gomphoneina-
25 taxa, Surirella - 12 taxa. Cettain taxa were only found 
in the frames of the genera , as follows; Didimo~phenia, 
Rhizosplenia, Rhopalodia and Tetracyclus. 

The Chlorophyta representatives, although less 
numerous ( 196 taxa), compared to Baci/lariophyta, are 

95 
":' 89 

82 ;;; ;__ 
':"-: 

102 ..,., 

~ 

CTI C YANOPHYTA 
~ PYROPHYTA 

71 .,:: 

~ GlRYSOPHYT A 
C:J BACILARIOPHYT A 
~ XAN THOPl-lYT A 

Wllhl EUGLE~J OPHYT.LI. 

- CHLOROPHYT A 
~ 

53 
Oil 

~ ~ If Cr; 

15 19 
LOC A L I TIES 

Figure 2.. 



characterized with more diverse affiliation to the taxa , 
with the following genera (15 genera): Cosmarium -
44, Scendesmu::,~ Mougeotia, Closterum, Staurastrum 
with 12 taxa each, etc. 

Cyanophyta, according to the number of taxon 
(54), occupied third position. These have found the 
most favorable conditions for its development with 12 
taxa in Gornje Veljinbesko nival lake. 

Regarding the Sar-planina Mt. geologic character­
istics, mentioned before, a conclusion was derived 
that, its geologic diverse composition produces the 
ground for the diverse community of micro-flora 
w ithin each of the lakes researched (Figure 2). The re­
spective means that, in addition to other factors, the 
geologic one, no doubt, plays great role too. The two 
species of Cymbella ventricosa and Pinnularia dis­
tiguenda were the residents in 13, of the 19 lakes re­
searched. 

No detailed research of Macedonian part of Sar­
planina Mt. lakes was made, except in case of the fol­
lowing lakes: Malo Lake (2 ,180 m/ a/ s/ l) and the peat 
bog below Malo Lake ( 2, 160 m/ a/ s/ I) with close gradi­
ents. Our distinguished colleague Stojanovic (1982) ex­
amined periphyton alga w ithin the frame of Bacil/ar·io­
phyta division in these lakes . His research proved sig­
nificant diversity of Macedonian and our lakes. All of 
the above mentioned contributes to the geologic, 
pedological, as well as climate factor of the environ­
ment. 
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REZIME 

PERIFITONSKE ALGE U JEZERSKIM 
EKOSISTEMIMA JUGOSLOVENSKOG DELA SAR­
PLANINE 

Violeta UROSEVIC vanredni profesor, Prirodno­
matematicki fakultet, Odsek za biologiju . 
Vidovdanska bb, 38000 Pristina, Yugoslavia. 

Ispitivanja perifitonskih algi obavljana su u peri­
odu od 1981. do 1998. godine na 19 jezera (glacij:llnih -
13, nivacionih - 1 i soliflukcionih - 2) jugoslovenskog 
de la Sar-planine. U njima je utvrdjeno ukupno 511 tak­
son : Cyanophyta - 5/i, Pyrrophyta - 4, Ch1ysophyta - 2, 
Bacillariophyta - 273, Xanthophyta - 1, Euglenophyta -
11 i Chlorophyta - 196 (Tab. 1 ). 

Raznovrsnost uslova ispitanih jezera (vis inski 
polozaj, snabdevanje vodom, obale i dno jezera , ge­
oloska i pedoloska podloga i dr .), dala su razlicitu sliku 
perifitonske mikroflore . 

U glacijalnim i soliflukcionim jezerima okosnicu 
perifitonskih zajednica cinili SU predstavnici Bacil lario­
phyta (51,7 do 100%) . Glacijalno Srednje Defsko jezero 
izdvajalo se po dominaci ji predstavnika Chlorophyta 
(57,2%) . 

U svim navedenim jezerima dominirali su precl­
stavnici Chlorophyta (li4,4 do 63,5%), osim jezera 
Mekus Bor u kome su predstavnici Chlorophyta i 
Euglenophyta zajedno (sa po 26,3%) dominirali nad 
ostalim algama. 

Raznovrsnost geoloskog sastava u zrokuje i 
raznovrsne zajednice mikroflore u okviru svakog ispi­
tanog jezera (Fig. 2)., sto znaci da pored ostalih faktora 
i ovaj geoloski svakako igra veliku ulogu. Samo su vrste 
Cymbella ventricosa i Pinnularia clistigue nda (Bacil­
lariophyta) odomacene u 13 jezera od 19 ispitani11. 
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Abstract 

During the intensive Sar-Mountain field 
flora research in summer 1997, we came to the 
conclusion, although florally sufficiently re­
searched, the massive still hiding species unreg-

istered up to now on it. Many from this interest­
ing group present new species not only for Sara 
Mountain, but also for Serbia and Yugoslavia. The 
work gives presentation of a species. 

Key words : Fritillaria macedonica, Sar-Mountain, Yugoslavia 

INTRODUCTION 

Five species of branch Friti/laria were described 
up to now in Yugoslavian flora (Diklic, 1975) (F.me­
leagris l. ,F. degeniana l. Wagnei; F. montana boppe, 
F. gracilis (Ebel) A. in C., F. graeca Boiss. et Sprun.). 
During the field research, we succeeded to registe r 
sixth species of the branch existing in Serbia. This is 
Fritilm"ic1 macedonica Bornm, representing the new 
species in flora of FR Yugoslavia. 

MATERIAL AND METHODS 

Herbal material collected during the high­
mountain fie ld research of northe rn slopes of Sar­
mountain in June 1996 and 1997, was he rbarized on the 
field. Dete rmination of he rbal material was made with 
assistance of numerous domestic and foreign literature . 

RESULTS AND DISCUSSION 

Friti/laria macedonica Bornm. belongs to Eu(-ril­
il/aria Boiss. section, including complex species Fritil­
laria 111ontana Hoppe. The species was the most re­
lated w ith Fritilla1"ic1 epirotica Tutill ex Rix. 

Mentioned taxon is a perennial bulbous shaped 
plant w hose bumpy sta lk is of7-20cm he ight. There are 
5-6 leaves and a flower on a sta lk . The leaves are 
bumpy, longish-lanced, w idth up to 16mm, length up 
to Scm. The lowest leaves are opposite to one another, 
at the middle of a stalk they are in turns, and at the up­
per part are three in each vertebra. Periant is wide-bell­
like. Outer leaves are oval-lanced, dime nsion 30 x ll-
16mm. Inne r are w ide and cogged on the edges, di­
mensions 12-16mm. Whole periant is dark purple, 
tape less, w ith rectangula r shaped clots, arranged up 
like chess fields. Linear-longish nekta rias grows up to 
3mm. Filaments are smooth , w ith length to lOmm. 
Three-partial sea l is 12mm long, and pestle pillar from 
2-5mm. She ll is not w inged . 

Fig. 1. Fritill::iri::i m::icedon ic::i Bornrn. 

F1·itillaria macedonica Bornm. was registered in 
vegetation of high-mountain soak lawns and mead­
ows of southeastern Macedonia, east and central Alba­
nia. During the field research we found it on the Ser­
bian side of Sar-Mountain wi thin the g lacial bend of 
Jazince Lake. In Bistra surroundings (2651 m s. I.) in 
j azince Lake a rea t2135m s. l.) its population covers 
northeast exposition on sea level around 2050-2250 m. 
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In conditions of severe peri-glacial, appears on humus­
silicate ground accumulated on granite within Ju­
piterus nana - Bruckenthalia spiculifolia Hotv. high­
mountain association. 
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Fig. 2. Domicile of the Fritilllaria macedonica Borom . in the 
Sara Mountain National Park. 
SI. 2. Areal vrste Fritillaria macedonica Borom. u Nacional­
nom parku "Sarplanina" 

Population of the South-European-mountain, pre­
cisely North-Scardino-Pinclic endemic species, in 
Jazince glacial lake bend counts 300 examples. They 
are dispersively placed in groups of 10-30, mainly on 
snow long-lasting turfs . Period of blossoming starts 
during the second part of June, during the time of snow 
melting. 

Taxon was clasifiecl in R catego1y of European reel 
list for territoty of Macedonia, or ex SPRY (ECCONNR­
EC, 1983:136). As a rare, it is also mentioned for Albania 
(Vangjeli et al., 1994:95). After its evidencing and for 
tlora of Serbia as well as for FR Yugoslavia, it was put in 
the list of the First Volume of Flora of Serbia Red Book 
(in print), as an extremely endangered (CR) consider­
ing its appearance only at Jazince glacial lake cove on 
the north slopes of Sar- Mountain. 

CONCLUSION 

Fritilla11·a macedonica Bornm. as an North­
Scardo-Pindean enclemism was described up to now 
only for flora of lvlaceclonia and Albania. New finding 
of the species atJazince glacial lake cove on the north 
slopes of Sar-Mountain, presents the most northern 
frontier of its areal. Considering the extremely endan­
gered species (CR) on the territoty of Serbia and Yugo­
slavia , legal prese1vation is necessary at the Sar­
Mountain National Parle 

RM 

Fig. 3. Areal of the species Fri ti Ilaria m:Jcedonica Bornm. in 
Serbia 
SI. 3. Areal vrste Fritillaria macedonica Borom. u Srbiji . 
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lJ tlori Srbije je do sacla opisano pet vrsta rocla Frit­
illaria (F. meleagris L. , F. degeniana L. Wagner, F. 
montana Hoppe. F. gracilis (EbeOA. u G., F. graeca 
Bo1:s. et Sprun.J. Tokom terenskih istrazivanja 1996. i 
1997. godine na Sar-planini smo registrovali i sestu 
vrsru ovog roda prisutnLI LI Srbiji. To je Fritil/aria ma­
cedonica Bornm. koja istovremeno preclstavlja i novu 
vrstu za tloru Jugoslavije. 

Fritillan·a macedonica Bornm. pripada sekciji 
Rl{(riti//aria Boiss. u okviru koje Lllazi i kompleks vrste 
Fritillaria montana Hoppe. pokazujuci istovremeno 
najblize sroclstvo sa vrstom ~Fritillaria epirotica Tutill 
ex Rix. 
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Ova visegodi5nja lukovicasta , veoma dekorativna 
biljka je do sacla bila registrovana u vegetaciji visoko­
planinskih vlafoih pasnjaka i livada jL1gozapadne 
Makedonije, istocne i centralne Albanije . Na srpskoj 
strani Sar-planine smo je nasli u cirku Jazinackog jezera 
, u zalectu Bistre ( 2651 m n.v. ), uglavnom u okolini 
Jazinackog jezera ( 2135 m n.v.). Na malom prostoru 
primerci ove jLlznoevropsko-planinske, odnosno, sev­
ernoskarclopindske enclemicne vrste, zaL1zimajL1 
severoistocne ekspozicije na naclmorskoj visini ocl oko 
2050 do 2250 m. U L1slovima SL1rove periglacijalne 
!dime , javlja se na hLlmusno-silikatnom zemljistu aku­
mLlliranom na granitima u okviru visokoplaninske 
zbL1naste asocijacije ]uniperus nana - Bruckenthalia 
spiculf(olia Harv. 

Populacija vrste Fritillaria macedonica u 
Jazinackom cirku broji oko 300 primeraka. Oni su dis­
perzno rasporeueni u grupicama od 10-30, Llglavnom 
na rL1dinama na kojima se dL1go zadrfava sneg. Period 
cvetanja pocinje tek drugom polovinom juna, u vreme 
njegovog intenzivnijeg topljenja. 

Takson je uvrsten LI evropsku crvenu listLI LI kate­
goriji R za teritorijLI Makedonije, odnosno, bivse SFRJ 
(ECCONNR-EC, 1983: 136). Kao redak se navodi i za 
AlbanijLI (Vangjeli et all., 1991 : 95). Nakon njegovog 
evidentiranja i za tloru Srbije, odnosno, SRJL1goslavije, 
stavljen je LI spisak vrsta Toma 1 Crvene knjige flare 
Srbije (Srevanovk, V., ed. 1999. - in press) kao krajnje 
L1grozen (CR). 
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ABSTRACT 

During the intensive field research of Sar­
Mountain flora, in the past several years we came 
to the conclusion the gorge, although florally re­
searched sufficiently, has species that not are not 
yet noted. Many from this interesting group pres-

ent new species, not only for Sar-Mountain, but 
also for Serbia and Yugoslavia. The work gives 
presentation of a species that belong to the 
group. 

Key words : Silene graefferi, Osljak, Ostrovica, Yugoslavia 

INTRODUCTION 

On lime stone and serpentine rocky ground and 
rocks in the region of Osljak and Ostrovica high­
mountain zones, Silene grae,[{e1yGu;,s . The species has 
not noted yet for Yugoslavian flora. 

MATERIAL AND METIIODS 

Herb material collected in the field researches of 
Sar-Mountain and its s lopes during 1996 was herbar­
ized on the field. Determination of material was done 
with assistance of dome·stic and foreign lite rature. 

RESULTS AND DISCUSSION 

Silene gmefferi Guss. is a perennial herbaceous, 
thickly bushed plant, wooded at the bottom of a tree. 
Numerous leaves trees of 5-30cm high, are covered 
w ith limb hair. Leaves of a bush are spear-spherical up 
to linear, over the edge lash-haity. Cluster is dyhasium, 
composed of two to four flowers. Seldom, flowers can 
be single. Stems are visibly shorter from a cup, that is 
10-20mm long, with ten intermingled nerves . A cluster 
is white or pink, longer than a cup, double filed deeply 
cut. 

The species blossoming from July to September, 
depending on a sea level height. Populations on Osljak 
and Ostrovica blossoming from the beginning of July to 
the midst of August. It is to be pollinate by enthomo­
phylia , and it carries its pod during September. It is re­
produced by aside sprouts from the wooden bottom of 
a tree, forming thick turfs. It belongs to the vital form of 
turf hamefits lCH suff caesp-semipulv). 

Silene grae,f(eri was described in flora of central 
Apennine and Balkan Peninsula central and southern 
part mountains : in Macedonia (Sar-Mountain, Jaku­
pica, Bistra , Pletvar-Kozjak), Bulgaria (Stara Mountain, 
Rila, Pirin, Alibitus), Greece (Olympia, Tzena, Pinovan, 
Menikon, Otvilos, Falakron). Finding on Sar-Mt. 
slopes , Osljak and Ostrovica presents the most north­
ern point of its areal. 

Fig. 1. Siliene graeffe1·i Guss. (in Flora na NR Blgarija) 
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The species is the only representative of sect. Fru­
ticulosae in flora of Balkan Peninsula, presenting the 
remain of oro-Mediterranean of tertiaty tlora. Accord­
ing to flora -genetic belonging, Silene graefferi belongs 
to the South-European mountain or Apennine - Scardo 
- Pindic - West Balkan flora e lement. 
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SI. 2. Area l vrste Silene graeffe ri Guss. u Nacionalno m parku 
"Sa rplanina"-

Population of the kind are small numbered, com­
posed of several hundred examples. Regarding the 
species in the territory of Serbia and Yugoslavia is exist­
ing in the na rrow zone of high-mountain region of Sar­
Mt. slopes Ostrovica and Osljak, it is as extremely en­
dangered (CR Bl :B2c),is on the list of the First Chapter 
of Flora of Serbia Red Book (in print). 

CONCLUSION 

Silene grarq[feri Guss. relict , the remain that be­
long to the South-European mountain or Apennine -
Scardo - Pindic - West Balkan flora eleme nt. Up to now, 
the taxon was described as a part of central Apennine, 
Macedonia, Bulgaria and Greece flora . Its new finding 
on Sar-Mt. slopes, Osljak and Ostrovica presents the 
most northe rn point of its area l. Regarding the species 
in the territory of Serbia (CR B 1 :B2c ), its permanent le­
ga l preservation is necessa1y in future widened the Sara 
Mountain National Park . 
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Silene graef(eri Guss. je visegodisnja zeljasta, 
gusto busenasta biljka, od1venela u dowem delu 
stabla . Pripada zivotnoj formi busenastih hamefita (CH 
suff caesp-semipulv) 



Do sada je Silene graef(eri opisana u flori central­
nih Apenina i planina centralnog i jufoog dela Balkan­
skog polL1ost1va : LI Makedoniji (Sar-planina, Jakupica, 
Bistra, Pletvar-Kozjak), Bugarskoj (Stara planina, Rita, 
Pirin, Alibitus) i Grckoj (Olimpia, Tzena, Pinovan, 
Menikon, Otvilos, Falakron). 

Tokom terenskih istrazivawa 1996. godine vrsta 
je evidentirana na krecnjackim i serpentinitskim kame­
njarima i stenama u visokoplaninskoj zoni sarskih 
ogranaka Osljaka i Ostrovice . Ovo jedino nalaziste u 
Srbiji , odnosno, .Jugoslaviji , predstavlja najseverniju 
tacku njenog areala . 

U flori Balkanskog poluost1va Silene graf![(eri je 
jedini predstavnik sect. Fruticulosae kao ostatak 
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oromediteranske tercijarne flore . Prema florogenetskoj 
pripadnosti, Silene graf![(eri pripada jufooevropsko 
planinskom, odnosno, apeninsko-skardo-pindsko­
zapadnobalkanskom elementu flore. 

Populacije ove vrste su malobrojne, sastavljene od 
nekoliko stotina primeraka. Posto se radi o vrsti koja je 
na prostoru Srbije, oclnosno Jugoslavije, prisutna samo 
LI uskoj zoni visokoplaninske oblasti sarskih ogranaka 
Ostrovice i Osljaka, ona je kao krajnje ugrozena (CR 
Bl:B2c), svrstana u spisak Toma 1 Crvene knjige flare 
Srbije (Ste v a no vi c, V. - ed., 1999, in press) . 

Received: November, 1998. 
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ABSTRACT 

During the intensive field research of Sar­
Mountain flora, in the past several years we came 
to the conclusion the gorge, although florally re­
searched sufficently, has species that not are not 
yet noted. Many from this interesting group pres-

ent new species, not only for Sar-Mountain, but 
also for Serbia and Yugoslavia. The work gives 
presentation of a species that belong to the 
group. 

Key words: Draba siliquosa, Crni vrh, Sara Mountain, Yugoslavia 

INTRODUCTION 

On silicate rocks and rocky ground of the north 
slopes of Sar-l'vlountain, underneath the ve1y crest of 
Crni Vrh (2584m above the sea leve l) during the fi e ld 
research 1996, Dmba siliquosa was noted . The species 
belong to the Cruciferae family was not registered up to 
now in the flora of Yugoslavia. 

MATERIAL AND METHODS 

He rbal material collected during the field re­
searches in July 1996 from the northern slopes of Sar­
Mounta in was herbarised on the field . The determina­
tion of materials was conducted with assistance of do­
mestic and foreign literature . 

RESULTS AND DISCUSSION 

Draba siliquosa Bieb. (Draba ca1·inthiaca 
Hoppe) belo ngs to sect. Leucodraba with only one rep­
resentative in the flora of Yugoslavia-the endemic Bal­
kan species Draba corabensis spreads over the south­
west and east Serbian Mountains (Sar-Mt., Prokletije 
and Stara Mountains), north and northeast Albanian 
and west f,ulga rian mountains. Within the sect. Leuco­
draba the species of Draba silicuosa is the most related 
to the Pirineas -Alpine species of Draba duhia Suter. 

This glacial re lict is a small turf plant of a height 
between 1-8cm, but the samples from Sar-Mountain 
never grow higher than 2cm. Stalk is bare or covered 
with rare sta r like hair at the base. There are no leaves 
at the base or only two can be found . The leaves of ro­
settes are longish-oval-lash like. But, they can be also 
bare, variable. They are usually covered w ith branchy, 
branchless and sta r like ha ir. Clusters are composed 
from 2-12 leaves. Cluste rs leaves are w hite, from 2-
Smm long, up to 1mm wide. Shell is elliptic and 
smooth, w ithout pillar. If there is one, it is up to O,Smm 
long . 

Fig. 1. Dr:iba siliquos:i Bieb. 

The species blossoming by the end of.July. It is be­
ing reproduced by the seed. Kariotype of species was 
studied on Alps and accordingly it is 2n +16. It belongs 
to the hamefit midget turf life form (Ch suff caesp). 

Draba silicuosa is described up to now in flora of 
Middle Europe Mountains, from Pirineas via Alps, 
Suders, Tarra, on east to Carpathians. The lowest part of 
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its areal was known until Rila and Pirin in Bulgaria up 
to now . Its new finding on Sara Mountain represents 
another mountain disjunct of the orofit that belongs to 
Middle Europe mounta in element (Pirinean-Alpic­
Carpatl1ian-Balkan-NorthScardopian). 

Population noted directly beneath the crest of 
Crni Vrh, within the Sara National Park is small num­
bered, consists only few tenths of examples. Since this 
narrow area of Alpian zone of Sara Mountain its only 
finding , Draba siliquosa was noted into the First Vol­
ume of Flora of Serbia Red Book (in press), as an ex­
tremely endangered (CR Bl) according to the IUCN 
category of endanger in Serbia. 

CONCLUSION 

Draba siliquosa Bieb (D. carinthiaca Hoppe) as 
an Middle-European orofit and glacia l relict, has been 
described up to now as a flora of Middle-European and 
Bulgarian mountains. Its new finding directly beneath 
the crest part of Crni Vrh presents significant contribu­
tion of flora diversity, not only of Sar-mountain , but 
also Yugoslavia. Regarding the extremely endangered 
species (CR Bl) existing in Yugoslavia w ith several ex­
amples only, within the Sara Mountain National Park , a 
responsibility about its legal preservation in the area of 
Serbia is necessary. 
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Draba siliquosa Bieb. (Draba carintbiaca 
Hoppe) je glacijalni relikt do sada opisan u visokoplan­
inskoj flori srednje Evrope, ocl Pirineja, preko Alpa, 
Sucleta, Tatri, pa do Pirina i Rile na Balkanskom poluos­
tcvu. 



Tokom terenskih istrazivanja 1996. godine, ovaj 
smo takson pronasli i u Srbiji ispod samog grebena 
Crnog vrha (2581 m n.v.), na silikatnim stenama i 
kamenjarima alpijske zone severnih padina Sar­
planine. Novo nalaziste predstavlja jos jedan planinski 
disjunkt ove orofite koja ulazi u grupu srednjeevrop­
skih planinskih elemenata flore (pirinejsko-alpsko­
karpatsko-balkansko-severnoskardopindski). 

Draba siliquosa Bieb. pripada sekciji leucodraba 
koja je u flori jugoslavije do sada imala samo jednog 
predstavnika - endemicnu balkansku vrstu Draba 
korabensis Kumm. et Deg., rasprostranjenu na plani­
nama jugozapadne i istocne Srbije (Sar-planina, Prok­
letije, Stara planina), zapadne Bugarske i severne i 
severo-istocne Albanije . Poput vrste Draba korabensis, 
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· i Draba siliquosa je mala biljcica U -8 cm) koja na Sar­
planini ne premasuje visinu od 2 cm. Pripada zivotnoj 
formi patuljastih busenastih hamefita (Ch suff caesp). 

Populacija ove vrste na grebenskom delu Crnog 
vrha u granicama Nacionalnog parka "Sarplanina", je 
malobrojna, sastavljena od nekoliko desetina prime­
raka. Posto je to do sada njena jedina registrovana 
populacija ne samo u Srbiji, nego i ujugoslaviji , Draba 
siliquosa se nalazi na spisku Toma 1 Crvene knjige 
flore Srbije (Ste van o vi c, V. ed., 1999, in press), kao 
krajnje ugrozena (CR Bl) prema IUCN kategoriji ugro­
zenosti u Srbiji. 

Received: November, 1998. 
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UNIV. THOUGHT, 
N;1r. Sc i ., 1998, \1(2): 7 1-75 
Prisrin:.1 . Serbi:.1 

UDC: 595.78 

ORIGINAL SCIENTIFIC PAPER 

DISTRIBUTION OF BUTTERFLY COMMUNITIES (Lepidoptera: 
Hesperioidea & Papilionoidea) IN PLANT COMMUNITIES 
OVER THE JAZINACKO JEZERO IAKE REGION ON SAR­
PLANINA MT. 

Predrag JAKSIC 
Doc. dr Predrag Jaksic, Faculty of Natural Scie nces and Mathematics, Vidovdanska Str., bb, 
YlJ-38 000 Pristina, Yugoslavia 

ABSTRACT 

Existence of zoocenotic complex of some 
species of butterflies in plant communities (alli­
ance and their association) on Sar-planina Mt. 
has been examined. Field investigations have 
been done on the vertical prof'"tl of Sar-planina 
Mt., from the River Lepenac (390 m), through 
Brezovica (900 m) and the Jaiinacko jezero Lake 
(2180 m) to the highest peak Peskovi (2651 m) on 

the crest ( = bilo) of Sar-planina Mt. It has been es­
tablished presence of specific community of but­
terflies in each plant community. Analogy at ver­
tical disposition of butterflies on Sar-planina Mt. 
and horizontal disposition in Europe has been 
discussed analyzing the fauna elements in par­
ticular plant communities. 

KEY WORDS: zoocenotic analyzis, butterflies, Sar-planina Mt. 

INTRODUCTION 

Plant communities located o n the Sa r-planina Mt. 
are the subjects for inte nsive research for most scientist 
for yea rs. Rexhepi ( 1991) gave the srnvey of the alli­
ances ;rncl their associations. However, it is also very 
important to define fauna e lements in some of the 
vegetative regions toge the r w ith phytoce nological 
separation of Sar-planina Mt. 

Matvejev (1961) and Matvejev & Puncer ( 1989) 
have given global concept of analitical di sscusion 
about the connection between plant communities and 
their animal species. They have cited the specific ele­
me nts of fauna. mostly grasshoppers, reptile , birds and 
mammals. On the other hand, connection of some but­
te rflies' species to some biome has been widely diss­
cused in scientific papers of the most lepidopterologist. 
Lattin G. de ( 1952, 1957), Kostrowicki ( 1969) and Varga 
( 1977) gave summary review of these researches . The 
distribution of butterflies in plant communities in the 
region of former Yugoslavia is still incomplete, thus it 
can be found only in a few texts about fauna in individ­
ual regions. There are a large number of studies on 
plant communities, but the studies on communities of 
individual butterflies' species are still at the beginning. 
Only fragmenta1y data show that two or more butter­
fli es' species meet together. This has encouraged us to 
pay more attention on this specifit catego1y of corela­
tions during our field examinat ion. So, in the following 
we would like to present the distribution of individual 
butte rflies species in some plant communities, and also 
to point out the reciprocal connection between them. 
We will t1y to explain the factors that indicate such con­
nections. 

MATERIAL AND METHODS 

We have explored the north slopes of the Sar­
planina Mt., from the rive r Lepenac near the place 
ca lled Deneral_Jankovic (390 m), via Brezovica (900 rn) 
and]azinacko jezero Lake (2180 m), up to the highest 
peaks of Peskovi massive (2651 m). The difference in 
altitude between the highest and the lowest point of 
this profile is 2261 m that indicate climazonal , orocli­
matic and pecloclimatic separation of vegetation. There 
are many different syste ms of classification and nomi­
nation of plant communities , but we have decided to 
accept the classification of basic types of vegetation in 
this specific profile according to Stevanovic et al 
( 1995). 

During our fi e ld research, we have registrated 
butterflie' species in several diffe rent biotopes and in 
several vegetative zones. Some of these species, w hich 
are very mobile, could be found through whole vertica l 
profile of explored region . We have cited specifi c bio­
tope for aech species. Specific biotope is the place 
w here femele finds oviposition plants and where the 
adult nectar plants are prese nt. One of the indicators 
for specific biotope is the frequency in presence in con­
cerned vegetative zone. We have also considered the 
fact that each species is characteri zed with specific dy­
namics of population's numerously. We have included 
some specific cases of deviation, for example inversion 
of fauna w hich is present in gorges and canyons, as 
well as the appearance of fauna azonality w hich could 
be found along the mountain riversides. From 147 es­
tablished species of butte rflies on Sar-plan ina Mt. we 
have reviewed 61 , and they a re involved in formation 
of 8 zoocenosys. 

Taxonomy and nome nclature of butterflies has 
been given according to Kudrna 0986). 
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We have been doing zoocenosic analysis of but­
terflies (Lepidoptera: Hesperioidea & Papilionoidea) in 
this region for over 20 years ( 1976 - 1997). Our field ex­
ploration have been supported by several resources. 
One of them is Academie Serbe des Sciences et des 
Arts, their Foundation for fauna of Serbia and the De­
partment for environmental protection of Serbia. Uni­
versity of Pristina was also involved. I am using this op­
po11unity to express my gratitude. 

~ULTS 

1. The lowest point on vertical profile of Sar­
planina Mt. is the riverbed of river Lepenac (390 m). In 
this part the main type is the vegetation of flootable, 
marshy and higrophile ivy and popular forest of Sali­
cion albae and Populion albae. Typical association of 
these forests is Ass. Salici-Populetum nigrae, and basic 
creators of this community are plants from Salix and 
Populus genus. 

In the following we are citing specific species of 
butterflies for this community, the names of food plants 
of their caterpillars are given in brackets: 

Carcharodus .fiocc!(era (Zeller, 1817) (Stachys 
sp.) , 

Everes alcetas (Hoffmannsegg, 1801) ( Legumino­
sae), 

Apatura iris Linnaeus, 1758 (Salix caprea, S. au­
mta & S. cinereci), 

Apatura ilia D. und S., 1775 (Populus tremula & 
P. nigra) and 

Limenitis populi Linnaeus, 1758 (Populus 
tremula). 

Obvious connection between these five species 
caused by food plants and their caterpillars. All five 
species could be found at the same time by the rnle. 
They are sympatric and synchronic. We have found 
them from Deneraljankovic (390 m) to Brezovica (900 
m), near the Murzicka reka River, about 900 m. 

Ze1ynthia :.pecies (Z. po~yxena D. und S., 1775 
and Z. cerisyi Godart, 1822) is also connected to com­
munity of flootable, marshy and higrophile ivy and 
popular forests. Food plant for its caterpillars are plan­
tes from Aristolochia genus, and butterflies appear in 
the spring. This species was present on several locali­
ties along Lepenac river, Murzica river and Prizrenska 
Bistrica river, but it is not synchronic with previous spe­
cies. 

Five cited species had been found together on 
several other localities: near Pecka Bistrica river and 
Deeanska Bistrica river (jak5uc, 1997, unpublished); 
near river Tara (Sijaric et al., 1981) and other. 

2. In the foothil ofSar-planina Mt. crest main vege­
tative entirety consist of different communities of xe­
rophile and xeromesophile hilly region of oak forest 
Quercion frainetto Ht., 1954. Typical association of 
these forests is Quercetumfrainetto cerris scardicum 
KrasniCi, 1968. This community is located on the edge 
of Sirinicka fopa district. Basic creators of this commu­
nity are plants from genus of Quercus, Pirus, Sorbus, 

Crataegus, Ace1~ Cornus, Rosa, Ma/us, Latbyrus, 
Stachys, Dactylis et cet. In the following we are citing 
specific species of butterflies for this community: 

Aporia crataegi Linnaeus, 1758 (Prunus, 
Crataegus, Spiraea), 

Anthocharis cardamines Linnaeus, 1758 (Car­
damine, Sisymbrium), 

Pontia daplidice Linnaeus, 1758 (Arabis, Reseda, 
Sinapis), 

Pieris brassicae Linnaeus, 1758 ( Cruc((erae, es-
pecially Brassica and Tropaeolum) , 

Pien·s napi Linnaeus, 1758 ( Cntc!(erae), 
Leptidea sinapis Linnaeus, 1758 (Leguminosae) , 
Sa~y1"ium spini D. und S. , 1775 (Rbamnus, 

Prunus, etc.), 
Quercusia quercus Linnaeus, 1758 <.Quercus), 
Melitaea phoebe Goeze, 1779 (Centaurea, Ci1·­

sium, Sen-atu/a), 
Argynnis paphia Linnaeus, 1758 (Viola, Rubus). 

Homogenousity of this community is expressed 
through their presence in fauna of butterflies in almost 
all European countries. Areals of these species gener­
ally match with areal of difussion of oak forests . Ana­
lyzing fauna of butterflies Tien Schan and Altai 
(Zhclanko, 1983) we can notice that all of cited species 
are present in deciduous forests . Almost all of the spe­
cies from this group are arboreal fauna elements in 
zoogeographic sense and have Palaearctic distribution . 

3. In the region of deciduous forests the commu­
nities of hilly meadows, pastures and stony grounds of 
alliance of Cht:ysopogono-Danthonion alpinae Kojic, 
1957 could be found. Typical association of this alli­
ance for Brezovica region is Ass. Centaureo­
T11(olietum velenovskyi Rexhepi, 1978. On these xe­
rophile meadows we can find the community of fol­
lowing species : 

Pyrgus a/veus (H(bner, 1803) (Potentila, Altbaea, 
Malva, Centaurea) , 

E1ynnis tages Linnaeus, 1758 (Lotus, Coron ilia, 
Medicago), 

Po~yommatus icarus Rott., 1775 ( T1·{folium, 
Ononis, Genista), 

Lycaeides idas Linnaeus, 1761 (Leguminosae), 
Cyaniris semiargus Rott., 1775 (Arttbylus, Tr((o-

lium, Melilotus, Genis/a), 
Maculinea ar"ion Linnaeus, 1758 (Thymus), 
Hyponephe/e (ycaon K(hn, 1771 (Poa, Aira), 
Melanargia ga/athea Linnaeus, 1758 (Pbleum, 

Ho/cus, Bromus), 
Coenonympha pamphi:tus Linnaeus, 1758 (Cyn­

nosurus, Poa, Anthoxanthum). 
This community is present in the south region but 

in the higher parts lake the region of Gini vode waters 
and Mekus bor - 1500 m. 

All these species belong to arboreal fauna ele­
ments and have eurosiberian areal type. 

1. Above oak forest region there are the meso­
phyle continental hilly - mountain beech forests alli­
ances of Fagion moesiacae BleCic et LakusiC, 1970, 
with two suballiances and each has one association 
typical for Sar-planina Mt. from Brezovica (9oo m) re-



gion to Prevalac pass (1500 m): Ass. Fagetum moesia­
cae montanum BleciC et Lakusic, 1970; and Abieti­
Fagetum moesiacae BleciC et Lakusic, 1970. 

In these associations we have found the commu­
nity of the following species of butterflies: 

Pyrgus malvae Linnaeus, 1758 (Fragaria, Rubus, 
Coronilla), 

Papilio machaon Linnaeus, 1758 ( Umbe/iferae, 
Rutaceae), 

Gonepte1yx rhamni Linnaeus, 1758 (Rhamnus), 
Lycaena virgaureae Linnaeus, 1758 (Rumex), 
Celastrina argiolus Linnaeus, 1758 (Rhamnus, 

Ca/Luna), 
Polyommatus tbersites Cantene1; 1834 (Ono­

brycbis) , 
· A1gynnis adippe Linnaeus, 1767 (Viola), 

Argynnis niobe Linnaeus, 1758 (Viola), 
Limenilis reducta Staudinger; 1901 (Lonicera), 
Nymphalis po~ychloros Linnaeus, 1758 ( Cerasu.s, 

Ulmu.s, Pru.nus), 
Coenonympha arcania Linnaeus, 1761 (Brachy­

podium, Melica). 
These species are of the same type as previous. 

5. Subalpic forests ofMunika pine in the limestone 
and serpentine alliance of Pinion beldreicbi Ht., 1916 
present on Sar-planina Mt. in the region of Gine voda 

· waters (1400 - 1600 m) with association Sesle11'0 
autumnalis - Pinetum beldreichii Jankovic et Bogo­
jevic, 1962. Munika pine forest are light, warm and dry 
(Jankovic et al., 1981 ). Munika pine itself as tertia1y rel­
ict is typical representative of oromediterranean, and 
Trinajstic ( 1985) marked this region as Balcanian prov­
ince. 

Typical community of butterflies established in 
the region of this particular plant community consist of 
the following species of butterflies: 

rus), 
Cupido osin's lvfeigen, 1829 (Onobrychis, Latby-

~ycaena candens H.-S., 1811, 
Polyommatus coridon Poda, 1761 (Hippocrep~). 
Po610111matus belargus Rott., 1775 (Hippocrepis), 
Erebia ottomana H.-S. , 1817, 
Rrebia melas Herbst, 1796, 
Coenonympha rhodopensis Elwes, 1900. 
All of them are typical representatives for 

oromediterranean. 

6. Subal pie forests of Molika pine on the silicate al-
1 iances of Pinion peucis typicum M. Jankovic, are also 
located on Sar-planina Mt. in the region of Gine vode 
wate rs, exposed toward Nort - West, well developed 
on 1700 meters. This alliance is represented by associa­
tion Ajugo pyramidalis - Pinetum peucis Jankovic et 
Bogojevic, 1962 in this locality. Below jazinacko jezero 
lake, in the river basin of Suvi potok Creek, and little 
further from the region of .Jazinacko jezero lake near 
Stojkova kuea ( 1850 m) there is another important 
community of Molika pine : Rhododendro ferruginei -
Pinetum peucis Jankovic et Bogojevic, 1962. Molika 
pine forest are dark and moist (Jankovic et al., 1981). 

Typical community of butterflies established in 
the region of this particular plant community consist of 
the following species: 

Bo/aria graeca Staudinger, 1870 
Erebia rhodopensis Nicholl, 1900, 
Erebia gorge Hubner, 1804. 
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These three species have been found together in 
most localities of Rila Mt., Sar-planina Mt. and Prok­
letije Mt. They can a lso be found in the next vegetativ~ 
zone of Juniper tree community, w hich is similar to Mo­
lika pine community. This butterflies species appeared 
there dming glacial period . 

They belong to oreal fauna e lements group and to 
subgroup of euroalpic fauna elements. 

7. Over the zone of Molika and Munika pine for­
ests there is a zone of coniferous and bushes vegetation 
alliance ofJuniperion sibiricae, its typical association is 
Bruckenthalio - Juniperetum Ht., 1938. Amidzic 0997) 
has been studying this area and divided it into two sub­
associations: 1. juniperus nana - bruckenthalia spicu­
lifolia Horv., subass. Vaccinetosum uliginosi L. Raj. in 
the area of Devedenica and Gornja sija; 2. jumperus 
nana - bruckenthalia spicul((olia Horv. , subass. Rbo­
dodendrosumferrugineiL. Raj . in the area of.Jazinacko 
jezero lake, Suvi potok and Virovi. 

Typical community for this region consist of the 
following butterflies species: 

BoloriapalesD. und S., 1775 , 
Erebia pandrose Bork., 1788 (Festuca, Poa), 
Erebia cassioides Reiner & Hoh ., 1792 (Nardus 

strictus). 
They belong to oreal fauna elements from the 

group of oreotundral species. 

8. The highest zone of Sar-planina Mt. massive is 
the zone of forest free alpine grass vegetation. It is lo­
cated on the crest of Bistra Mt. with its peak Peskovi 
(2651 m) andjazinacka Cuka (2586 m). It is the alliance 
of Ranunculion crenati LakusiC, 1966 w ith typical as­
sociation Ranunculatum crenati scardicum Rexhepi 
et Randjelovic, 1980. In this same region we can also 
find alliance Seslerion comosae Simon, 1957 with one 
association which has been differently marked by 
many various authors: jasioni-caricetum curvulae Ht., 
1937 (= Seslerietwn comosae s. Lat.) , (named by 
Rexhepi, 1991), and Carex cwvula-Sesleria comosa 
Hotv. (named by Amidzic, 1997). There is one more al­
liance Silenion lerchen:feldianae Ht., 1960, w ith its as­
sociation Potentillo doe1jleri - juncetu.m trifidi Steva­
novic et al., 1989. 

This region could be considered as ecoton be­
cause of the presence of three diffe rent alliances. 
Unique combination of plant species and several dif­
ferent types of fauna elements 

characterize this area. 
Such natural resources indicate rich fauna of but­

terflies. We will cite most common: 
Pyrgus andromedaeWall., 1853; Thymelicus ac­

teon Rott., 1775; Carcharodits jloc!(era Zelle1·, 1847; 
Erynnis tages Linnaeus, 1758; Pamassius mnemosyne 
Linnaeus, 1758; P. apollo Linnaeus, 1758; Scolitan­
tides orion Pallas, 1771; Po~yomn~atus icarus Rott., 
1775; Aglais urticae Linnaeus, 1758; Clossiana 
euphro~yneLinnaeus, 1758; Bo/aria graeca Stgr., 1758; 
Bolon'a graeca Stgr., 1870; Erebia rhodopensis Nicholl, 
1900; E. gorge Hbn., 1804; E. pandmse Borkh., 1788; 
Lasiommata petmpolitana F., 1787; and others. 
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According to this list it is obvious that the region of 
Sar-planina Mt. crest is also characterized by fauna con­
glomerate of different fauna e lements and of different 
origin and genesis (preglacial, glacial and postglacial). 
Thorough analysis would probably show that in this 
region there are no food plants for caterpillars of cer­
tain butterflies species and that they are present be­
cause of nectar. But it is certain that two species (Pyr­
gus andromedae Wall., and Erebia pandrose Borkh.) 
have optimal ecological condition for presence of their 
adults in this region. All species, w ithout exception, 
have only o ne generation per one year. But, the spe­
cies in the lower zones have two or more generation 
(except those w ith one generation). Some species of 
genus Pieris, Polyom111atus, Coenonympha etc in the 
region of Lepenac river can form four generation per 
one year. 

DISCUSSION 

The fact that alothone species of Sar-planina Mt. 
crest have different origin, genesis and age impose the 
question w hen have they come to this region . Movabil­
ity of this insects is one of the answers. But, it explains 
only the presence of the species w hich do not take ovi­
position. To solve this we have to compare the data on 
their distribution together with data on historical geol­
ogy. Lindroth ( 1919) discovered, using the example of 
Fenoskandi navija insects, that many species have 
adapted to hills which have not been covered with ice, 
and on this places they are d istributed ve1y local. In 
that narrow refuges they could survive negative condi­
tions. The same must have happened to preglacial co­
niferous Malika and Munika pine. They have spread 
their areal into today's boundaires during the postgla­
cia l period. Glacial species w hich prefer cold climate, 
after w ithdrawing if ice, could remain only on the peak 
of north expositio n. Such examples on this part of Sar­
planina Mt. are: PyrgusandromedaeWallengren, 1853; 
Vacciniina opti/ete Knoch, 1781, Boloria pales D. und 
S. , 1775; Erebia pandrose Borkhausen, 1788, e tcet. 

We have to point out on the presence of some ag­
gressive migrato1y elements of butterflies fauna w hich 
does not belong at all to palaearctic species, for exam­
ple palaeotropic species Golias crocea Geoffron in 
Fourcroy (fam. Pieridae), which came from eumediter­
ra nean. The other species from this group is Vanessa 
carduiLinnaeus, 1758 (Nymphalidae) w hich has inarc­
tic origin . Both species do not have diapause in any de­
veloping stadium on the entire profile of Sar-planina 
Mt. 

Disposition of some fauna e lements in vegetative 
zones of explored part of Sar-plan ina Mt. are shown on 
Fig. 1. 

This figure show that in vertical distribution of 
butterflies fa una on explored profile of Sar-planina Mt. 
exist the same legitimization which can be noticed 
w hen ana lyzing fauna structure from south toward the 
north European land. 

Fig. 1 .: Di~position q( some elements o[ buttei:tliesfaww 
in uegelatiue zo11es on vertical pro/lie of Sar-pla11i11a Ml . in 
tbe section Lepe11ac - Peskovi. 

VEGETATIVE ZONES 
THE FAUNA ELEMENTS 
OF BUTTERFLIES 

Palaearctic 
S::i licion albae & Popilion Siberian 
albae Mediterr::inean 

East Mediterranean 

Pa laearctic 
Quercion frainetto Siberian 

Mediterranean 

Pa laearctic 
Ch1ysopogono- Siberian 
Danthonion alpinae Mediterr::inean 

East Mediterr::inean 

Siberian 
l'vled iterr::inean 

Fagion moesiacae East Mediterranean 
North ::ind Pontic Mediter-
ranean 

Pinion heldreichii 
East Mediterranean 
Oromediterrane::in 

Pinion peucis 
Oromediterranean 
Europea n Alpine 

Juniperion sibi r icae 
European Alpine 
Oreotundra l 

Ranunculion crenat i & Siberian 
Seslerio n comosae Mediterranean 

East Mediterrane::in 
O romediterrane::in 
European Alpine 
Oreotundral 
Bore::i l 

CONCLUSION 

Our explora tion have proved the existance of but­
terflies communities on vertica l profile of Sar-planina 
Mt., from river Lepenac to Peskovi Mt. 

The existence of 8 vegetative zones in the range of 
all iances has been established. The presence of spe­
cific zoocenotic combinations of butterflies species has 
been established for each zone. From 147 established 
species 61 is involved in creation of 8 zoocenosys. 

This combinations a re caused by ecological factor 
effects, like the existance of food plants for caterpillars 
and other. 

This fact has been establ ished by having insight 
into literature, and her existence in many different ar­
eas of Palaearctic region . Zoogeographical analysis has 
showed that for each vegetative zone there speci fic 
presence of certain fauna elements. Vertica l distribu­
tion on Sar-planina Mt. matches the horizontal distribu­
tion on European land, toward north - south. 

Azonal arrangement in distribution is registrated 
along narrow zone of riverbanks, as well as in the area 
of Sar-planina Mt. crest. 
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REZIME 

DISTRIBUCIJA ZAJEDNICA DNEVNIH LEPTIRA 
(Lepidoptera: Hesperioidea & Papilionoidea) U 
BILJNIM ZAJEDNICAMA NA SIREM PODRUCJU 
.JAZINACKOG JEZERA NA SAR-PLANINI 

JAKSIC Preclrag, Univerzitet u Pristini , Plv!F, Odsek 
za biologiju , Vidovdanska bb, 38000 Pristina 

Na vertikalnom profilu Sar-planine od reke Lepe­
nac (390 m) , preko Brezovice <900 m) i Jazinackog jez­
era (2180 m) do najviseg vrha Peskovi (2651 m) vrsili 
smo istrazivanje zoocenoloskig kompleksa dnevnih 
leptira. Rasclanjenje tog vertikalnog profila uradili smo 
prema postojecim vegetacijskim pojasevima (8 sveza ). 
Za svaki pojas smo utvrclili postojanje specificne zoo­
cenoze dnevnih leptira. Vezanost clatih vrsta za oclred­
jeni vegetacijski pojas uslovljena je ekoloskim fakto­
rima, najpre postojanjem pre hrambenih biljki 
gusenica. Analizirali smo faunisticku pripaclnost vrsta 
tipienih za date pojaseve. Utvrclili smo postojanje prav­
ilne smene till e lemenata . Izuzetak je azonalni ra­
spored cluz reka i azonalni raspored na samom planin­
skom bilu (Fig. 1 ). Smena faunistickih elemenata na 
vertikalnom profilu Sar-planine analogna je smeni 
faune na horizontalnom profilu Evrope, iduCi od juga 
ka severu . 
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ABSTRACT 

Attitudinal distribution of 285 butterflies 
species of the Balkan peninsula, which is based 
on our own results obtained through field work 
and also on the basis of information from litera­
ture, have been presented in this work. 

Biogeographical division of butterflies of the 
Balkan peninsula have been revised by analyzing 
altitudinal and horizontal distribution, as well as 
general biological features of species. They have 

been classified into 20 biogeographical units, ac­
cording to their distribution, origin and genesis. 
Thus, fauna is formed of seventeen Palaearctic 
biogeographical regions, two Palaeotropic re­
gions and one Nearctic region. Each butterflie 
species has been classified into appropriate bi­
ome. 

Some expositions, have been given for of­
fered results through certain examples. 

KEY WORDS: Butterflies, Altitudinal distribution, Biogeographical division , The Balkan peninsula. 

INTRODUCilON 

There is a fact that species are not completely dis­
tributed in their areals . This is confirmed through 
analysis of distribution maps of butterflies of the Bal­
kan pe ninsula. The areal territo1y is unhomogenous 
because of variable acological factors. The most impor­
tant cause for this unhomoge nosity on the Balkan pen­
insula is the orographic factor. At the same time it is 
also very important factor for fauna resources. On the 
other side, the species itself are incapable of living in 
each part of their areals because of their biological 
characteristics (ecological restrictions) . Effects caused 
by orographic factors are closely related to geological 
characteristics. There are several great geological enti­
ti es on the Balkan peninsula. They differ in their geo­
logical constitution, histmy of forming, tectonic and in 
other features. Orographic factors are closely related 
with microclimatic factors, especially with tempera­
ture. It is known that temperature is falling with higher 
altitudes, for example on each 110 - 195 m temperature 
is falling for 1°C. Herein, this temperature value is areal 
altitude factor, it has an influe nce over its altitudinal 
zonalit:y. 

The matter of altitudinal distribution of butterflies 
of Balkan peninsula still has not been considered as in­
tegral form . This matter is brought up in some faunisti­
cal papers about smaller or bigger geographical enti­
ties . However, analysis of the rules of distribution and 
integral syntheses are still missing. 

The aim of our work was to present and analyze 
altitudinal distribution of butterflies of Balkan penin­
sula. We have also tried to establish a correlation be­
tween distribution and disposition of altitudinal zones 
in the mountains of Balkan peninsula. That is how we 
have atta ined a prerequisite for analysis of biogeog­
raphica 1 appurtenance of butterfl ies of the Balkan pen­
insula . 

METHOD 

According to our own results obtained through 
field work and litterature data , we have shown in tabu­
lar form altitudinal distribution of butterflies of Balkan 
peninsula . We have determined 10 altitudinal zones. 
Among abiotic ecological factors the most important 
are geologic-historical factors and climatic factors: 

1. Para-Tethys Coastline during the Neogene pe­
riod was spreaded up to about 150 m. 

2. The level of the ancient Aegean sea during the 
Neogene period was 600-800 m. 

3. Aegean lake coast during the Pliocene period 
was on 760 m. 

1. The level of prae-lake valley in Macedonia dur­
ing the Miocene period was on 1000-1200 m. 

5. Lower border of glacial coastline during the Di­
luvium period was up to 1600 m. 

6. Lower border of fluvio-denudational surface 
was up to 1800-2000 m. 

Among biotic factors, a phenomen of vegetative 
zones highly influenced the development of altitudinal 
zones. The most important borders of zones are: 

7. In the zone of 0-300 m, Mediterranean province 
and subprovince of Pannonian-Dakian steppes. 

8. In the zone of 300-150 m, Sub-Mediterranean 
province, whose representative is upper border of for­
ests of Sessile Oak and Hornbeam (Querco­
Carpinetum HT, 1938 s. lat.) . 

9. In the zone of 150-600 m there is a climatogene 
community of Pubescent Oak forests ar:d Eastern for­
ests (Querco-Carpinetum orientalis H-IC, 1939 s. lat.) . 
There is also Moesian Forest and Hungarian Oak re­
gion (Quercetum frainetto moesiacum B. _Jov ., 
1975), together with the lower border of Macedonian 
Oak Forests [Querce tum trajanae EM et HT ( 1950) 
1959 s. lat.). 
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10. In the zone of 600-800 m, a subprovince of 
Balkanian-l'vliddle European forests . This zone is char­
acterized by the following communities: 

- Upper border of Macedonian Oak Forest ( Quer­
cetum trajanae EM), 

- !Vloesian Forest of Turkey Oak (Quercetum cer­
ris moesiacum E.Vuk . 1966 s. lat.) , 

- Lower border of Eastern Hornbeam and Balkan 
Ya m forests (Dioscoreo-Carpinetum orientalis BLEC. et 
LAKSC, 1966), 

- Lower forest border of Beech and Common 
Silver Fir forest (Abieti-Fage tum (HT. 1938) TREG. 
1957 s. lat.). 

11. Altitudinal zone of 800-1000 m is character­
ized by the following zones: 

Upper forest border of Subprovince of 
Submediterranean-Balkanian forest. 

- Upper border of Epi-Mediterranean zone of 
l\ilediterranean-Montane vegetative zone of 
l'vlediterranean-Montane vegetative zone of Mediterra­
nean region, and 

- Lower border of Subprovince of Balkanian­
Middle European forests in the South-Eastern part of 
a real. 

The following plant communities are typical for 
this altitudinal zone: 

- Upper border of Pubesce nt Oak and European 
Hornbeam forests [Ost1yo-Quercetum pubescentis 
(HT. 1950) TRINAJ 1971], 

- Uper forest border of Macedonian forest of 
Steppe Common Oak [Quercetum pedunculliflorae 
macedonicum EM. 1965]. 

- Upper forest border of Sessie Oak forest [Quer­
cetum petrae (B. JOV. 1948) CER. et B. JOY., 1953 s. 
lat.]. 

12. Altitudinal zone located between 1000-1200 
m is characterized by the following zones: 

- Uper border of Subprovince of Aegean-Anatolic 
semideserts and 

- Lowe r forest border of Eastern-Mediterranean 
Coastal forests. 

The follow ing plant communities are typical for 
this altitudinal zone: 

Lower border of Subalpine Beech forest 
(Fagetum subalpinum HT. 1938 s . lat.), 

N 

- Lower border of Mountain forests of No1way 
Spruce [Piceetum abietis montanum HT (1938, 1950, 
1962) 1967 S. lat.). 

13. Altitude zone located between 1200-1400 mis 
characterized by the presence of two communities: 

- Lower border of Heldreich's Pine Forests (Pine­
tum heldreichi BLEC. 1959 s. lat. ), and 

- Lower border of Mountain-Pine forests (Pine­
tum mugo HT. 1938 s. lat.). 

11. In lower altitude zone located between 1600-
1800 m there is a lower borde r of biome of rocky 
grounds and pastures. This typical afforested altitude 
zone is characterized by the follow ing communities: 

- Lower border of Beech and Common Silver Fir 
forest [Abieti-Fagetum (Ht. 1938) TREG. 1957 s. lat.] , 

- Upper border of Mountain forests of Norway 
Spruce [Piceetum abietis montanum HT. ( 1938, 1950, 
1962) 1967. s. lat.]. 

- Upper border of Heldreich's Pine forests (Pine­
tum heldreichii BLEC. 1959 s. lat.) 

15. Altitude zones located between 1800-2000 m 
is the upper borde r of Mediterranean Coastline forests. 
It is characterized by the following plant communities: 

- Upper border of Rhododendron community 
(Rhododendron-Pinetum peucis M. JANK.) 

Upper border of Subalpine Beech forests 
(Fagetum subalpinum B..JOV. 1976 s. lat.). 

16. Altitude zone located between 2000-2200 mis 
defined by the presence of upper border of 

Subprovince European forests of the taiga type, 
and lower border of Subprovince European high 
mountain rocky tundra. Two communities are present: 

- Upper border of l'vlacedonian Pine forests (Pine­
tum peuce HT. 1930 s. lat.), and 

- Upper border of Mountain Pine forest (Pineturn 
mugo HT. 1938 s. lat.). 

17. Altitude zone located between 2200-2925 mis 
defined by a zone of Subprovince European high 
mountain rocky tundra. 

This altitudinal distribution on Balkan peninsula 
mountains (0-2925 m) have its equivalent in vegetative 
distribution on horizontal profile of Europe, in a direc­
tion toward North - South. This equivalency have been 
presented by Gorodkov ( 1981), and it is shown in 
Fig. 1. 

I 

s' 
Fig. 1. The ecvivalem rebtionship between the horizontal area of Europe (Nonh - South direction) and altitudunal area o f 
th e Balkan pe ninsula mountaines. (Acording to GorodkoY, 19Sli . Modified) 



Biological consequences of this phenomen have 
been summari zed in the fact that 8 zonobiomes and 
orobiomes a re present on the balkan peninsula. 

Having in mind these stated principles and bio­
logica l features of species, we have analyzed appurte­
nance of butte rflies of Balkan peninsula . It is based on 
principles w hich had been given by several authors: 
Varga 0977), for butterflies and Matvejev 0961), Mat­
vejev & Puncer ( 1989) and Lopatin & lVIatve jev ( 1995) 
for general biological principles. That is how we have 
connected each species of butterflies of balkan penin­
sula w ith specific biome. The biome represent theirs 
historical issue. Biogeographic division that has been 
presented in this paper was deducted from division of 
flora on planet Earth according to Diels 0928) and 
Engle r 0936). This was excepted by many contempo­
rary authors of today like Magdefrau uncl Ehrendorfe r 
0971 ), Jankovic 0985) and many others. 

Aplied classification and nomenclature of butter­
fli es are given according to Karsholt & Razowski 
(1996). 

RESULTS 

The resuilts of altitudinal distribution analysis of 
butte rflies of Balkan peninsula are shown in Table 1 
(columns 1 - 10). The results obtained through analysis 
of biogeographic appurtenance of these species are 
shown in Table 1 (column 11 ). The key for explanat ion 
of applied biogeographic classification is show n in Ta­
ble 2. This key contain the connection between 20 bio­
geographic units and biomes typical for these units in 
Palaea rctic . 

The biomes in Palaearctic: A. ( 1, 2 & 3)Biomes of 
Alpine and High Nordic rock-grounds, pastures and 
snow patches, B.(4) Biome of European, mostly conif­
erous boreal type woodlands, C. (5 & 6) Biome of 
South European, Mostly deciduous woodlands, D. (7, 
8, 9 & 10) Biome of steppes and woodland steppe, E. 
(11) Biome oflrano-Turanien semideserts, F. 03) Bi­
ome of Submediterranean mostly Oak woodlands, G. 
( 11) Biome of evergreen Mediterranean man time 
woodlands and maquis, H. (15) Biome of rocky 
grounds, pastures and (Pinion peucis HT. 1950 and 
Pinion heldre ichii HT. 1916) woodlands on rocky 
grounds of (oro) Mediterranean mountains, I. (17) Bi­
omes of deserts and semideserts. 

DISCUSSION 

Using the information in Table 1 it is possible to 
ana lyze a connection between sympatry and alopatry 
of some faunistical components. In the very beginning 
we can separate species that are impassable ste no­
topic. There a re two groups of species: the first group 
are those found in a zone between 0-450 m (1 . and 2. 
column on Table 1 ). This group has 8 species: 7, 35, 89, 
101 , 120, 211, 229 and 235. This species are located in 
South Greece and on the East-lVIediterraneann islands. 
The Faunistical ones mostly belong to Irano-Turanian 

79 

and Saharo-Eremial groups. The second cle:uly sepa­
rated group are those species found in a zone between 
1800-2925 m (7 - 10 column on Table 1). The re are 22 
species: 16, 17,85,87, 125, 127, 128, 129, 130, 141, 185, 
241, 216, 217, 218, 219, 251, 257, 258, 278, 281and 284. 
We can divide this group into two subgroups: the first 
subgroup a re thermophile (Oro).Mediterranean species 
of high mountains in the southern part of Balkan pen­
insula (no. 15 on Table 2). The second subgroup are 
frigofuge glacial re lict species of Northern mountains 
of Balkan peninsula (columns 1, 2, 3and 1 on Table 2). 
The rest 255 species are mostly equally di stributed on 
vertical profile of Balkan peninsula. This is caused by 
increased mobility of butterflies as groups of organ­
isms, including favorable ecological circumstances of 
Balkan peninsula as entity . Species find the ir ecologi­
cal optimum in one a ltitudinal zone w here larva l ovi­
position plants, adult nectar plants and roosting.- sites· 
are . However, we can find species out of altitudinal 
zone of ecological optimum, only the frequency in 
presence is lesser. In o rder to achieve complex relatio n 
in alopat1y it is necessary to combine it with hori zonta l 
distribution and asinchrony in the appearing period for 
the species during the season. 

The main material constituent for butterfly com­
munities in Balkan peninsula are Po ntis-Medil('>JTanean 
fauna e leme nts with 18 species, and Middle-European 
fauna e lementa w ith 15 species, as show n on Table 1. 
(Oro).Mediterranean e lement with 31 species also take 
an important part. Middle-European fauna e lements 
are not dominant on Balkan peninsula , not even in the 
community with two remmant components <'If 
Europea n-Sibe rian group [Boreal (4) and European­
montane (5)]. These three components take part in 
fauna of Balkan peninsula w ith 61 species, which are 
only 21% of the species. 

A better explanation for this phenomen has been 
given through horizontal distribution analyzis . 
European-Siberian species are mostly distributed in the 
North-West region of Balkan peninsula. In this region, 
mostly localized species are the glacial re li ct species. 
The range Prokletije Mt. - Sar-planina Mt. - Rila Mt. rep­
resent distinct border zone between two fa una types. 
Fauna of Mediterranean basin and Pantie basin is typi­
cal for Macedonian mountains, South-Bulgarian moun­
tains and Greek mountains. During Cre taceous period, 
the easte rn part of Balkan peninsula had been partially 
inundated by Paratetis. During the Alpic orogenese pe­
riod in .Mesozoic this part of the peninsula had been 
completely connected w ith land . This land had a direct 
contact w ith Ponto-Caspian va lley. During the Pliocene 
period , Aegeida had been connected to As ia. All these 
had an important influence over long te rm communi­
cation and exchanges of fau na of these areas. How­
ever, the southern part of Balka n peninsula had not 
been under the influence of glaciation. For this reason, 
the re are 100 species from these biogeographical un its 
(10 - 16, Table 2), w hich makes 36% of butterflies' 
fauna on Balkan peninsula. Among them, there is a 
great number of species that represent endemes and 
relicts of Ancient Mediterranean. 
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Tab. 1. Altitudinal distribution and biographical division of the butterfiles (lepidoptera: Hesperioidea & Papilionoidea) on 
the Balkan peninsula. 
1-10 = altitudinal zones (1 =0-300 m, 2=300-li50 m, 3=1i50-600 m, li=600-1.000 m, 5=1.000-1.200 m, 6=1.200-1.500 m, 
7=1.500-1.800 m, 8=1.800-2.000 m, 9=2.000-2.200 m, and 10=2.200-2.925 m); 11=biogeographical division {1-20) according 
to Tab. 2. 

I. P ALAEARCTIC 
Arctic 

Arctic-Alpine ......... ... Arctic-Alpines. str. ................................ 1 
Sub-Arctic ..... .......... .. _: East-Alpine ....... ............... .... ...... ............ .2 

. Sub-Alpine .................................. ............ ] A 
European-Siberian ' 

Boreal ........ ........ ...... .. ...................... ...... ............... ... ........ ...... ... ... .. .. 4 B 
European-Mountain .... ........... .......... .... ... ... ................... ....... .......... 5 
Middle-European ............ ........ .. ...... ..... .... ..... ............. ... ...... ......... ... 6 C 

Central-Asian 
South-Siberian .............. Subpontic (Sarmat) ...................... ... ... ..... 7 
Pon tic ............... .............. Pon tic-Panonian ..... .... ......... .. ~ .............. .... 8 

Pontic-Centr.-Asian ..... ........ ..... ....... ..... ... 9 
Pontic-Mediterranean ......... ..... ... ..... ... .. 10 D 

Irano-Turanian .... ........ ....... ......... .......................................... ........ 11 E 
Mediterranean 

East-Mediterranean .... Euxinus ........ .... .. ...... .......... .... ................. 12 
Sub-Mediterranean ........ ...................... 13 F 
Eu-Mediterranean ................................. 14 G 
(Oro )Mediterranean ................. ........... 15 H 

West-Mediterranean ... Sub-Atlantic-Submediterranean ...... ... 16 
North-African 

Saharo-Eremial ... ......... ..... ........... .......................... ........ ...... .......... 17 I 

II. P ALAEOTROPIC 
Afrotropic .. .......... ................................ ...... ....... ....... .. .............. .... .. ........... .. 18 
Oriental .................... ............................................ ................ .................... ... 19 

Ill. NEARCTIC 
Central-American ........... ..... ..... ... .......... ....... .. .... .......................... .. ........ ... 20 

Table 2. Biogeographical division of the butterflies (Lepid: Hesperioidea & Pap!lionoidea )on the 
Balkan peninsula. 
The biomes in Palaearctic: A. (1, 2 & 3)Biomes of Alpine and High Nordic rock-grounds, pastures 
and snow patches, B.( 4) Biome of European, mostly coniferous boreal type woodlands, C. (5 & 6) 

Biome of South European, Mostly deciduous woodlands, D. (7, 8, 9 & 10) Biome of steppes and 
woodland steppe, E. (11) Biome ofirano·Turanien semideserts, 
F. (13) Biome of Submediterranean mostly Oak woodlands, G. (14) Biome of 
evergreen Mediterranean maritime woodlands and maquis, H (15) Biome of rocky grounds, pastures and 
(Pinion peucis HT. 195 0 and Pinion heldreichii Hf. 1946) woodlands on rocky grounds of ( oro) 
Mediterranean mountains, I. (17) Biomes of deserts and semideserts. 

~ 
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1 2 3 4 5 6 7 8 9 10 11 

HESPERIOIDEA 
HESPERIIDAE 
l. Erynnis tages (Linnaeus, 1758) + + + + + + + + 6 
2. Erynnis marloyi (Boisduval , 1834) + + + + + + + + 10 
3. Carcharodus alceae (Esper, 1780) + + + + + + + + 13 
4. Carcharodus lavatherae (Esper, 1783) + + + + + + + 14 
5. Carcharodus floccifera (Zeller, 1847) + + + +. + + + + 13 
6. Carcharodus orientalis Reverdin, 1913 + + + + + + + + 10 
7. Carcharodus stauderi Reverdin, 1913 + 11 
8. Spialia phlomidis (Herrich-Schaffer, + + + + + + + + 10 

1845) 
9. Spialia serlorius (Hoffmannsegg, 1804) + + + + 16 
10. Spialia orbifer (Hubner, 1823) + + + + + + + 10 
11. Muschampia proto (Ochsenheimer, + + + + + + + 14 

1808) 
12. Muschampia tesse llum (Hubner, 1803) + + + + 14 
13. Muschampia cribrellum (Eversmann, + 9 

1841) 
14. Pyrgus carthami (Hubner, 1813) + + + + + 6 
1.5. Pyrgus sidae (Esper, 1784) + + + + + + + 10 
16. Pyrgus andromedae (Wallengren, + + + 4 

18.53) 
17. Pyrgus cacaliae (Rambur, 1839) + + + + 4 
18. Pyrgus malvae (Linnaeus, 1758) + + + + + + + + + 6 
19. Pyrgus malvoides (Elwes & Edwards, + + + + + 16 

1897) 
20. Pyrgus serralulae (Rambur, 1839) + + + + + + + + + 6 
21. Pyrgus onopordi (Rambur, 1839) + + + + 16 
22. Pyrgus cinarae (Rambur, 1839) + + + + + + 10 
23. Pyrgus armoricanus (Oberthur, 1910) + + + + + · + + + 13 
24. Pyrgus alvcus (Hubner, 1803) + + + + + + + + 6 
2.5. Heteroplcrus morpheus (Pallas, 1771) + + + 6 
26. Carleroccphalus palaemon (Pallas, + + + + 6 

1771) 
27 . Thyme lieus lineola ( Ochsenheimer, + + + + + + + + 13 

1808) 
28. Thymelicus sylvestris (Poda, 1761) + + + + + + + + 13 
29. Thymelicus acleon (Rottemburg, 177.5) + + + + + + + + 10 
30. Thymelicus hyrax (Lederer, 1861) + + 14 
31. Hesperia comma (Linnaeus, 17.58) + + + + + + + + + 13 
32. Ochlodes venala (Bremer & Grey, + + + + + + + + 5 

18.53) 
33. Gegenes pumilio (Hoffmannsegg, + + + + + + 17 

1804) 
34. Gegcncs noslrodamus (Fabricius, 1793) + + + + 14 
3.5. Pelopidas lhrax (Hi.ibner, 1821) + + 17 
PAPILIONOIDEA 
PAPILIONIDAE 
36. Zcrynthia polyxena (Denis & + + + + + JO 

Schiffermu llcr, 177.5) 
37. Allancaslria ccrisy (Godart, 1824) + + + + 12 
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38. A llancastria cretica (Rebel, 1904) + + + + + 15 
39. Archon apollinus (Herbst, 1798) + + + + + + 12 
40. Parnassius mnemosyne (Linnaeus, + + + + + + + 10 

1758) 
41. Parnassius apollo (Linnaeus, 1758) + + + + + + + 5 
42. lphiclides podalirius (Linnaeus, 1758) + + + + + + + + 10 
43. Papilio machaon Linnaeus, 1758 + + + + + + + + + 13 
44. Papilio alexanor Esper, 1800 + + + + + + + + 15 
PIERIDAE 
45. Leptidea sinapis (Linnaeus, 1758) + + + + + + + + 7 
46. Leptidea reali Reissinger, 1989 + + + + + + 6 
47 . Leptidea duponcheli (Staudinger, 1871) + + + + 12 
48 . Leptidea morse i Fenton, 1881 + + + 9 
49. A nthocharis cardamines (Linnaeus, + + + + + + + + + 6 

1758) 
50. Anthocharis damone Boisduval, 1836 + 12 
51. Anthocharis gruneri Herrich-Schaffer, + + + + + + + 12 

1851 
52. Euchloe ausonia (Hubner, 1804) + + + + + + 10 
53. Elphinstonia penia (Freyer, 1851) + + + + + + + + 17 
54. Aporia crataegi (Linnaeus, 1758) + + + + + + + + + 6 
55. Pieris brassicae (Linnaeus, 1758) + + + + + + + + + 13 
56. Pieris krueperi Staudinger, 1860 + + + + + 10 
57. Pieris mannii (Mayer, 1851) + + + + + + + + 10 
58. Pieris rapae (Linnaeus, 1758) + + + + + + + + + 13 
59. Pieris ergane (Geyer, 1828) + + + + + + + + 10 
60. Pieris napi (Linnaeus, 1758) + + + + + + + + 6 
61. Pieris bryoniae (Hubner, 1806) + + + + 4 
62. Pieris balcana Lorkovic, 1970 + + + + + + 6 
63. Pontia callidice (Hubner, 1800) + + 1 
64. Pontia daplidice (Linnaeus, 1758) + + + + + + + + 13 
65 . Pontia chloridice (Hubner, 1813) + + + + + + + 8 
66. Colias era te (Esper, 1805) + + + + 8 
67. Colias croce us (Fourcroy, 1785) + + + + + + + + + + 18 
68. Colias myrmidone (Esper, 1780) + + + 10 
69. Colias chrysotheme (Esper, 1781) + + + + 8 
70. Colias aurorina Herrich-Schaffer, 1850 + + + + 11 
71. Colias ca ucasica Staudinger, 1871 + + + + 15 
72 . Colias hyale (Linnaeus, 1758) + + + + 7 
73. Colias alfacarie nsis Ribbe, 1905 + + + + + + + 7 
74. Gonepteryx rhamni (Linnaeus, 1758) + + + + + + + + + 13 
75. Gonepteryx farinosa (Zeller, 1847) + + + + + + + + + 12 
76. Gonepteryx cleopatra (Linnaeus, 1767) + + + + + 10 
LYCAENIDAE 
77. Hamearis lucina (Linnaeus, 1758) + + + + + 7 
78. Lycaena phlaeas (Linnaeus, 1761) + + + + + + + + 13 
79. Lycaena dispar (Haworth, 1802) + + + + 9 
80. Lycaena virgaureae (Linnaeus, 1758) + + + + + + + 5 
81. Lycaena ottomanus (Lefebvre, 1830) + + + + + + + + + 12 
82. Lycaena tityrus (Poda, 1761) + + + + + + + + 6 
83. Lycaena alciphron (Rottemburg, 1775) + + + + + + + + + 6 
84. Lycaena hippothoe (Linnaeus, 1767) + + + + + 7 
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85. Lycaena candens (Herrich-Schaffer, + + + 15 
1844) 

86. Lycaena thersamon (Esper, 1784) + + + + + + + 10 
87. Lvcaena thetis Klug , 1834 + + 12 
88. Theda betulae (Linnaeus, 1758) + + + + + + 7 
89. Apharitis acamas (Klug, 1834) + + 17 
90. Neozephyrus quercus (Linnaeus, 1758) + + + + + + + + + JO 
91. Callophrys rubi (Linnaeus, 1758) + + + + + + 6 
92. Satyrium w-album (Knoch, 1782) + + + 6 
93. Satyrium pruni (Linnaeus, 1758) + + + 6 
94. Satyrium spini (Denis & + + + + + + + JO 

Schiffermuller, 1775) 
95. Satyrium ilicis (Esper, 1779) + + + + + + 10 
96. Satvrium acaciae (Fabricius, 1787) + + + + + + + 10 
97. Satyrium Iedereri (Boisduval, 1848) 11 
98. Lampides boeticus (Linnaeus, 1767) + + + + + + + 19 
99. Leptotes pirithous (Linnaeus, 1767) + + + + + + + 18 
100. Tarucus balkanica (Freyer, 1844) + + + + + JO 
101. Zizeeria karsandra (Moore, 1865) + + 19 
102. Cupido minimus (Fuesslv, 1775) + + + + + + + + + 5 
103. Cupido osiris (Meigen; 1829) + + + + + 15 
104. Everes argiades (Pallas, 1771) + + + + + + + 6 
105. Everes decolorata (Staudinger, 1886) + + + + JO 
106. Everes alcetas (Hoffmannsegg, 1804) + + + + + 9 
107. Celastrina argiolus (Linnaeus, 1758) + + + + + + 6 
108. Pseudophilotes vicrama (Moore, + + + + + + + + 10 

1865) 
109. Pseudophilotes bavius (Eversmann, + + + 16 

1832) 
110. Scolitantides orion (Pallas, 1771) + + + + + + 9 
111. Glaucopsyche alexis (Poda, 1761) + + + + + + 6 
112. Glaucopsyche paphos Chapman, 1920 + + 15 
113. Iolana iotas (Ochsenheimer, 1816) + + + + + 10 
114. Maculinea arion (Linnaeus, 1758) + + + + + + + 6 
115. Maculinea teleius (Bergstra sser, + + + + + 9 

1779) 
116. Maculinea nausithous (Bergstrasser, + + + 9 

1779) 
117. Maculinea rebeli (Hirschke, 1904) + + + + + 9 
118. Turanana endvmion (Frever, 1850) + + + + + + 11 
119. Chilades trochylus (Freyer, 1845) + + + + 19 
120. Chilades galba Lederer, 1855 + 11 
121. Plebeius pylaon (Fischer v. Waldheim, + + + + + + + + + 16 

1832) 
122. Plebeius argus (Linnaeus, 1758) + + + + + + + + 6 
123. Plebeius idas (Linnaeus, 1761) + + + + + + + 6 
124. Plebeius argyrognomon + + + + + + + 9 

(Bergstrasser, 1779) 
125 . Vacciniina optilete (Knoch, 1781) + + + 4 
126. Plebejidea loewii (Zeller, 1847) + + + 11 
127. Kretania eurypilus (Frever, 1851) + 11 
128. Kretania psylorita (Freyer, 1845) + 15 
129. Agriades pyrenaica (Boisduval, 1840) + + + 15 
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130. A lbulina orbitulus (Prunner, 1798) + + 4 
131. Aricia eumedon (Esper, 1780) + + + + 7 
132. Aricia agestis (Denis & + + + + + + + + + 10 

Schiffermuller, 1775) 
133. Aricia artaxerxes (Fabricius, 1793) + + + + + + 5 
134. Aricia anteros (Freyer, 1838) + + + + + + 12 
135. Polyommatus sem iargus (Rottemburg, + + + + + + + + 6 

1775) 
136. Neolysandra coelestina (Eversmann, + + + + + 11 

1843) 
137. Polyommatus escheri (Hubner, 1823) + + + + + + 7 
138. Polyommatus dorylas (Denis & + + + + + + + 10 

Schiffermuller, 1775) 
139. Polyommatus amandus (Schneider, + + + + + + + + 7 

1792) 
140. Polyommatus thersites (Cantener, + + + + + + + JO 

1835) 
141. Polyommatus icarus (Rottemburg, + + + + + + + + + 13 

1775) 
142. Polyommatus andronicus Coutis & 15 

Gavalas, 1995 
143. Polyommatus eroides (Frivaldszky, + + + + JO 

1835) 
144. Polyommatus eros (Ochsenheimer, + + + 15 

1808) 
145. Polyommatus menelaos Brown, 1976 + + + + 15 
146. Meleageria daphnis (Denis & + + + + 10 

Schifferm oiler . 1775) 
147. Meleageria bellargus (Rottemburg, + + + + + · + + 10 

1775 ) 
148. Meleageria coridon (Poda, 1761) + + + + + + + + JO 
149. Meleageria philippi Brown & Coutsis, + + + + + 15 

1978 
150. Agrodiaetus admetus (Esper, 1783) + + + + + 10 
151. Agrodiaetus ripartii (Freyer, 1830) + + + + + + 16 
152. Agrodiaetus aroaniensis (Brown, + + + + + 10 

1976) 
153. Agrodiaetus nephohiptamenos + + + + + 15 

(Brown & Coutsis, 1978) 
154. Agrodiaetus iphigenia (Herrich- + + + + 10 

Schaffe r. 1847) 
155. Agrodiaetus damon (Denis & + + + + + 9 

Schil'fermuller. 1775) -
NYMPHALIDAE 
156. Libythca celtis (Laicharting, 1782) + + + + + + + 18 
157. Argynnis paphia (Linnaeus, 1758) + + + + + + + + 6 
158. Argynnis pandora (Denis & + + + + + + + + + 13 

Schiffermuller, 1775) 
159. Argynnis aglaja (Linaeus, 1758) + + + + + 6 
160. Argynnis ad ippe (Denis & + + + + + + + + 6 

Schiffermu ller, 1775) 
161. Argynnis niobe (Linnaeus, 1758) + + + + + + + + + 6 
162 Issoria la thonia (Linnaeus, 1758) + + + + + + + + + 5 
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163. Brenthis ino (Rottemburg, 1775) + + + 7 

164. Brenthis daphne (Denis & + + + + + + + 6 
Schiffermi.iller, 1775) 

165. Brenthis hecate (Denis & + + + + + + + 6 
Schiffermi.iller, 1775) 

166. Boloria eunomia (Esper, 1799) + + + + + 7 
167. Clossiana euphrosyne (Linnaeus, + + + + + + + + + 5 

1758) 
168. Clossiana titania (Esper, 1793) + + + + 4 
169. Clossiana selene (Denis & + + + + 7 

Schiffermi.iller, 1775) 
170. Clossiana dia (Linnaeus, 1767) + + + + + + + 6 
171. Clossiana thore (Hubner, 1803) + + 1 
172. Boloria pales (Denis & + + + 3 

Schiffermi.iller, 1775) ' 

173. Boloria graeca (Staudinger, 1870) + + + 15 
174. Vanessa atalanta (Linnaeus, 1758) + + + + + + + + 13 
175. Vanessa cardui (Linnaeus, 1758) + + + + + + + + 20 
176. Inachis io (Linnaeus, 1758) + + + + + + + + + 6 
177. Aglais urticae (Linnaeus, 1758) + + + + + + + + + 6 
178. Polygonia c-album (Linnaeus, 1758) + + + + + + + + 6 
179. Polygonia egea (Cramer, 1775) + + + + + + + 12 
180. Araschnia levana (Linnaeus, 1758) + + + + + 7 
181. Nymphalis antiopa (Linnaeus, 1758) + + + + + + + + + 6 
182. Nymphalis polychloros (Linnaeus, + + + + + + + + + 6 

1758) 
183. Nymphalis xanthomelas (Esper, 1781) + + + 7 
184. Nymphalis vaualbum (Denis & + 9 

Schiffermi.iller, 1775) 
185. Euphydryas cynthia (Denis & + + 3 

Schiffermuller, 1775) 
186. Euphydryas intermedia (Menetries, + + 2 

1859) 
187. Euphydryas maturna (Linnaeus, 1758) + + 9 
188. Euphydryas aurinia (Rottemburg, + + + + 6 

1775) 
189. Melitaea cinxia (Linnaeus, 1758) + + + + + + + 6 
190. Melitaea phoebe (Denis & + + + + + + + 6 

Schiffermi.iller, 1775) 
191. Melitaea arduinna (Esper, 1783) + + 9 
192. Melitaea trivia (Denis & + + + + + + + + JO 

Schiffermi.iller, 1775) 
193. Melitaea didyma (Esper, 1778) + + + + + + + 10 
194. Melitaea diamina (Lang, 1789) + + + 7 
195. Melitaea aurelia Nicker! , 1850 + + + 6 
196. Melitaea britomartis Assmann, 1847 + + + + 9 
197. Melitaea athalia (Rottemburg, 1775) + + + + + + + 6 
198. Limenitis populi (Linnaeus, 1758) + + + + + + 7 
199. Limenitis camilla (Linnaeus, 1764) + + + + 6 
200. Limenitis reducta Staudinger, 1901 + + + + + 19 
201. Neptis sappho (Pallas, 1771) + + + + 9 
202. Neptis rivularis (Scopoli, 1763) + + + + + 9 
203. Charaxes jasius (Linnaeus, 1767) + + + + + 18 
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204. Apatura metis Freyer, 1829 + + 8 
205. Apatura ilia (Denis & Schiffermuller, + + + + + 6 

1775) 
206. Apatura iris (Linnaeus, 1758) + + + + + + 6 
207. Kirinia roxelana (Cramer, 1777) + + + + + + 12 
208. Esperarge climene (Esper, 1783) + + + + + 9 
209. Pararge aegeria (Linnaeus, 1758) + + + + + + + 13 
210. Lasiommata megera (Linnaeus, 1767) + + + + + + + + + 13 
211. Lasiommata petropolitana (Fabricius, + + + + + + + + 4 

1787) 
212. Lasiommata maera (Linnaeus, 1758) + + + + + 10 
213. Lopinga achine (Scopoli , 1763) + + + 9 
214. Ypthima asterope (Klug, 1832) + 17 
215. Coenonympha tullia (Muller, 1764) + + 5 
216. Coenonympha oedipus (Fabricius, + + 9 

1787) 
217. Coenonympha rhodopensis Elwes, + + + + + + + 15 

1900 
218. Coenonympha arcania (Linnaeus, + + + + + + + 7 

1761) 
219. Coenonympha glycerion (Borkhausen, + + + 7 

1788) 
220. Coenonympha gardetta (Prunner, + + + + + 5 

1798) 
221. Coenonympha leander (Esper, 1784) + + + + 10 
222. Coenonympha pamphilus (Linnaeus, + + + + + + + + 13 

1758) 
223. Coenonympha thyrsis (Freyer, 1845) + + + + + + + 15 
224. Pyronia tithonus (Linnaeus, 1767) + + + + + + 7 
225. Pyronia cecilia (Yallantin, 1894) + + + + + 10 
226. Aphantopus hyperantus (Linnaeus, + + + + + + 7 

1758) 
227. Maniola telmessia (Zeller, 1847) + + + + + + 11 
228. Maniola cypricola Graves, 1928 + + + + + + 15 
229. Maniola halicarnassus Thomson, 1990 + 11 
230. Maniola chia Thomson, 1987 + + + 15 
231. Maniola jurtina (Linnaeus, 1758) + + + + + + + JO 
232. Maniola megala (Oberthur, 1909) + + + + 11 
233. Hyponephele lycaon (Rottemburg, + + + + 10 

1775) 
234. Hyponephele lupinus (0. Costa, 1836) + + + + + + + JO 
235. Proterebia afra (Fabricius, 1787) + 9 
236. Erebia ligea (Linnaeus, 1758) + + + + + + + 7 
237. Erebia euryale (Esper, 1805) + + + + 3 
238. Erebia manta (Denis & + + + + 3 

Schiffermuller. 1775) 
239. Erebia epiphron (Knoch, 1783) + + + + + + + 3 
240. Erebia orientalis Elwes, 1909 + 15 
241. Erebia pharte (Hubner, 1804) + + + 3 
242. Erebia aethiops (Esper, 1777) + + + + + + + 7 
243. Ere bia triaria (Prunner, 1798) + + + + + + 15 
244. Erebia medusa (Denis & + + + + + 7 

Schifferm uller, 1775) 
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245. Erebia alberganus (Prunner, 1798) + + + + 15 
246. Erebia pluto (Prunner, 1798) + + + + 3 
247. Erebia gorge (Hubner, 1804) + + + 15 
248. Erebia rhodopensis Nicholl, 1900 + + + 15 
249. Erebia ottomana Herrich-Schaffer, + + + 15 

1847 
250. Erebia calcaria Lorkovic, 1949 + + 2 
251. Erebia cassioides (Reiner & + + + + 3 

Hochenwarth, 1792) 
252. Erebia pronoe (Esper, 1780) + + + + + + 3 
253. Erebia stirius (Godart, 1824) + + + 2 
254. Erebia stvx (Frever, 1834) + + 3 
255. Erebia melas (Herbst, 1796) + + + + + + + + 15 
256. Erebia oeme (Hubner, 1804) + + + + + + 3 
257. Erebia pandrose (Borkhausen, 1788) + + + 1 
258. Melanargia russiae (Esper, 1783) + + 15 
259. Melanargia galathea (Linnaeus, 1758) + + + + + + + + 10 
260. Melanargia larissa (Geyer, 1828) + + + + + + + + + 12 
261. Satyrus ferula (Fabricius, 1793) + + + + + + + + 10 
262. Minois dryas (Scopoli, 1763) + + + + + 9 
263. Hipparchia fagi (Scopoli, 1763) + + + + + + + + + 10 
264. Hipparchia svriaca (Staudinger, 1871) + + + + + + 12 
265. Hipparchia aristaeus (Bonelli, 1826) + + + + + 14 
266. Hipparchia cretica (Rebel, 1916) + + + + + + 15 
267. Hipparchia semele (Linnaeus, 1758) + + + + + + + + + 6 
268. Hipparchia mersina (Staudinger, + + + + 11 

1871) 
269. Hipparchia volgensis (Mazochin- + + + + + + + 13 

Porshniakov , 1952) 
270. Hipparchia christenseni Kudrna, 1977 + + + 15 
271. Hipparchia pellucida (Stauder, 1924) + + + + 11 
272. Hipparchia statilinus (Hufnagel , + + + + + + 10 

1766) 
273. Hipparchia fatua (Freyer, 1844) + + + + + + 12 
274. Arethusana arethusa (Denis & + + + + 16 

Schiffermuller, 1775) 
275. Brintesia circe (Fabricius, 1775) + + + + + + + 10 
276. Chazara briseis (Linnaeus, 1764) + + + + + + + + + 13 
277. Pseudochazara geyeri (Herrich- + + + 12 

Schaffer, 1846) 
278. Pseudochazara graeca (Staudinger, + + + + 15 

1870) 
279. Pseudochazara amymone Brown, 1976 + + + + 15 
280. Pseudochazara orestes De Prins & + + + + + + + + 11 

Poorten, 1981 
281. Pseudochazara mniszechii (Herrich- + + + + 15 

Schaffer, 1851 ) 
282. Pseudochazara cingovskii Gross, 1973 + + + + 13 
283. Pseudochazara anthelea (Hubner, + + + + + . 12 

1824) 
284. Oeneis glacialis (Moll , 1783) + + + 2 
285. Danaus chrysippus (Linnaeus, 1758) + + + + + 18 
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CONCLUSION 

Based on litera1y data and our own results, the al­
titudinal distribution of all 285 butterflies species of 
Balkan peninsula has been presented for the first time. 

Vertical profile of the Balkan peninsula is divided 
into 10 altitudinal zones, according to geological, his­
torical , climate and phytogeographic features. Each 
species is present in one ormore zones except for pa­
laeotropic migrant Colias croceus that is present in all 
10 altitudinal zones. 

Two group of species are narrow stenotopic and 
they are: species in the zone located between 0-150 m 
:md species in the zone located betwee n 1800-2925 m. 

Complex biogeographic discontinuity between 
different faunistical groups is achieved through com­
bining discontinuity in altitudinal distribution, horizon­
tal distribution and in appearing period . 

Biogeographic classification of Balkan peninsula 
butterflies has also been carried away (Table 2). Total 
20 biogeographic regions had been identified, and 
each species was classified into one of these regions 
(Table 1, column 11). 

The main material constituents o~butterflies' com­
munity on the Balkan peninsula are Pontic­
Mediterranean species (48), Middle-European species 
<15) and (Oro)Medite rranean species (31). 
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REZIME 

VERTIKALNA DISTRIBUCIJA I 
BIOGEOGRAFSKA PRIPADNOST DNEVNIH 
LEPTIRA BALK.ANSKOG POLUOSTRVA (Lepidop­
tera: Hesperioidea & Papilionoidea) 

PredragJAKSIC, llniverzitet u Pristini, PMF, Odsek 
za biologiju , Vidovdanska bb, 38000 Pristina 

U biogeografiji je poznato da je teritorija area la 
jedne vrste nehomogeno naselje na zbog variranja ek­
oloskih faktora. Najvaeniji uzrok te nehomogenosti na 
Balkanskom poluost1v u, kocl dnevnih leptira , je oro­
grafski faktor. Ovaj faktor je, u kombinaciji sa ge­
oloskim i klimatskim faktorom, glavni uzrok bogatstva 
faune Balkanskog poluostrva. Iako je fauna clnevnih 
leptira Balkanskog poluost1va relativno dobro 
proucena pitanje njene vertika lne distribucije jos nije 
razmatrano integra lno. Posebno smo zeleli da analizi­
ramo stepen kore lacije izmedju pojasnosti vegetac ije i 
rasporecla faune dnevnih leptira u tim pojasevima. Re­
zultate te analize smo prikazali na tabeli 1 (kolone 1 -
10). Odabrali smo 10 pojaseva na vertikalnom profilu 
Balkanskog poluosttva (0 - 2.925 m) nabazi isto rijsko­
geoloskih faktora , istorijskih i savremenih klimatskih 
prilika i na bazi rasporeda vegetac ionih pojaseva na 
planinama. 

Istovremeno, u ovom radu je po ptvi put prika­
zana analiza biogeografske pripadnosti 285 vrsta dnev­
nih lepti ra balkanskog poluost1va (tabela 1, kolona 11 ; 
tabela 2). Utvrdeno je postojanje 20 biogeografskih je­
dinica - 17 jedinica je iz okrilja Palaearctica, 2 jedinice 
poticu iz Palaeotropa i jedna jedinica potiee iz Nearc­
tica. Palaearkticke jedinice su u korespondenciji sa 
biomima, sto je prikazano na tabeli 2 (Matvejev i Pun­
cer, 1989; Lopatin i Matvejev, 1995). Na taj nacin je 285 
vrsta dnevnih leptira Balkanskog poluostrva svrstano u 
svoje ishodne biome. 

Received:September, 1998. 
Accepted: October, 1998. 
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ABSTRACT 

The contents of copper (Cu), zinc (Zn), lead 
(Pb) and cadmium (Cd) in the muscular tissue, 
skin, gills, liver and kidneys of the chubs ( Leucis­
cus cephalus ) caught from January the 23 th to 
August the 15th in 1995 in the Thar river near 
Mataruska Spa, were estimated by atomic absorp­
tion spectrophotometry (AAS). A total of nine 
specimens were analised, one specimen being 
caught each month. 

The presence of all investigated elements 
was detected in the muscular tissue, skin, gills, 
liver and kidneys. 

The average copper concentratrions were as 
follows: in the muscular tissue 1.75, skin 3.07, 
gills 6.32, liver 22.64 and kidneys 15.02 mg/kg. 

The average zinc concentrations were: in the 
muscular tissue 3.70, skin 22.71, gills 28.03, liver 
14.10 and kidneys 30.81 mg/kg. 

The average lead concentrations were: in the 
muscular tissue 0.27, skin 0.81, gills 1.41, liver 
2.47 and kidneys 3.20 mg/kg. 

The average cadmium concentrations were: 
in the muscular tissue 0.02, skin 0.20, gills 0.14, 
liver 0.30 and kidneys 1.14 mg/kg. 

Key words: Heavy metals, AAS, Tissues, Leuciscus cephalus. 

INTRODUCTION 

From Novembar 1986 to April 1987 permanently 
and since then from time to time the re were detected 
increased amount of copper, zinc, lead and cadmium 
in the wa te rs of the !bar ( 1). 

Earlier works have shown that microelements in­
troduced with food and water accumulate in the inne r 
fish organs ( 1). 

As fishes , in contrast to other organisms, satisfy 
the ir need for mineral matte r not only from food but 
also from water, we have put a task to investigate the 
contents of Cu, Zn, Pb and Cd in the muscular tissue 
and organs ( skin, gills, live r and kidneys ) of fishes 
caught in the !bar. 

The aim of the present work was to establish the 
distribution of introduced microelements within the 
muscular fi sh tissue and different fish organs. 

EXPERIMENTAL 

Reagents 

All chemicals used were of a nalytical grade from 
Merck and Fluka. 

1. Stock standard solution of cadmium: Dissolve 
1.000 g of cadmium meta l in a minimum volume of 
( 1+1) HCI. Dilute to 1 L with% (v/ v) HCI. 

2. Stock standard solution of copper: Dissolve 
1.000 g of copper me tal in a minimum volume of ( 1+ 1) 
HN03 

3. Stock standard solution of lead: Dissolve 1.598 
g of leacl nitrate, Pb(N03)2, in 10/o(v/ v) HN03 and di­
lute to l L with 1% (v/ v) HN03. 

1. Stock standard solution of zinc: Dissolve 1.000 
g of zinc metal in a minimum volume of ( 1+1) HCl and 
dilute to 1 L with 1% (v/ v) HCI. 

Work standarcl solution for cadmium (0.5-2 
µg/ mL), copper (0. 5-5 µg / mL) , lead (1 -10 µg/mL) and 
zinc (0.5-1 ~tg/mL) were prepared immediately before 
the determination these elements in samples . 

Apparatus 

All the experiments were preformed on a Perkin 
Elmer 3 300 double- beam atomic absorption spec­
trometar. 

Sample preparation 
Weight 2.5 g of sa mple into a 600 mL beaker. Acid 

25 mL of concentrated HN03, coker with a watch glass, 
and boil gently for 30-10 minutes to oxidaze all the eas­
ily oxidizable material. Cool the solution and slowly 
add 10 mL of 70% HCI0,1. Boil very gently until the so­
lution is nearly colorless. Do not allow the solution to 
go d1yness. Cool, add de ionized water, filte r and dilute 
to 50 mL with deionized wate r. This solution is aspi­
rated intro the atomic absorption spectrometer and the 
absorba nce due to Pb, Cu, Cd and Zn is measured . 

RESULTS AND DISCUSSION 

The results obtained on the contents of copper, 
zinc, lead and cadmium in the muscular tissue of the 
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chubs are shown in the Table 1. Graphic representa­
tions of the distribution of investigated microelements 
are given in Charts 1, 2, 3 and 1. 
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As seen from Table 1 the average zinc concentra­
tion in the muscular tissue of the chubs was 3.70 
mg/ kg, with variation range 0.23- 12.68 mg/kg; in skin 
22.71 mg/kg with variation range 4.41 -69.25 mg/ kg; in 
gills 28.03 mg/kg with a variation range 11.73- 65.13 
mg/ kg; in liver 11.10 mg/kg with a variation range 2.26-
33.72 mg/kg;in kidneys 30.81 mg/kg with a variation 
range 7.64- 60.15 mg.kg. 

The content of zinc in muscular tissue was similar 
to that established by Brown and Chow 0977) which 
amounted 3- 9 mg/ kg and Materna 0977) which was 
7.7 mg/kg. Winikour et al. 0980) have reported that 
zinc conce ntration in the muscular tissue of trouts 
ranged within 100- 109 mg/kg of d1y matte r. In fi shes 
caught in the Danube, Wacsh 0982) found zinc con­
centrations in the muscular tissue 2.5- 23.5 mg/kg; in 
liver 41.5 mg/kg; kidneys 75.4 mg/kg. 

The average copper concentration in the muscu­
lar tissue was 1.75, skin 3.07, gills 6.23, liver 22.64 and 
kidneys 15.02 mg/kg; the variation range was 0.1 2-
3.10 for the muscular tissue, skin 0.50- 6. 39; gills 1.11-
14.12; liver 2.01- 13.23 and kidneys 1.27- 34.73 mg/kg. 

The copper content in the muscular tissue was 
similar to that established by Wacsh ( 1982) in the mus­
cular tissue of fi shes caught in the Danube ( 0.1- 1.9 
mg/kg ) but the content of copper was considerably 
lower in liver <1 .0 mg/kg) and kidneys ( 1.1 mg/kg). 

Our ea rlea r investigations (Marija VukasinoviC, 
Isidor RajiC, 1989) have shown that copper content in 
the muscular tissue of trouts bred in fi sh ponds ranged 
from 0.10 to 16.91 mg/kg. If fi shes spend 12 weeks in 
water with 70 ~cg/L copper (Buckley and all., 1982), fish 
gills were contained 5.6 - 0.8 µg/kg Cu. kidneys 
9.01+1.1 µg / kg Cu and liver 700+63 µg/kg Cu. At a cop­
per concentration of 140 µg/ L, after 12 weeks, it was 
founded 9.8+ 1.8 in fish gills, kidneys 13+4.0 and liver 
718+25 ~cg/kg Cu. These data provide evidence that 
copper accumulates in the liver which is also con­
firmed by our investigations. 

The average lead concentration in the muscular 
tissue of the chubs was 0.27, skin 0.81, gills 1.11, liver 
2.17 and kidnyes 3.2 mg/kg. 
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Table 1. Average co11centration qlzinc, copper, lead and cadmium ill tin muscular tissue and orga11s of the cbubs (Leu­
ciscus cepbalus ). in mg/l?g. 

Variaton Muscu la r tissue Skin 

x 3 .70 22.71 
Sd 3.79 21.55 
Cv 102.53 94.90 
Iv 0.23-12 .60 4.li0-69.20 

x 1.75 3.07 
Sd 128 1.97 
Cv 72.85 64.19 
Iv 0.10-3.40 0.50-6.40 

x 0.27 0.81 
Sd 0.14 0.61 
Cv 52.85 75.21 
Iv 0.00-0.liO 0.10-1.80 

x 0.02 0.20 
Sd 0 .018 0.385 
Cv 9/i.72 19/i.13 
Iv 0.00-0.05 0.02-0.20 

Materna 0977) has established that the muscular 
tissue of fishes contain lead in a concentration of 111 
µg/kg. Ray (1978) has reported in Canada fishes con­
tain lead in the muscular tissue in a concentration of 
1.35 mg/kg, in liver 5.67 and in kidneys 6.82 mg/kg. 
Hegi and Geiger ( 1979) were founded that content of 
lead in muscule tissue of fishes was 0.048 mg/ kg and in 
live r 0.067 mg/ kg. Wong et al. 0981) have published 
that in fishes lead is first deposited in the fat tissue, skin 
and gills. Book of regulations on the amount of pesti­
cides and other toxic materials (12) allows the presence 
of lead in fresh muscular tissue in a amount of 1 mg/kg. 

The average cadmium concentration in the mus­
cular tissue of the chubs was 0.02, in skin 0.20, gi ll s 
0.11, liver 0.30 and kidneys 1.11 mg/ kg with a variation 
range for the muscular tissue from 0.00 to 0.05, skin 
from 0.02 to 1.22, gills 0.02 to 0.29, liver 0.02 to 0.69 and 
kidneys 0.26 to 2.54 mg/kg. 

Badsha and Gainsbuiy ( 1977) have established 
that muscular fish tissue contain cadmium in an 
amount of 2.5 mg/kg (Severn river) and from 1.3 to 1.1 
mg/kg ( in rivers of the Southern England). Edgeren 
and Notter 0980) have found that cadmium is primar­
ily deposited in the inner fish organs and only than in 
the muscular fish tissue. Book of Regulations of the 
amounts of pesticides and other toxic materials (12) al­
lows the presence of cadmium in an amount of 0.1 
mg/kg in fresh muscular fish tissue. 

CONCLUSIONS 

On the basic of the result obtained the following 
may be concluded: 

Zn 

Cu 

Pb 

Cd 

Gills Liver Kidney 

28.03 lli.10 30.81 
20.06 11.21 21.62 
71.55 79.li8 70 18 

11.70-65.10 2.30-33.70 7.60-60. liO 

6.32 22.6/i 15.02 
li .28 14.61 9.65 

67 .80 64.52 64.25 
1.10-1/i.10 2.10-li3 .20 li.30-::H.70 

l .lil 2.li7 3.20 
0.88 1.li7 232 

62 .16 59.lili 72.55 
0.20-2.50 O.li0-5.20 O.li0-7.90 

O.lli 0.30 Ult 
0.100 0.275 0.278 
71.79 90.79 63.79 

0.02-0.30 0.09-0 60 0 26-2.50 

1. The lowest levels of zinc, copper, lead and cad­
mium were found in the muscular tissue of the chubs 
(Leuciscus cephalu); these findings confirm earlier ob­
servations that metals accumulate in the liver, kidneys, 
skin and gills . 

2. In chubs zinc is accumulated in the kidneys and 
gills, copper in the liver and kidneys, cadmium in the 
kidneys and liver. 

3. From the standpoint of the content of toxic met­
als (Cd and Pb), the muscular tissue of the chubs that 
live in the Ibar river may be used in human diet. 
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REZIME 

DISTRIBUCIJA NEIGH MIKROELEMANATA U 
MISICNOM TKIVU I ORGANIMA RIBA (Leuciscus 
cephalus) ULOVLJENIH U IBRU 

Mr VUKASINOVIC Ma rija , Vete ri na rski specija listi cki 
insti tut "Kraljevo" , 36000 Kraljevo, Jugoslavija 
Dr MIHAJLOVIC Ra ndje l, Prirodno mate maticki 
fa kultet, 34000 Kragujevac, Jugos lavija 
PAVLICEVIC Nina, Spec. to ks. he m. , vete rinarski 
specija tisticki insti tut "Kra tjevo", 36000 Kra tjevo, 
jugoslavija 

Pracen je saclrfa j bakra( Cu), cinka (Zn), olova 
(Pb) i kadmijuma (Cd) u misiCno m tkivu , kozi, skrgama 
i bL1bregu riba ( LeL1ciscL1s cephalis ) Ll lovlje nih u Ibru 
kod Mata ruske Banje od 23.01.1 995 godine do 
15.08.1995. godine po jeda n uzorak mesecno. Uku pno 
je obradjeno devet uzoraka . 

lJ misicnom tkivu , kozi, skrgama, je tri i buregu 
utvrue no je prisustvo svih ispitivanih e te me nata . 

Prosecna ko ncentraci ja Cu bila je LI misienom 
tkivu 1.75; kozi 3.07; skrgama 6.32; je tri 22.64 j bubregLI 
15.02 mg/ kg. 

Prosecna koncentrac ija Zn bila je : LI mis icnom 
tkivu 3.70; kozi 22.71 ; skrgama 28.03; je tri 14. 10 i bu­
bregu 30.81 mg/kg. 

Prosecna koncentraci ja Pb iznos ila je: u misicnom 
tkivu 0 .27; kozi 0 .81; skrgama 1.11; je tri 2.17 i LI bLl­
bregu 3.20 mg/ kg. 

Proseena ko ncentracija kadmijuma bila je: u 
misiCnom tkivLI 0.02; kozi 0 .20; skrgama 0.11; jetri 0.30 i 
bubregu 1. lli mg/kg. 

Raspode ta bakra (Slika 1) ukazuje na de­
ponova nje ovog e te menta u je tri gde je zastuptje n sa 
li6%, bubregLI 31%; skrgama 13%, kozi 6% i misienom 
tkivu 1%. 

Najvise vrednosti cinka utvrdje ne SU LI skrgama 
28%, bL1bregL1 31%, kozi 23%, je tri 14% i misicnom tkivu 
1% ( Stika 2). 

Raspodela otova (Stika 3) izgteda ovako : 39% de­
ponovano U bubregu , 300/o U je tri , 170/o LI skrgama, 100/o 
u kozi i 3% u misicnom tkivu. 

KadmijLlm je kao i osta li e le me nti ut:v rdjen LI 
najniZitn koncentracijama u misicnom tkivL1 1 %, 
skrgama 8%, kozi 11%' je tri 17% i bubregLI 63%. 1. 

Nas i rezu ltati Llkazuju da se LI misienom tkivu 
najmanje akumuliraju ispitivan i e le me nti . 
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ABSTRACT 

The paper presents a number of historical 
and demographic facts of Serbian people and 
their endeavors to live and survive on their own 
land of Kosovo and Metohija. 

The general appearance of Kosovo had been 
deeply changed in V and VI century when the 
Serbs settled this area and transformed it into an 
essentially Serbian country. In the Middle Ages 
Kosovo became the heart of spiritual and cultural 
growth of the Serbs. However, an extensive 
demographic shift was later induced by the im­
migration of the Albanians converted to Islam, 
the settlement of whom was highly favored by 
the Ottoman Empire. The territorial expansion­
ism of Albania, found in 1913, arose the view­
point according to which Kosovo and Metohija 
were to become a part of the newly established 

state. The Albanian political aspirations to annex 
this territory persisted during the Italian and 
German occupation and after World War Il; con­
sequently, a considerable part of local Serbian 
population was forced or induced to leave. 

The amendment of the Constitution of Ser­
bia in 1989 influenced the political state of affairs 
of Kosovo and Metohija positively, for the Repub­
lic of Serbia assumed legal control of the prov­
ince. 

At present, the Serbs and members of other 
ethnic communities who do not support the Al­
banian territorial expansionism are being terror­
ized again. It has finally become clear that the 
Serbian Goverrunent must decisively defend the 
indisputable right of Serbia to tlle territory of Ko­
sovo and Metohija. 

KEY WORDS : Kosovo and Metohija , Serbs, Albanians, Charter of Decani , conversion to Is lam, Serbia 

Deep sense of sacred duty to our people inclined 
us to open and highlight certain historical , demo­
graphic , social, and cultural problems of Kosovo and 
Metohija. Our task is to present the truth about the Ser­
bian population of this area . Thus we intend to contrib­
ute to the rightful understanding of the efforts of Ser­
bian people to stay in Kosovo which is their native soil 
and fatherland; at the same time we will try to prove 
that the Serbs have never been the conquerors, but 
honest and gentle folk. 

Rich in fertile soil and minerals, the region of Ko­
sovo had been exposed to a massive demographic tur­
bulence in V and VI century w hen the Serbs reached 
these parts and made them densely popu lated and ut­
terly indigenous by naming places, rivers, and hills 1

• 

Due to the multitude of the ir people, conversion to 
Christianity, and, late r, the ir political organization, the 
Serbs soon dominated the remainder of aboriginal 
population. 

The name of Kosovo had never been mentioned 
in the old Serbian documents prior to XIV century. It 
firstly emerged in 1389, at the time of the Battle of Ko­
sovo, and it was applied to places that formerly bore 

1 Branislav Nusic, Kosovo, Prosveta, Beograd, 1986, p. 9. 
2 Ib id. , p. 10. 
3 Ibid., p. 12. 

other names . In several letters in Latin dated to this year 
Kosovo is referred to as Campus turdorum (thrush for­
est) or Campus mernlarum (blackbird forest). So, an 
opinion gained ground that the etymology of this 
place-name should, among other possibilities, be ex­
plained by the name of the blackbird (Serbian : kos) . 
We believe this etymology to be the most probable and 
therefore accept it. Nevertheless, people believe that 
this name is derived from the verb to mow (Serbian : 
kositi), for Kosovo is" a true meadow of God ",vast and 
covered w ith marvelous grass. Others claim that the 
name appeared as the result of numerous battles of 
many nations , for " many a dragon mowed and fought 
each other on its ground." 2 Its Slavonic origin is con­
firmed by the fact that this name is common to other ar­
eas inhabited by the Serbs, such as the village of Koso­
vac by the river of Drina and in Macva, the village of 
Kosovica near Uzice, the hamlet of Kosovo in the 
mountain ofRudnik, which are all in Serbia. Located at 
latitude 12° to li3° northeast and at longitude 18° to 19° 
east, Kosovo borde rs the Kingdom of Serbia in the 
northeast, the region of Sara in the east, Metohija in the 
northwest, and the Sandzak of Novi Pazar, w hich lies 
beyond the mountains of Rozaje, in the nort]i. .i 
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When the Serbs settled this area in V and VI cen­
tury they did not name it Kosovo because they distrib­
uted over the region according to the ir tribal structure 
establishing counties, some of which were named afte r 
rive rs, hills , or settlements, such as Lab, by the river of 
Lab, or Lipljan nearby the famous Roman town of Ulpi­
ana ; other names, however, like Sitnica or Drenica, 
were brought from the original Serbian homeland .'' 

Joined to other Slavic tribal territories , Kosovo 
was also exposed to frequent attempts of its neighbors 
to dominate it. In the middle of IX centu1y, at the time 
of Bulgarian expansion, Serbia turned into a battle­
ground of the Byzantine Empire and Bulgaria . Conver­
sion to Christianity of the principal Serbian families was 
an important political success of the Empire. This led to 
the massive conversion of commoners followed by 
strong Byzantine political and cultural influence, the 
consequence of which upon development of the Serbs 
was to be felt much later. In the meantime the Empire 
weakened; its ultimate triumph was the conquest of 
Hunga1y and the surrounding Serbian territories under 
the Emperor Manojlo Komnin ( 1113 - 1180). This cam­
paign, however, exhausted the sources of the Empire 
so the death of the Emperor was followed by a long pe­
riod of crisis. The weakness of the Empire gave the 
Great Zupan of Serbia, Stefan Nemanja (1166 - 1196), 
an opportunity to enlarge his territo1y and to comprise 
the val leys of the Southern and the Great Morava, the 
present-day Kosovo, the plains around the Lake of Ska­
dar, and the Adriatic coastal towns from Kotor to Ska­
clar. This enlargement altered the de nominational 
structure of his subjects, for the coastal towns were in­
habited by Roman-Catholics, while the Greek Ortho­
dox population was concentrated in the diocese of the 
Archbishop of Ohrid, including the dioceses of the 
bishops of Ras, Lipljan, and Prizren. 

Thus the reviva l of culture in this region was dis­
tinctively marked by the progress of the Kingdom of 
Serbia and Serbian Orthodox Church. The cult of can­
onized monarchs glorified the authority of the dynasty 
and the State incorporated a specific Serbian tradition 
into the general Christian civilization. 

The dynastic conflict between Stefan Dragutin 
(1 276 - 1282, died in 1316) and Stefan Uros II Milutin 
(1 282 - 1321) at the beginning of XIV centu1y jeopard­
ized the achievement of the previous period. There­
fore, weakening of the State and loss of certain te rrito­
ries marked the beginning of re ign of Milutin's son Ste­
fan Uros II Decanski 0321 - 1331). The Charters of De­
cani, which appeared by the year 1330, contain su1veys 
of monastic properties and settlements as well as cen­
suses which prove that the inhabitants, including some 
Vlachs , bore Slavic names. "These Charters are solemn 
documents signed by the founder and sponsor of the 
monaste1y and they consist of a solemn part in w hich 
the sponsor denotes his own place in the histo1y of his 
people and, optionally, as it is the case with two of the 
Charters, of the survey of his lands and possessions in­
cluding people, and the list of other commodities 
which he presented as a gift to the monastery he spon-

I Ibid ., p. 9 

sored; w hen the sponsor in question was a monarch , 
namely the king Stefan Decanski, the documents also 
contained his unalienable and indisputable rights-"5 

Three of these Charters were made w hile the 
monastery ofVisoki Decani \vas be ing built and one of 
them is an e ighteen century copy made in Baja, Vojvo­
dina. They enable us to investigate the name of Meto­
hija and give us an opportunity to lea rn about the me­
dieva l Serbia and its social conditions. The word meto­
hion is of Greek origin and denotes the monastic prop­
erty. The name was applied to the region between Pee 
and Decani, Djakovica and Prizren, and it confirms that 
even after seven hundred years of Turkish domination 
this region is still an essentially Serbian so il. 

According to the data provided by these Charters , 
the Serbs of Orthodox denomination made 98 % of the 
population of Kosovo and Metohija in XI, XII and XIII 
century. Certain remote villages in the mountains west 
of Decani, such as the village of Mete , once completely 
Serbian and now of biethnic population, half Albanian 
and half Serbian, still re mind us that this land once 
upon a time was a monastic property . 

The specimens of fine architecture characte rized 
by high artistic va lue witness the existe nce of the Serbs 
in this area over the centuries. Stefan Nemanja invested 
considerable financial means and labor into founda­
tion of churches and monaste ries in orde r to affirm the 
authority of the State which at that time became an im­
portant partner to the ne ighboring countries since it 
had comprised both coastal and continental regions 
Sponsorship appea red to be an important act of medie­
val rule r's independence on all levels of authority and 
at the same time a major cultural event. 

Among lots of monuments the following should 
particularly be mentioned : the monastery of Studenica 
Hvostanska from XIII cent. , the Patriarchy of Pee built 
during XIII and XIV cent., the monaste ry of Gracanica 
sponsored by king Milutin, the foundation stone being 
laid in 1313, the church of the diocese of Lipljan be­
neath the present-day Gracanica, the church in 
Banjska, the church of St Archangel, and many others 
(see the map below ). These most famous monuments 
of Serbian spirit and architecture point out that here 
was the heart of Serbian people and state. 

Large stone-built fortresses of great strategic im­
portance were distinguished elements of the image of 
medieval Serbia. White stone walls encircled tow ns, 
houses of the gentry, royal courts, monaste ri es, and 
military bases. Byzantine e mperor and w rite r Constan­
tine Porphyrogenit (mid X cent.) is the author of the 
oldest documents about fortified Serbian tow ns. Apart 
from towns in western parts of the country, he men­
tioned the town of Dostnik, present-day Drsnik in Me­
tohija , as be ing the southernmost.(' 

The Turkish conquest of the Balkans, which was 
preceded and followed by migrations of the Serbs, 
stayed the entire progress of medieval Serbian culture. 
Unw illing to live under Turkish domination, the Serbs 
migrated and inhabited the waste fronti e rs. The Turks 
themselves forced some of the submitted Serbs to settl e 
the devastated borders of the Ottoman Empire. 

5 Obelezja , Pristina XIl(l), 1982, Dr Dragutin M ieovic, lmena metohijsk ih naselja, p . 15/i. 
6 

Istorija srpske kulture, Decje nov ine-Gornji Mila novae, Udru zen je izdavaca i novinara Jugoslavije, Beograd, 19911, p. 
90 
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After the conquest of Metohija, it took a century 
and a half for the Turks to submit the remainder of the 
Serbian State . From the middle of XV century until the 
ea rly XIX centuty a large part of the oppressed Serbian 
population left their native soil and thus weakened the 
medieval nucleus of Serbian nation. Successive migra­
tions took place in XVI and XVII centuty, best know n 

Addition no. 1. 
(source · Politika, October 7, 1998.) 
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being the Great Migration o f 1690. People remember 
another important migration of somewhat lesser inten­
sity - the one from the yea r 1737. Both of these migra­
tions were marked by the fact that the people were led 
by their Patriarchs Arsen ije III and Arsenije IV. During 
the Great Migration of the Serbs about 37 000 families 
crossed the Sava and the Danube and settled as far as 
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The fact char at least 300 monuments we re lefr out of this map for the sake of legib ili ty strongly confirms the presence of 
rhe Serbs in this region throughout the centuries. 
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the city of Buda, Hunga1y. In return, the Turks settled 
the Albanians from Malesija and from the highlands of 
Dukacljini all over now semi-populated Kosovo and 
Metohija; these settlers converted to Islam thus gaining 
numerous privileges in regard to Christian Serbs. 

These newly converted Muslims joined the Turks 
in the attempt to reduce the Serbs and other Christians 
into serfdom. Highlanders from northern Albania who 
came to Metohija and converted to Islam were favored 
by the Turks more than Christian Serbs . Being an im­
portant resource of Turkish milita1y power, guardians 
of northern and northweste rn Turkish borders, and the 
"gendarmes" for the submitted nations of the Balkans, 
the Albanians became increasingly important for the 
Ottoman Empire. 

The invasive immigration into Kosovo and Meto­
hija lasted from XVII centuty on, and the Albanians of 
Metohija still keep their tribal names as well as the Ser­
bian, i.e. Slavonic names of villages and towns in which 
they replaced the Serbs, phonetically addopted to the 

· Albanian pronounciation, though .7 
Conversion to Islam was never general, but it was 

perpetual and lasted until the beginning of XIX century 
in the north , i.e. the early XX centu1y in the south. After 
the migration of 1690, The conversion was replaced by 
assimilation of the remainder Serbs in the boundary 
area between the two nations. 

Dr. Milisav Lutovac8 discussed in detail the demo­
graphic movements in the area of Gora and Opolje. 
The inhabitants of Gora - the Gorans , present a Serbian 
oasis in the mountains of sara and Koritnik since these 
parts had only partially been subdued to migrations. 
Relatively isolated population of these highlands was 
never directly exposed to the oppression and demo­
graphic movements typical for the lower country, so 
the Gorans remained Orthodox Christians longer than 
others. 

They converted to Islam much later, clue to the 
conversion in Ljuma and ethnic changes in the valley of 
the Drim and in Opolje. 

The inhabitants of Opolje, on the other hand, be­
long to the Albanian-speaking community. They live in 
the ravine of Opolje and partially in the foothills of the 
mountain of Koritnik. Much flatter and richer in fertile 
soil than Gora, this region was attractive for the Turkish 
invaders - the fact that resulted in emigration of one, 
and conversion of the other part of local Serbian popu­
lation . In time the natives amalgamated with the Alba­
nian newcomers . The original homeland of these im­
migrants is shown in the Table 1. 

As the survey shows, the clans immigrated from 
neighboring regions , mostly from Albania, Has, and 
Poclrimlje . The time when this immigration began (mid 
XVIII cent.) and its intensity imply a considerable de­
crease in the local Serbian population caused by their 
previous migrations followed by anarchy that gave the 

7 Obelezja , pp. 158-1 59. 
8 Dr Milisav Lutovac, Gora i Opolje, Beograd, 1995. 
'J The Table taken from: Gora i Opolje, pp. 276-277. 

newcomers an opportunity not only to found new set­
tlements , but also to occupy the existing ones w hich 
were already populated by the remaining Serbs. 

Table 7. SURVEY OF THE IMMIGRANT CLANS 
ACCORDING TO THEIR NA Tl\IE HOMELAND9 

CLANS HOMES 

Arbanija 18 283 

Has & Podrimlje 9 150 

Ljuma 5 58 

Surroundings of Skoplje 2 45 

Surroundings of Tetovo 2 28 

Surroundings of Debar 1 13 

Kaeanik 1 2 

Orson in Asia 1 20 

Origin unknown 3 37 

TOTAL '12 6:36 

Although it is ,obvious that the Serbs had always 
been the native population of this region, they were 
quickly outnumbered by the Albanians and the con­
verted and then assimilated Serbs. 

In the war of 1876 - 1878 Serbia took possession of 
Toplica, Jablanica, and certain parts of Kosovo; the lat­
est, however, had to be returned to Turkey according 
to the agreement made at the Congress of Berlin in 
June, 1878. Consequently, about 30 000 Albanians left 
Toplica and Jablanica and settled Kosovo; there they 
exposed the local Serbs to such terror and oppression 
that at least 150 000 of them emigrated from this re­
gion.111 This disturbed the ethnic balance that existed in 
Kosovo prior to 1878. Before this year the Serbs were 
still the majority; from 1878 to 1912 the two ethnic 
groups were equal in number, and after 1912 the ethnic 
structure changed in favor of the Albanians. 

Spiridon Gopcevic, our famous count1yman 
whose name is well known to any educated European, 
tried, as hard as any true patriot would, to present the 
truth about the Serbian people in the region of Old Ser­
bia and Macedonia. Traveling through Old Serbia and 
Macedonia in 1888, Gopcevic had a burning desire to 
display the political, cultural and social state of affairs 
in our fatherland in order to accomplish the ultimate 
task : the union of all his compatriots within one single 
State of Great Serbia. He visited numerous villages and 
towns of this ·area and determined the exact number 

111 Zbornik radova Filozofskog fakulteta 26 - 27 0996 / 1997), Pritsina, 1997, pp. 112 -113. 



and ethnic structure of the inhabitants. He says : "Sko­
plje is a town of more than 20 000 souls. The popula­
tion comprises 11 000 Serbs, 3 500 of w hom being Mus­
lim, 1 200 Jews, 150Tzintzars , 100 Gypsies, 3 500 Al­
banians and 600 Turks. The Serbs speak Serbian pretty 
well , but many of them have been bulgarized due to 
the inte nsive propaganda. 11 He believes the majority of 
the present-day Albanians to be nothing else but as­
similated Serbs. At the time of the Serbian Empire a l­
most all of the Malisors and the people of the county of 
Elbasan were Serbian. The Serbian names of certain 
tribes and vi llages prove this. Over the centuries many 
of these names have been changed : Golobrdo to Kolo­
parda, Belgrad to Berat, Sokol to Zogor, etc. The Mali­
sors and the people of the Elbasan county still keep the 
memo1y of thei r Serbian origin, and many of them still 
honor their family Saints . Elbasan is full of Serbs 'under 
cover' who privately speak Serbian, honor their Saints 
and practice Christianity, but in public they declare 
themselves to be Muslim and speak Albanian." 

Spiridon, who closely examined the histoty of Al­
bania in XII , XIII, and XIV centuty, comes to the con­
clusion that it is not possible for the Shkipetars to have 
lived in Upper Albania, for Upper Albania has always 
been spoken of as a Serbian Count1y, governed by Ser­
bian Zu pans and Princes. The inhabitants of Upper Al­
bania had always joined forces w ith the Serbs in eve1y 
battle and war, so the ir destiny was always dete rmined 
by the histo1y of the Serbs - the histo1y that never men­
tioned that the Shkipetars ever lived in Upper Albania. 
Dusan called himself "the Emperor of the Albanians" 
o nly after he submitted Lower Albania, Epyros, and 
Acarnania. "At those times Skenderbeg was called 'the 
Prince of Albania' and 'the Prince of Epyros' and the 
histo1y knows him as the Albanian national hero. It 
must not be forgotten , though, that there is no Albanian 
natio n as such, but the re is only the geographical 
place-name of Albania. What we ca ll the Albanians are 
in fact the ShkipetarsuH Besides, the people of Upper 
Albania keep numerous expressions, festivities , and 
customs of Serbian origin - "therefore it is an obvious 
and indisputable truth that, in terms of ethnography, 
the population of Upper Albania does not belong to the 
Shkipeta rian, but to the Serbian nation, and it has been 
so ever since the days of Skenderbeg. 111 3 

Prizren, once the capital town of the Kings of Ser­
bia, had 12 000 homes and 60 000 inhabitants, the eth­
nic structure of w hich was as follows : 

"Turks 
Catholic Albanians 
Mohammedan Albanians 
Christian Serbs 

6 000 
1 200 
3 000 
11 000 

Mohammedan Serbs 
Albanized Serbs 
Tzintzars 
Gypsies 

36 000 
1 500 
700 
800 u1'1 
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Gopcevic also provides the data concerning 
Djakovica, w hich used to be a distinguished Serbian 
town, while now it is e ntire ly albanized. "From 1 100 
ho mes in Djakovica only 16 (!) are inhab ited by the 
Serbs, 150 by the Gypsies, 130 by the Albanian Catho­
lics, and the remainder are the Mohammedan Albani­
ans - in fact a ll of them a lbanized Serbs! who , as it usu­
ally is the case with renegades, are the greatest among 
the fa naticsu15 

The greatest changes of the ethnic structure in this 
part of Old Serbia took place between mid XVIII and 
mid XIX centu1y, and be tween the Congress of Berlin 
in 1878 and the liberation from Turkey in 1912. This is 
confirmed by the numerous foreign authors, such as 
Joseph Muller who presented in 1838 the da ta concern­
ing the ethnic and religious structure of the population 
of Pee, Prizren and Djakovica. "92 % of the population 
of Pee were the Serbs, 4 % the Albanians; 74 % of the 
population of Prizren were the Serbs, 17 % the Albani­
ans; Djakovica, with 18 % of the Serbs, was the only 
town with the Albanian majority. Between 1876 and 
1912 approxi mate ly 150 000 Greek O rthodox Serbs 
were forced to leave Old Serbia , called at the time the 
Vilajet of Kosovo. 1116 

The League of Prizren was found in Kosovo and 
Metohija in June of 1878. This Albanian organization 
promoted the emigration of the Serbs in order to create 
a purely Albanian ethnic region and gain o n that basis 
the autonomy within the Ottoman Empire. The notes 
of Russian lawyer and w riter of travels Alexander Bash­
macov, who traveled in 1908 through Montenegro. 
northe rn Albania and Old Serbia or Kosmet, witness 
the suffe rings of the Serbs in Old Serbia. The panis­
lamic propaganda worked out in detail , the pleaders of 
which appeared eve1ywhere, and the intensified Aus­
trian agitation incited the oppression upon the Ortho­
dox population (banditism, etc.) . The Albanians exter­
minated e ntire Serbian families , especia lly those of in­
fluential Christians distinguished by personal merits, 
power, or education. Accord ing to Bashmacov they 
killed 60 men in 11 villages. In the Nahija of Pee 180 Or­
thodox me n were killed and 30 wounded during the 
following 11 years. The Nahija of Pee, settled in rhe 
western part of Metohija, had up to 3 000 Serbian 
homes with 15 000 people at the beginning of XIX cen­
tu1y, w hile now there is approximately 3 000 ethnic 
Serbs in the a rea, and the town of Pee itself has only 490 
Serbian homes with 2 500 inhabitants. 17 

11 Spiridon Gopcevic, Stara Srb ija i Makedon ija, Parna stamparija Dimitrija Dimitrijevica , 1890, p . 189. 
12 Ibid ., p. 208. 
13 Ibid , p. 208. 
H Ibid ., p. 210. 
15 Ibid ., p. 215. 
16 Politika, 27. 08. 1998, p . 16. 
17 Politika, 25. 07. 1998. 
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The national component of the problem became 
strongly emphasized after the Balkan War in 1912, 
when Serbia and Montenegro liberated Kosovo and 
Metohija from the Turks by joined milita1y action and 
annexed these territories. The State of Albania was 
found in 1913, bordering Montenegro, Metohija and 
Macedonia . Henceforth the Albanian leaders intensi­
fied the politics of territorial expansionism in order to 
create "Great Albania" . The factor of religion was also 
important, for the Islamic population traditionally 
averse Christian states and Muslims were the majority 
of the Albanian residents of Kosovo and Metohija; they 
could easily be engaged in combat for depriving the 
Serbs of their life space and for annexation of this re­
gion to the newly established State of Albania, itself 
dominated by Muslims. 

While 497 000 people inhabited Kosovo and Me­
tohija in 1912, in 1913, shortly after the liberation, this 
area was populated by 139 000 inhabitants, i.e. 58 000 
people less than prior to the liberation, due to the emi­
gration of Muslims to Turkey, the casualties of war, and 
the emigration of the Serbs during the Austrian occupa­
tion from 1916 to 1918. In 1931 Kosovo and Metohija 
were inhabited by 552 000 people, i.e. 113 000 people 
more than prior to 1921. 60 % of these people were the 
Albanians and the Turks, 32.7 % the Serbs and Monte­
negrins, and 7.3 % the remainder nations. In April of 
1911 , shortly before the World War II, approximately 
666 000 people inhabited Kosovo and Metohija; the in­
crease of 114 000 refidents is explained by high birth­
rate of the Albanians and the immigration between the 
Wars of 70 000 Serbs and Montenegrins, who now 
made 10.50 % of the total population. 18 

Immediately before the April War, and after the 
Italian occupation and annexation of Albania, the 
Comity of Kosovo, supported by Italy where it had 
been legalized, came to Albania and actively partici­
pated in the preparations for the future destructive ac­
tions in Yugoslavia, particularly in Kosovo and Meto­
hija. Well known is the statement made by the Italian 
Count Cano according to whom the irredentism of the 
Albanians in Kosovo was "a knife pointed at the spine 
of Yugoslavia". The Count promised Great Albania and 
at the Beginning of the war both Kosovo and Metohija 
were joined to this fascist creation. Albanian national­
ists and pleaders of territorial expansionism, as well as 
the Comity of Kosovo, overtook an extensive political 
activity in an auempt to popularize fascist Italy among 
the Albanian masses whose support they needed for 
the concept of Great Albania. Basically, they wanted to 
extend Albania in favor of Yugoslavia and to make new 
territories ethnically purely Albanian. 

After the capitulation of Italy on September 8, 
1943, Germany assumed control of the formerly Italian 
zone of occupation including Kosovo and Metohija. 
The Germans agreed with and supported the Albanian 
concept of dislocation of the Serbs and Montenegrins 
from Kosovo and Metohija. Between September of 

18 Zbornik radova Filozofskog fakulteta, Pristina, p. 113. 

l'J Ibid ., p. 116. 

1913 and April of 1944 the Serbs and Montenegrins 
were systematically forced or induced to leave Kosovo, 
and the Albanian attacks on Serbian villages became 
more frequent, more intensive, and more brutal. We 
lack the precise data concerning the number of Serbian 
refugees from Kosovo between 1941 and 1915, al­
though it has been estimated at approximately 40 000 
to 100 000. If prior to 194170000 Serbs and Montene­
grins settled in Kosovo, 20 000 of whom remained dur­
ing the war, than at least 50 000 people left in this peri­
od. At the same time approximately 70 000 to 75 000 Al­
banians, former residents of Albania, immigrated to 
Kosovo between 1911 and 1914, and in that way sig­
nificantly changed the ethnic stmcture of the popula­
tion of Kosovo and Metohija in an attempt to establish 
an ethnically "clean" Albanian territoty. 1'J 

In 1915 Kosovo and Metohija were given the ad­
ministrative status of the Autonomous Region of Ko­
sovo and Metohija within the People's Republic of Ser­
bia. The principal goal of this autonomy was to insure 
legal rights for the Albanians and other ethnic minori­
ties within Yugoslavia. Nevertheless, the administrative 
organs of the region comprised both the Albanian quis­
lings and symphatizers of the National Liberation 
Movement, and they all formally declared the legal 
equality of all ethnic groups in the region . 

In fact, they prevented the Serbian refugees from 
returning to Kosovo and misused the new laws con­
cerning the ownership of land in favor of the Albani­
ans, thus encouraging further emigration of the Serbs 
and Montenegrins. That was all a part of the plan for 
secession of Kosovo and Metohija from Yugoslavia. 

On March 6, 1915, the Government of Yugoslavia 
decided to prohibit the return of the refugees to Ko­
sovo and Metohija for the time being. This was induced 
by the political leaders of Kosovo and Metohija in order 
to avoid·the presence of the refugees at the time when 
private property over land was to be revised . The Alba­
nian secessionists got the benefit of this decision, for 
the decrease in Serbian and Montenegrin population 
made the existence of pure ethnic region more real 
and, in turn , increased the possibility of secession. 

Due to this decision 2 450 families, or 10 300 indi­
viduals did not come back to Kosovo and Metohija . Be­
tween 1915 and 1946, 15 786 ha of arable land was ex­
propriated from the Serbs and Montenegrins. About 10 
300 people emigrated to Vojvoclina while the immigra­
tion from Albania persisted, being supported by the 
political institutions of Kosovo and Metohija. Accord­
ing to the census of 1953, 816 000 people lived in Ko­
sovo and Metohija, 816 000 i.e. 60 % of whom were the 
Albanians, which is 264 000 people more than the 
number of residents shown by the census of 1913. The 
increase of 525 000 people i.e . 64.34 % within the Al­
banian population in 22 years was the result of their 
high birthrate of 20 %, as well as of the immigration 
from Albania after the liberation . Serbian population 
decreased to 229 000 i.e. 29 % due to the exodus during 



the war, casualties of war, the prohibition of returning 
of the refugees immediately after the war, and the emi­
gration to Vojvodina in 1945 and 1946. The Turks 62 
000 people i.e. 6.66 % of the total population. 20 It is ob­
vious that the ethnic balance that existed prior to 1911 
was disturbed in favor of the Albanians and that in re­
gard to the total number of inhabitants the Serbian and 
Montenegrin population decreased while the increase 
of the Albanian population presents a permanent 
demographic characteristic of the area, as shown by 
the census of 1961 according to which the Albanian 
population increased from 61 % to 67 % and the Ser­
bian and Montenegrin population decreased from 29 % 
to 27 %. 

After the amendments of the Constitution be­
tween 1968 and 1971 Yugoslavia decentralized and 
Kosovo and Metohija became almost independent 
from the Republic of Serbia, so the perpetual oppres­
sion over the Serbs and Montenegrins increased in bru­
tality v.·hile the immigration of the Albanians from Al­
bania, Macedonia and Montenegro continued. Conse­
quently, the census of 1971 showed that the Albanian 
population increased from 67 % to 74 % and the Ser­
bian and Montenegrin population decreased from 27 % 
to 20 %. At the same time the Turkish population also 
decreased while the Gypsy population increased. 

In 1971 the new partially confederate Constitution 
of Yugoslavia was established and the Province of Ko­
sovo gained the prerogatives of the State, being joined 
to the Republic of Serbia only formally . Political leaders 
of Kosovo waited for an opportunity to formally de­
compose Yugoslavia and declare the Republic of Ko­
sovo. The entire Serbian and Montenegrin population 
lived under permanent pressure, being continually 
forced or induced to immigrate, so 102 000 Serbs and 
Montenegrins left between 1961 and 1981. From 1974 
on the financial means intended for subvention of the 
underdeveloped regions of Yugoslavia were con­
stantly being invested in the future Albanian institu­
tions and the purchase of Serbian land for the refugees 
from Albania was financed even from the funds of cer­
tain International Humanitarian Organizations. Thus 
the Albanian population of Kosovo and Metohija dou­
bled between 1961 and 1981. According to the census 
of 1981 the population of Kosovo and Metohija num­
bered 1585000 people, 77.5 % i.e . 1227000 of whom 
were the Albanians l3 l l 000 people more than a dec­
ade earlier) and 11.9 % i.e. 237 000 were the Serbs and 
Montenegrins (5 .1 % less than a decade earlier). It is, 
however, important to emphasize that the data pro­
vided by the post-war censuses are not reliable be­
cause the data given by the Albanian residents were 
usually false. 

The National Museum in Tirana found in 1980 
contains a map of "the Albanian Territories " that had 
presumably been inhabited by the Illyrians, which in­
clude Kosovo and Metohija, a part of Montenegro, 
western part of Macedonia and the Greek province of 

20 Ibid., p. 127. 
21 Politik::t, 06. 07. 1998. 
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Chameria. According to the legend these territories 
were left "out of the homeland" in 1913. Contemporary 
Albanian leaders repeatedly stated that these territories 
must by all means be brought back to the "Mother 
Country ". These territories have been the target of the 
Albanian territorial expansionism for centuries. 21 

The terror over the Serbian and Montenegrin 
population culminated in 1981, at the time of the Alba­
nian separatist rebellion that lasted until 1989. Con­
vinced that the time had come for the secession, the Al­
banians organized mass demonstrations in towns ahd 
villages and multiplied the pressure over the remainder 
Serbian population. Unprotected Serbs and Montene­
grins immigrate so approximately 50 000 of them left 
Kosovo and Metohija between 1981and1990. 

After the amendment of the Constitution of Serbia 
on March 28, 1989, the Republic of Serbia assumed le­
gal control of Kosovo and Metohija. Some Albanians 
left their jobs, a part of the Fa~ulty left the Albanian Uni­
versity and high schools, and the students followed 
them. 

Since the Albanians boycotted the census of 1991 
the contempora1y statistical data concerning this ethnic 
minority, including the exact number of illegal immi­
grants, have never been determined. The data from the 
Press and certain publications are often subjective and 
approximate. Nevertheless, the number of the Alba­
nian immigrants has certainly surpassed the number of 
the Serbian and Montenegrin emigrants so the ethnic 
structure of the Province endangers the integrity of its 
Serbian population. 

At present, the Serbs and members of other ethnic 
communities who do not support the Albanian territo­
rial expansionism are being terrorized again. The Serbs 
alone stay the progress of the Albanian territorial, po­
litical, and military aspirations. Attempting to reach 
these goals they use the fascist methods of mass de­
struction and torture (mass graves, massacres, crema­
tion of men, women and even children). It has finally 
become clear that the Government of Serbia must deci­
sively defend the indisputable right of Serbia to the ter­
rito1y of Kosovo and Metohija. 

REZIME 

DEMOGRAFSKI I ETNICKI PROBLEM! 
KOSO\! A I METOHIJE 

Prof. dr GOLUBOVIC Petar, Asistent Suzana Markovic 
Krstic 

Doseljavanjem srpskog stanovniStva na prostore 
danasnjeg Kosova, u V i VI veku, dolazi do znacajnih 
promena u ovoj oblasti. Naime, Srbi, koji su bili veoma 
brojni, pocinju da daju imena mestima, rekama, plani­
nama, oblastima, donoseci u novu sredinu svoje 
navike i osobenosti, doprinoseci promeni ukupne fi zi­
onomije Kosova. 
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Srednjovekovni duhovni i kulturni razvoj srpskog 
stanovnistva biva oveloovecen u znamenitim spomeni­
cima kulture (poput manastira , gradova), sto samo do­
kazuje da je Kosovo bilo srediste srpskog naroda. 

Doseljavanje Albanaca i njihova afirmacija za 
vreme Turske Imperije i favorizovanje islamiziranih Al­
banaca kontinuirano je donelo niz demografskih i kul­
turnih promena na Kosovu. 

Nastankom Albanije 1913. godine javlja se se ideja 
da Kosovo bude prikljuceno novonastaloj drzavi. Ta 
nastojanja se cesto opravdavaju tezom o ilirskom 
poreklu Albanaca i "oslobodjenju" svih krajeva koji su 
naseljeni Albancima . lJ tom pravcu su isla mnoga na­
stojanja Albanaca tokom aprilskog rata pod italijan­
skom i nemackom okupacijom. Po oslobocljenju Jugo­
slavije, obrazovanjem Autonomne Kosovsko-

Metohijske Oblasti u sastavu Republike Srbije stvaraju 
se uslovi za ostvarivanje "velikoalbanskih" ciljeva. Od 
tada Albanci smiSljeno i planski proteruju Srbe a nase­
ljavaju svoje sunarodnike iz Albanije . 

LI periodu izmedju 1981. i 1989. godine Albanci 
upomo pokusavaju da ostvare otcepljenje Kosova i 
Metohije putem ulicnih demonstracija i nemira. Repub­
lil<a Srbija 1989. godine preuzima drzavne prerogative 
na Kosovu i Metohiji , pa se situacija menja. Medjutim, 
cla pitanje Kosova i Metohije nije reseno na zaclovolja­
vajuci i pravi nacin pokazuje stradanje i unistavanje 
Srba, danas na kraju XX veka. 

Received: November, 1998. 
Accepted : December, 1998. 
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BOOK REVIEWS - PRIKAZI 

Zbornik radova V SIMPOZIJUM 0 FLORI 
.JllGOISTOCNE SRBIJE, Zajecar '97. Univerzitet u Nisu, 
Tehnoloski fakultet u Leskovcu, BD "Dr Sava Petrovic" 
Nis i DD "Zdravlje" Leskovac, Nis, 1998. 

U organizaciji tri navedene institucije i Bioloskog 
clrustva "Dr Sava Petrovic" iz Nisa u Zajecaruje 1997. g. 
oclrfan, sacla vec peti - traclicionalni, Simpozijum o flori 
jugoistoene Srbije. Radovi sa tog simpozijuma su publi­
kovani u ovom Zborniku uz finansijsku podrsku Mini­
starstva nauke Republike Srbije. 

Na 362 strane Zbornika publikovan je 11 rad . 
Medju njima jedan rad se odnosi na faunu Rotatoria, sto 
po sadrfaju i ne pripada ovome Zborniku. Dva racla su 
iz oblasti taksonomije i opste problematike nizih bilja­
ka a najveCi broj ostalih ( 16) odnosi se na morfologiju, 
anatomiju, taksonomiju i tloristiku vaskulame flore 
Srbije (i Makedonije) . Dva racla tretiraju vegetaciju Zla­
tara i Stare planine. Ostali radovi pokrivaju razlicite 

Stankovic S.M. (urednik), 1998. 

ZBORNIK RADOVA EKOLOSKA ISTINA. VI Naucno­
strucni skup 0 prirodnim vreclnostima i zastiti zivotne 
sredine i XI Strucni sastanak preventivne medicine 
Timocke Krajine. Negotin , 27-30 maj 1998. Izdavac: 
Zavod za zastitu zclravlja "Timok" Zajeear, Tehnicki 
fakultet Bor, Drustvo mladih istrazivaca Bor, SO 
Negotin, Centar za poljoprivredu i tehnoloska 
istrazivanja zaiecar, RBN Bor, Ekoloski pokret 
"Dubasnica" Bor. Bor. 

lJ najnovijoj svesci ovog Zbornika na 190 stranica 
su prezentirani rezultati strucnjaka iz oblasti primenje­
nih i fundamentalnih geografskih i bioloskih nauka, 
kao i zdravstvenih radnika angazovanih u clomenu pre­
ventivne medicine. Ti su rezultati postignuti u protek­
lih godinu clana, u vremenu proteklom od prethoclnog 
skupa "Nase ekoloske istine". Ovo naglasavamo zeled 
cla istaknemo cinjenicu da TK i Bor posebno, u vre­
menu oskudice svake vrste, u lazu znatne napore i srecl­
stva u one sfere naucne i strucne aktivnosti koje ne 
clonose odmah , i ne tako viclno, korist. 

Materija je u Zborniku pocleljena na clva clela: ple­
na rna predavanja i referate . Ple namih preclavanja ima 
tri i zbog znacaja i inte resa navodimo njihove autore i 
naslove: 1. Stankovic S.M.: Geografska istraziva nja 

UDC: 019 

oblasti: biljnu etimologiju, primenje nu fitofi ziologiju i 
fitoekologiju i lekovita svojstva pojeclinih vrsta n;i se 
flore. Raclovi su pisani na srpskom i e ngleskom jeziku . 
Pojedini raclovi pisani na srpskom jeziku imaju na kraju 
Rezime, clok drugi imaju Summa1y. 

U prezentovanim raclovima je izneta originalna 
naucna gradja , rezultirala iz terenskih i laboratorijskih 
istrazivanja. Kao takva, bez obzira cla Ii je u fonni origi ­
nalnog naucnog racla, iii u formi strucnog rada, ona ee 
predstavljati dragoceni doprinos nafoj botanickoj 
nauci. 

Organizatorima skupa upueujemo cestitke na 
uspesno obavljenom obimnom poslu . Takodje, upu­
cujemo i sugestije da ti narednoj svesci Zbornika raclovi 
buclu tematski razvrstani, cla buclu saclrfajno uni­
formni, da se izvrsi njihova UDK klasifikacija, kao i da 
Zbornik clobije ISBN oznaku. 

P. Jaksic 

Sistema fovek - zivotna sredina; 2. CurCic B.P.M. , I.R. 
Savic, I.T. Radovic i V.M .Jovanovic: Biocliverzitet.Jugo­
slavije: nastanak i istorijski razvoj, sa osvnom na 
globalna shvatanja o njegovoj primenljivosti i vreclno­
sti, i 3. Savic LR., I.T. Raclovic, B.P.M. Curcic i A. 
Cetkovic: Mogucnosti koriscenja biomonitoringa u 
funkciji oeuvanja i zastite biocliverziteta . 

Drugi cleo Zbomika Cini 105 referata koji su temat­
ski svrstani prema slededm celinama: Naucnoistra­
zivacki projekti , Tehnologija i stanje zivotne srecline, 
Koriseenje i zastita vocla, Zastita i ocuvanje prirodnih 
vreclnosti, Zivotna sredina i zclravlje, Ekolosko vaspi­
tanje, Ekoloski menadzment, Socio-ekoloski mode l 
zclravlja u teoriji i praksi , Mikrobi i ljudi , Demografski 
procesi u SR.Jugoslaviji i Radovi naucnog poclmlaclka . 

Snalazenje u ovako obimnoj svesci Zbornika 
olaksava saclrfaj i incleks aurora. Prilozi su metocloloski 
jednoobrazni , sto je zasluga naucnog oclbora i organi­
zacionog odbora. Zamerke mo'lemo uputiti jedino na 
vrlo sitna slova kojima je tekst stampan . Time je clo­
bijeno na prostoru i usteclje no na troskovima stampe, 
ali je pri Citanju potrebno naprezati oci. 

P . .fak.lic 
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PAMPERIS N. Lazaros, 1997. 

THE BUTTERFLIES OF GREECE. Publications Bastas­
Plessas & The J.F. Costopoulos (sponsor) foundatio n, 
pp. I-XII + 1-559, Athens. 

ISBN: 960-7418-20-4 

Ovo impresivno de lo, fo rmata Ali, pored teksta 
sa rzi i brojne crteZe, mape, dijagrame, tabele, karte ra­
sprostranje nosti za 126 vrsta dnevnih leptira Grcke i 
1.171 prekrasnih kolor fotografija adultnih leptira , nji­
hovih razvojnih stadijuma i njihovih stanista. Sve ovo -
tekst i likovni prilozi, je odstampano na najkvalite t­
nijem papiru i povezano tvrclim platnenim povezom. 
Tako ova knjiga, cija cena iznosi 100$, ima i bibliofilsku 
vreclnost. 

U knji zi je prikazana fauna clnevnih leptira Grcke, 
koju cine 232 vrste, onako kako ju je visegoclisnjim is­
trazivackim radom sagledao autor ove monografije. Te 
rezultate je autor prezentirao kroz poglavlja: Predgo­
vor, Spoljne oznake clnevnih leptira, Stanista i zivotna 
sredina u Grckoj, Detaljni opis utvrdjenih vrsta, Ekolo­
gija dnevnih leptira, Reenik pojmova, Bibliografija i In­
cleks. 

Fauna clnevnih lepti ra Grcke je oduvek privlacila 
pafoju zbog svog bogatstva , narocito u tercije rnim e n­
demore liktnim vrstama. Ptv i opis leptira Grcke dao je 
jos Aristote l (38/i - 322) . Teme lje izucavanju ove faune 
uspostavio je Rebel ( 1910 - 1939) a posle II Svetskog 
rata Grcka je bila prava lepiclopte roloska Meka. Pam­
pe risova monografija je kruna svih tih cloprinosa i istin­
ski ponos naciona lne faune . 

U sacl rfajno najvafo ijem de lu knjige tekstom i 
ilustracijama su preclstavljene 232 vrste dnevnih leptira 
Grcke. Dat je dijagnosticki opis, vreme !eta, rasprostra­
njenje, osnovni podaci o ekologiji i sta nje ugrozenosti. 

Vujic A., Simic Smiljka, Milankov Vesna, Radovic 
Dragana, Radisic P. i Radnovic D., 1998. 

FAUNA SYRPHIDAE (INSECTA: DIPTERA) OBEDSKE 
BARE. ZNACAJ I POTREBA ZASTITE. Zavod za zast itLI 
prirode Srbije, Posebno izdanje br. 17, pp. 1 - 71, 
Beograd . 

YUISSN - 0352-129 
UDK - 595.773.1 (497.113) 

PL1blikovanje e ntomoloskih monografij a je kod 
nas prilicno retko, zbog zapustenosti entomoloske 
nauke. Zaro svako takvo novo de lo zasluzuje paznju . U 
ovom clelu su izneti rezultati o riginalnih nauenih istra­
ziva nja faune osolikih muva Obedske bare. Ova istra­
ziva nja SU realizovana 90-tih godina , na /i Jokalite la 
civoga poclrucja. 

Ovaj tekst je propracen sa ilustracijama . Za svaku vrstu 
je dat i dijagram koji prikazuje ucestalost nalacenja u 
pojedinim visinskim zonama (0 - 3000 m) Grcke. 

lJ pogJavJju 0 e koJogiji ob r;,idje na SU pita nja zivot­
nog ciklusa, p ronalazenja pre hrambene biljke, preda­
tora leptira , strategije prezivljava nja, reprodukcije, spe­
cificnosti prema stanistima, re tkosti, postanku i fonni ­
ranju fa une i aspektima njene zastite. Koliko fasci­
nantno izglecla bogatstvo· faune clnevnih leptira 
celokupne Grcke, to liko izne nacljuje siromastvo poje­
dinih regiona. Tako, jonska ost1va imaju samo '18 vrsta , 
Egejska ost1va 1 lli , Peloponez lli3 a Krit samo 45 vrsta . 
Ali , ve liki broj lokalnih e ndema je nekako ravnome rno 
rasporedjen na celoj te rito riji Grcke pa je zbir vrsta im­
presivan. U poglavlju o poreklu dnevnih leptira Grcke 
autor ovo bogatstvo nije do kraja razjas nio - verova tno 
to zahteva zasebnu biogeografs ku studiju . 

Na brojnim dijagramima i tablama autor je ciao 
mnostvo korisnih informacija koje znatno upotpunjuju 
bioloska znanja i sluze kao izvrstan osnov za nove stu­
dije. Dosledno i argume ntovano autor je di skutovao pi­
tanje ugrozenosti vrsta i ciao je vrlo kvalitetno uradjenu 
listu od 109 vrsta koje su defini sane kao ugrozene (E) , 
ranjive (V) i retke (R). Izbor vrsta je zaista izvrsen vrlo 
Strucno, prema SUStinskim krite rijumima ko ji SU bitni za 
izbor. Ovo istieemo je r ima primera da se i u naciona l­
nim faunama pojedinih zemalja za zastitLI predlafo cak 
i vrste kojih LIOpste nema LI fauni tih zemalja. Poglavlje 
sa citiranom lite raturom je pogresno oznaceno kao 
Bibliography, a treba da stoji Refe re nces, bucluCi cla su 
LI njemu naznaceni samo oni raclovi koje je auto r kori­
stio, a ne svi radovi o dnevnim leptirima Grcke . 

Sadrfa jno, vizue lno i stil ski ova knjiga predstavlja 
izuzetnu ce linu . Zalosna je Cinjenica da njenim pojavlji­
vanjemjugoslavija ostaje posleclnja zemlja Evrope koja 
ne ma publikovanu svoju nac io nalnu faunu ove grupe 
insekata. Uteha je cla maka r imamo uzor kako treba cla 
je uradimo. 

P. f ak::.yic 

Rezultati pokazuju da na p rosto ru Obedske bare 
koegzistira 87 vrsta osolikih muva . To nije nimalo za ne­
marljiv broj vrsta, obzirom na monotonost stanista u 
kojima dominiraju zajednice sume topo le i vrbe sa 
pratecim zajeclnica ma mocvarne i livadske vegetacije. 
Za utvrclje ne vrste su clat i uobicajeni podaci: la tinski 
naziv, rasprostranje nje (tip areala i rasprostra nje nje na 
Balkanskom po lL1ostrvu i u Srbiji) , nalazi na podrucju 
Obedske bare i ostala zapafanja. Jedna od utvrdjenih 
vrsta je opisana kao nova za nauku. Dijagnoza i opis sa 
p ratedm crtezima su potpuni ali novoopisana vrsta nije 
ime novana. Ova j slucaj bi smo mogli da tretiramo kao 
NOMEN OBLITUM. Verovatno je to uradjeno zbog na­
laza samo jeclnog primerka, muzjaka (koji predstavlja 
holo tip). Na kraju rada je data zoogeografska anali za i 
istaknL1ta je potreba zastite vrsta od znacaja za podrucje 
Obedske bare. 

Ukaza li bi smo ovde i na odrecljene necloslednosti 
u tekstu. Zapafa se odsustvo biogeografski va ljanog 



koncepta tretiranja areala. Autori su pcidatke o are­
alima utvrdjenih vrsta preuzeli od Peck-a 0988). 
Poznaro je da je u praksi tesko naCi dve vrste Ciji su are­
a li identieni. Tako su i ovde za 87 vrsta navedena 24 
tipa area la. Ocigledno je da nije primenjena biogeo­
grafski valjana koncepcija . Vecina utvrdjenih vrsta su, 
L1stvari , palearktickog rasirenja, kako to i sami autori 
konstatuju na 53 . strani, a medjLI njima dominiraju 
srednjoevropske i submediteranske vrste. To je odre­
djeno samim geografskim polo2ajem istrazenog po­
drucja i tipom vegetacije . Potpuno ista situacija je ranije 
utvrdjena i analizom faune dnevnih leptira Obedske 
bare (Rotschild, 1914; Tripkovic-Cubrilovic, 1960). 
Prilikom razmatranja biogeografskih odlika podrucja 

ZASTITA PRIRODE, Broj 48-49 (za 1995-97) 1998., Str. 
1-368. Zavod za zastitu prirode Srbije, Beograd. 

YU ISSN - 0514-5899 

Najnovija sveska ovog casopisa u celosti je 
posveeena prezentaciji, valorizacij i i zastiti geo-nasleua 
Srbije . Zavod za zastitu prirode Srbije se ukljuCio u Ev­
ropsku asocijaciju za zastitu geo-naslec1a (ProGEO). 
Rezultat toga ukljucenja i delovanja je organizacija 
naueno-struenog skupa o geo-naslec:tu Srbije (Novi 
Sad, 16-17. novembar 1995). Saopstenja izneta na tom 
skupLI prezentirana su u ovoj svesci casopisa. Prema te-

Grubac B., 1998. 

SURI ORAO - Aquila ch1ysaetos I GOLDEN EAGLE. 
Izdavac: Zavod za zastitu prirode Srbije., Beograd . 

ISBN 86-80877-01-8 

Od Pancieeve knjige "Ptice u Srbiji" (1867.) do 
knjige "Ptice Srbije sa kartama distribucija"]. Rasajskog 
0997) nifo se biseri srpske ornitoloske literature. Ova 
monografija predstavlja perlu na toj niski. Monografija 
je reprezentativna: formata 30 cm, 128 strana, puni 
kunstdruck stamparije "Efekt" iz Beocina. Izdanje je 
realizovano povodom pedeset godina rada Zavoda za 
zastitu prirode Srbije. Kolegi Grubacu je ovo druga 
monografija (p1va je bila "Bradan - Gypaetus barbatus, 
1990. g. ) koja ga uvodi u krug nasih najeminentnijih or­
nitologa. 

ll knjizi su sumirani rezultati dvadesetogodisnjeg 
istrazivanja ove ugrozene vrste koja je stavljena na 
Crvenu listu faune Sveta, Evrope i Srbije. Zapafanja na 
terenu, vezana za brojne aspekte ekologije ove vrste, 
sistematicno su prezentirana i stalno poreaena sa po­
dacima u domaeoj i inostranoj literaturi. Time je autor 
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Obedske bare autori su citirali radJankovica ( 1984), ali 
su propustili da citiraju starije i potpunije radove Cin­
covica (1956) o tipovima livada Posavine i Brozove 
0958) koja je p1va opisala vegetaciju Obedske bare . 
Najzad, poglavlje "La1veno razvice" na 51. strani je tre­
balo ukljuCiti u uvodnom tekstu na 8 - 9 strani , gde se 
govori o razvicu. 

Monografija ima 71 stranu teksta, od eega 61 
stranu cini osnovni tekst, na jednoj strani je Summary a 
ostatak cine Pregled literature i Registar taksona. 
Monografija je pL1blikovana u okviru proslave jubileja 
50-to godisnjice Zavoda za zastitu prirode Srbije. 

P. fakSic 

matici rasporec:tena su po sledeCim poglavljima: Ple­
narni referati ( 10 saopstenja), Geokonze1vacija - od in­
ventara do zastite (9 saopstenja), Vafoost geostruktura 
za kulturno-istorijske spomenike i antropogeni uticaj 
(8 saopstenja) i Geo-objekti izuzetnih vrednosti na teri­
toriji Srbije ( 18 saopstenja). Na kraju je i usvojeni te kst 
deklaracije nauenog skupa "Geo-nasleae Srbije". 

Kako je istaknuto u uvodnoj reCi urednika 
Casopisa prezentirani radovi precistavljaju p1vi korak LI 
akciji ocuvanja, urec:tenja i promocije geo-nasleaa 
Srbije . 

P. fakSic 

na jedan suptilan nacin popunjavao mozaik znanja o 
ovoj vrsti a poredenjem sopstvenih zapafanja sa lite­
raturnim podacima isticao osobenosti srpske (malo­
brojne) populacije surog orla. Detaljnim opisom 
stanista, ishrane, opsteg ponasanja, gnezdenja, kre­
tanja i odnosa coveka prema ovoj ptici autor je razot­
krio intimu ove vrste. To je bilo moguce samo velikim 
pohtvovanjem, cesto puta skopcanim i sa pitanjem 
liene bezbednosti . 

Ovim delom je jos jednom potvraeno da je za bio­
loge terenski rad najbolja laboratorija i da je jed­
nostavna kineska izreka "Poai do bora zelis Ii nauciti 
sta je to bor" .. . velika mudrost. Prilozene originalne fo­
tografije su svedocanstva presudnih momenata u zivo­
tu ove ptice a nastale su kao rezultat strplje nja i umeea. 
Preko 120 citiranih referenci ukazuje da je a utor sve­
strano proucio biologiju ove vrste. Najzad, ova knjiga 
svojim sadrfajem i tehnickim izgledorn preclstavlja 
meaas LI domafoj strucnoj literaturi je r bucJuce a L1tOre 
obavezuje na postignL1ti nivo, kolegu Grubaca takoc:te. 
Najzad, moramo uputiti pohvale i Zavodu za zastitu 
prirode Srbije koji je ovom knjigom i nizom drugih 
izdanja trajno obelezio jubilej na najbolji moguCi naCin. 

P. fakSic 



104 

Kifovic M.D., 1998. 

TURIZMOLOSKO EKOLOSK.I MOZAIK 

.Izdavac: Prirodno-matematicki fakultet u Pristini; 
Studentski kulturni centar u Pristini i "Ecologica" u 
Beogradu. Pristina. 

ISBN 86-82697-06-8 

Na 121 stranice teksta autor je sabrao raclove koji 
SU vec pubJikovani U brojnim domaCim casopisima i 
zbornicima, tekstove prigodnih predavanja koji do 
sada nisu publikovani, kao i recenzije, uvodne reci i 
prikaze strucnih geografskih izdanja. 

lJ ovome svojevrsnom zborniku - reprintu 
sakupljeno je 12 naucnih i strucnih raclova. Kroz njih 

DRUGI BALK.ANSK.I SIMPOZUUM RATARSK.IH 
KULTURA 

16 - 20 jun, Novi Sad, .Jugoslavija 

Razlog odrfavanja ovog Simpozijuma je prezenta­
cija najnovijih dostignuca i radova iz oblasti ratarsko­
povrtarske proizvodnje. Rad ovog Simpozijuma je 
podeljen u dve sekcije, i to: 

Genetika i selekcija, i 
Ekologija i fiziologija ratarskih kultura. 

Prezentacija radova na ovom Simpozijumu je po-
clrazumevala usmena (uvodna) izlaganja i izlaganja 
putem postera. 

Iz navedenih oblasti ukupno je bilo prezentovano 
264 rada, od toga 68 usmenim putem i kao uvodna izla­
ganja od strane najeminentnijih kako nasih tako i stra­
nih strucnjaka iz svojih oblasti. Iz oblasti genetike i se­
lekcije putem postera je bilo izlozeno 103 nauena rada 
dok je iz oblasti ekologije i fi ziologije bilja bilo izlozeno 
95 radova. 

provejava minuciozna autorova briga prema prirocli -
kako da se ona zastiti, unaprecli i uCini clostupnom 
coveku a cla ne bucle narusena. Objekat autorovog in­
teresa je severoistocna Crna Gora (Rofaje, Berane, An­
clrijevica, Plav). Dr Kicovic je vrsni poznavalac toga 
prostora i pisuci o njemu on pokazuje israncani smisao 
cla preko uocenog suptilnog cletalja israkne sustinske 
pojave i procese u prirodi. Posebno istice clestruktivne 
ljudske clelatnosti u prirodi. 

Prezentirani tekstovi imaju saznajnu vrednost i 
narocito znacajno didakticko znacenje. Knjiga ce kao 
takva biti ocl koristi stuclentima geografije i brojnim 
drugim korisnicima. Primedbu stavljamo na kartu Crne 
Gore sa zastarelim granicama iz perioda prethodne 
jugoslavije. 

P.Jaksic 

Na ovom simpozijumu ucesce SU uzeli i strani 
naucnici i to iz 15 zemalja sveta (Francuska, SAD, Ru­
munija, Bugarska, llkrajina, Republika Ceska, Kina , 
Makeclonija i cir.). 

Poljoprivredni i Prirodno-matematicki fakultet u 
Pristini bili su aktivni po pitanju ovog Simpozijuma. Sa 
Poljoprivrednog fakulteta prezentovana su 4 rada iz 
oblasti ratarstva i povrtarstva. Kao prvi autori raclovima 
su se predstavili prof. cir Raclomir Ognjanovic, prof. dr 
Zoran Ilic, mr Milan Biberdzic i mr Nebojsa GudziC. Sa 
Prirodno-matematickog fakulteta (fiziologija biljaka) 
ucesee SU uzeli prof. cir Mioclrag JablanoviC i doc. cir 
Raclmila Filipovic. 

Prated rad Simpozijuma moglo se zakljuciti eta su 
radovi bili savremeni i cla je obradjivana problematika 
o najnovijim aktuelnostima i dostignucima iz obbsri 
genetike, selekcije, ekologije i fiziologije ratarsko­
povrtarskih biljaka. 

Na kraju je zakljuceno cla se nastavi sa istraz1va­
njem, sa razmenom misljenja nasih i stranih naucnika, 
sa zeljom cla na narednom Simpozijumu bucle jos vise 
nauenih raclova iz navedene problematike. 

M. Biberclzic 



I KONGRES LEKARA PREVENTIVNE MEDICINE 
MAKEDONIJE SA MEDJUNARODNIM UCESCEM 

Ohrid, 6 - 10 oktobar 1998. 

Na Kongresu lekara preventivne medicine 
Makedonije pored domacih ucesnika prisutni SU bili i 
naueni radnici izjugoslavije, Bugarske, Ukrajine, Belo­
rusije ... 

Na Kongresu je usmeno i putem postera pred­
stavljeno 695 radova iz razliCitih oblasti, kao sto su: epi­
demioloski i socijalno-meclicinski aspekti malignih 
oboljenja, epiclemioloski i socijalno-meclicinski aspekti 
kardiovaskulamih i pulmoloskih bolesti , alimentarne 
intoksikacije i clrugi vidovi trovanja hranom - zdrav­
stvena ispravnost zivotnih namirnica, ishrana - clije-

VII KONG RES TOKSIKOLOGA JUGOSLA VIJE SA 
l\IIEDJUNARODNIM UCESCEM, 

lgalo, 21 - 24 septembar 1998. 

Ekspanzija novih hemijskih znanja, tehnika i in­
strumentalizacije postavila je pred toksikologe Citav 
spektar novih zadataka . Od njih se ocekuje da vladaju 
novim analitickim tehnikama kao i znatnim teoretskim 
znanjem iz srodnih oblasti, kako bi mogli kompetentno 
cla interpretiraju rezultate kvalitativne i kvantitativne 
analize . 

Oblast toksikologije je vrlo siroka i na samom 
Kongresu obradjivani su problemi iz analiticke toksiko­
logije sa 8 radova, toksikologije zivotne srecline sa 20 
raclova, eksperimentalne toksikologije sa 67 radova, 
roksikologije i obrazovanja sa 2 rada, klinicke toksiko­
logije sa 57 raclova, problemi iz oblasti zakonske regu-
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roterapija , zdravstveno-ekoloski rizici u urbanim i rad­
nim uslovima, edukacija u sistemu zdravstvene zastite, 
zdravstveno-informativni sistem, primarna zdravstvena 
zastita i reforme u zdravstvenom sistemu, primarna 
zdravstvena zastita kocl nekih specificnih grupa 
stanovnika, zivotna sredina i zclravlje ljudi, za:razne 
bolesti kao epidemioloski problem, zoonoze, vakcina­
cija, mikrobiologija ; zclravstveno-ekoloski aspekti 
vode i voclosnabclevanje, epiclemioloski i socijalno­
meclicinski aspekti nezaraznih bolesti i clrugo naru-
5avanje zclravlja . 

Sa Univerziteta u PriStini prisutne su bile kolege sa 
Priroclno-matematickog fakulteta i sa Poljoprivreclnog 
fakulteta, kao i naucni radnici iz Zavoda za zastitu 
zdravlja . 

Z. Ilic 

lative sa 5 radova, profesionalne toksikologije sa 78 ra­
dova, radiotoksikologije sa 7 radova, veterinarske tok­
sikologije sa 5 radova i forenzicke toksikologije sa 11 
radova, sto ukupno Cini 260 radova. 

Pored ucesnika iz nase zemlje prisutni SU bili i tok­
sikolozi iz Svedske, Rusije, Bugarske, Makedonije, 
Gruzije, Turske, Kanade, Grcke ... 

UC'esnici iz nase zemlje iz Beograda, Novog Sada, 
NiSa, Leskovca, Pristine, Podgorice, sa razliCitih 
naucnih ustanova prezentovali su najnovija naucna 
clostignuca iz razlicitih oblasti toksikologije . 

Sa Univerziteta u Pristini raclove su prezentovali 
kolege sa Meclicinskog fakulteta (BascareviC S. , Bursae 
M., Mitic R., BaljoseviC 1.), Poljoprivrednog fakulteta 
<Ilic Z., Dikic A.) i Priroclno-matematickog fakulteta 
(Filipovic-TrajkoviC R.). 

z. !lie 
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