
INTRODUCTION

It is well known that benthic macroinvertebrates are 
the best studied community of running waters. The 
Jadro River is �art of the Dinaric karst�� which occu�River is �art of the Dinaric karst�� which occu� is �art of the Dinaric karst�� which occu�
�ies almost 50% of Croatia�s territory ��ig. ���. It�s territory ��ig. ���. It territory ��ig. ���. It 
consists of four �aleo�dynamic and �aleo�structural 
belts. The area in which Jadro River lies in a regionRiver lies in a region lies in a region 
of carbonate landforms and karst �henomena along 
the �driatic Coast. The area includes carbonate land�
forms of Mesozoic and later age �K u h t a �� 2002�. 
The Jadro was chosen for investigation because it 
has a ty�ical Mediterranean hydrological regime and 
is a very im�ortant karst river that has su��lied the 
the city of S�lit with drinking water from Roman 
times to the �resent day. The s�ruce of the Jadro is 
located at an elevation of 30 meters above sea level. 
Total length of the Jadro is 4.5 km. It discharges into 
Kaštela Bay of the �driatic Sea. The river�s catchment 
area is a��roximately 260 km2 and is �art of water�
shed of the Cetina River ��ig. �B�. �hysicochemicalRiver ��ig. �B�. �hysicochemical ��ig. �B�. �hysicochemical 
characteristics of the Jadro have been studied by 
Š t a m b u k � G i l j a n o v i ć  ��994�� �999�� 2002�� 
2005�. The u��er �arts have �reserved the river�s 
natural characteristics�� but the lower �arts are �ol�
luted by the im�act of human activities such as agri�
culture and by various wastewaters �Š t a m b u k �
G i l j a n o v i ć �� 2002�� 2005�. The range between 

minimum and maximum discharge is from 2 m3/s 
�July �995� to �00 m3/s �December�� 2002�. Studies 
have also been carried out on the Jadro�s �hytob�
enthos �V u k o v i ć �� �98�� and macrozoobenthos 
�R a đ a �� 2002�� 2006�. �ive sam�ling sites situated 
u�stream�� in midcourse�� and downstream were 
examined. U�stream sites are subject to the direct 
influence of groundwaters�� es�ecially during the 
winter and s�ring seasons. Midcourse sites are �ol�
luted as a result of agriculture and by urban and 
industrial sources of �ollution�� as are downstream 
sites. Downstream sites are also under considerable 
influence of seawater�� es�ecially during summer. 
The aim of this �a�er is to �resent collected data 
on the community com�osition and diversity of 
macroinvertebrates�� as well as differences between 
se�arate sectors of the river.

M�TERI�L �ND METHODS

Sampling of macroinvertebrates 

One sam�le of benthic macroinvertebrates was 
taken at each station four times �er year from �994 
to 2004 �total of 600 sam�les� using a standard �ond sam�les� using a standard �ond� using a standard �ond using a standard �ond a standard �ond 
net �mesh size 900 �m�. ��e fauna attached to stone size 900 �m�. ��e fauna attached to stone 900 �m�. ��e fauna attached to stone 
surfaces was collected by means of tweezers and�� 
if necessary�� scra�ed with a fine brush ��lanarians�� 
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gastro�ods�� leeches�. ��e sam�les were �laced in 
�lastic bottles and �reserved in 95% ethanol. ��ey 
were sorted and identified to the lowest �ossible 
taxonomic level in the laboratory using a Leica MZ 
7.5 stereozoom microsco�e ��0x�0 and �0x40� and 
manuals for identification �B e r n a s c o n i �� �986�� 
�990; B o l e �� �97�; C a m � a i o l i  et al.�� �994�� 
�999; C h i n e r y �� �984; D a n i e l o � o l  and 
M a r m o n i e r �� �994; D i e r l �� �988; G i r o d  
et al.��  �980; G i u s t i  and � e z z o l i �� �980; 
G o u r b a u l t �� �994; G r a f �� �974; H a r d e �� 
�999; K a r a m a n  and S k e t �� �989; R a d o m a n �� 
�973���983; S a n s o n i �� �998; S c h ü t t �� �975; 
S k e t �� �965�� �969�� �988�� �994�. Oligochaetes were 
identified by �rof. Eva Dumnicka�� am�hi�ods by 
�rof. Boris Sket�� and  hydrobiid snails by Tonći 
Rađa.

The study included qualitative and quantitative 
analysis of the benthic community. S�ecies diver�
sity was calculated using the number of observed 
taxa�� Sim�son's index�� the Shannon�Weiner index�� 
the �ielou index�� and Margalef 's index �K r e b s �� 
�989��� and community abundance was analyzed to 

illustrate the distribution of invertebrates along the 
river. Gra�hics were made using �rimer 5.0 software 
�C l a r k e  and W a r w i c k �� 200��. Quantitative 
sam�les were considered as the mean �ercentage 
of grou�s in sam�les. Data were calculated by the 
most frequently used clustering strategy�� namely the 
unweighted �air�grou� method using arithmetic 
averages �U�GM���� Euclidean distance being taken 
as the correlation coefficient �K r e b s �� �989�. The 
relationshi� between macroinvertebrate taxa and 
�hysicochemical �arameters on the one hand and 
sam�ling sites �er year and season on the other was 
analyzed by multivariate techniques such as �rin�
ci�al com�onents analysis ��C��. Gra�hics were 
made using Statistica 7.� software. The com�lete 
material is de�osited in the invertebrate collection 
of the De�artment of Biology of S�lit University�s 
Science �aculty. Estimation of sa�robity was �er�
formed by sa�robiological analysis according to 
� a n t l e  and B u c k  ��955�.

Physicochemical parameters

Several �hysicochemical �arameters �tem�era�
ture�� dissolved oxygen�� dissolved CO2�� alkalinity�� 

Fig. 1.  �� Sim�lified general tectonic ma� of the Croatian �art of the Dinarides with the distribution of karst; B� ��e catchment area 
of the River Jadro.
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hardness�� �H and substrates� were measured at each 
station four times �er year from �994 to 2004 �total of 
600 measurements�. Surface water was sam�led in ��
L �oly�ro�ylene sam�ling bottles for determination 
of some �hysicochemical �arameters. Tem�erature�� 
dissolved oxygen�� dissolved CO2�� alkalinity and �H 
were measured using a digital meter �Handylab�� 
Schött� with the a��ro�riate �robes according to 
��H� ��995� and hardness in German degrees 
�d°H� was determined as the �roduct of alkalin�
ity �mg CaCO3/l� times a factor of 2.8. Substrates 
were estimated at the Institute of Oceanogra�hy 
and �isheries in S�lit and the �ercentage of �articles 
was determined using a modified version of the 
Wentworth scale according to B o g n e r  ��996�.

RESULTS

Macroinvertebrate community structure

� total of 43 macroinvertebrate taxa were found 
during the investigation. The highest taxon richness 
was observed among insects �Insecta��� es�ecial�
ly mayflies �E�hemero�tera��� snails �Gastro�oda��� 
with eight and seven s�ecies�� res�ectively. Other 
invertebrate grou�s were less diverse. The number 
of taxa observed at each sam�ling site area varied 
between 33 and 43 �Table ��. Seasonal analysis of the 
macroinvertebrate community  showed that snails 
have equal abundance from season to season �50 
� 68%�. Differences were determined for am�hi�ods 
and insects�� whose numbers increase during s�ring 
and summer ��2 � 26%� in com�arison with autumn 
and winter abundance �6 � �2%� ��ig. 2��C�.

1. Upstream sites

�ourteen grou�s of macroinvertebrates were iso�
lated from u�stream sam�les �Table ��. Gastro�ods 
were the dominant grou� in terms of mean relative 
abundance in all seasons �50 � 68%�. In second 
�lace were am�hi�ods�� whose numbers increased 
from 6 � �2% �autumn and winter� to 26% �s�ring 
and summer�. The dominant insects were may�
flies �E�hemero�tera� and true flies �Di�tera�. The 
most frequent s�ecies was Gammarus balcanicus 
��m�hi�oda�. Relations between the number of 
individuals in macroinvertebrate grou�s by seasons 

are shown in �ig. 2�. 

2. Midcourse sites

Thirteen macroinvertebrate grou�s were iden�
tified from midcourse sam�les �Table ��. �mong 
them were two grou�s lacking in u�stream sam�les: 
ostracods and worms. These sam�les contained no 
stoneflies ��leco�tera�. Gastro�ods were still the 
dominant grou�. �m�hi�ods and insects increased 
in number during s�ring and summer ��ig. 2B�.

3. Downstream sites

Twelve grou�s of macroinvertebrates were iden�
tified from downstream sites �Table ��. The macroin�
vertebrate community differs from those observed 
u�stream and midcourse sites. Under considerable 
marine influence�� there were �olychaetes in sam�
�les. Gastro�ods were �resent in smaller number 
than at u�stream and midcourse sites�� but they were 
numerous in autumn and winter�� when the influ�
ence of fresh water is very strong. During s�ring 
and summer the influence of sea water is dominant 
and brakish individuals occur �redominantly at sites 
near the estuary ��ig. 2C�. 

�nalysis of sam�ling sites and taxa obtained 
using unweighted �airs of grou� ��ig. 2D� shows 
that downstream sam�ling sites exhibit greater dis�
tance than u�stream and midcourse sites�� the main 
factor for such distance being influence of the sea 
on downstream sites. There is also greater dis�
tance between u�stream and downstream sites than 
between u�stream and midcourse sites because 
the influence of underground waters in addition 
to �hysicochemical �arameters defines commu�
nity structure at u�stream sites. Dissimilarity indices 
indicate that s�ecies diversity is more ex�ressed in 
u�stream and downstream �arts of the river. In the 
investigated �eriod�� s�ecies diversity at u�stream 
sites increased during �994��998. and �999–2002 
��ig. 3��C�. In the midcourse �art of the river�� 
decreased values of all indices were detected during 
2002�� which was the result of an ecological incident 
�motor oil flowed into the river from a local factory� 
��ig. 3B�. The indices at downstream sites showed 
unequal values ��ig. 3C�. Values of Sorensen�s index 
were as follows: 85��70% between u�stream and 
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Table 1. Composition of the benthic fauna of the karst Jadro River  (+ - presence, 0 - absence).

taXa UPstreaM sites MidcoUrse sites doWnstreaM sites
TURBELL�RI� Polycelis felina + + 0

Dugesia gonocephala + + +
OLIGOCH�ET��NEM�TOD� Nematoda 0 + +

Limnodrilus s�. 0 + 0
Nais s�. 0 0 +
Tubifex s�. 0 0 +

OLIGOCH�ET���NNELID� Eiseniella tetraedra + 0 0
Lumbricus rubellus 0 + 0

OLIGOCH�ET��HIRUDINE� Erpobdella octoculata + + 0
Glossiphonia complanata + + +
Helobdella stagnalis 0 + 0

G�STRO�OD� Adriohydrobia kutschigi + + 0
Ancylus fluviatilis + + 0
Emmericia patula + + 0
Lymnea stagnalis + + +
Oxyloma elegans + + 0
Physa fontinalis + + +
Theodoxus fluviatilis + + 0

BIV�LVI� Pisidium s�. + + +
Sphaerium s�. + + +

CRUST�CE� Asellus aquaticus + + 0
Gammarus balcanicus + + +

OSTR�COD� Cypris s�. 0 + 0
�C�RIN� Hygrobates s�. + 0 0

Neumania apinipes + 0 0
E�HEMERO�TER� Baetis rhodani + + 0

Centroptilum luteolum + + +
Cloeon simile + + +
Ecdyonurus s�. + 0 0
Ephemera danica + + +
Ephemerella s�. + + +
Heptagenia sulphurea + + 0
Rhithrogena s�. + + +

�LECO�TER� Capnia s�. + 0 0
Chloroperla s�. + 0 0
Perla bipunctata + 0 0

ODON�T� Anax imperator + + 0
Calopterix virgo + + +
Cordulegaster boltoni + + +
Rhynosoma s�. + + 0

TRICHO�TER� Agapetus s�. + + +
Glossosoma boltoni + + +
Hydropsyche s�. + + +
Limnephilus s�. + + +
Odontocerum albicorne + + 0
Polycentropus flavomaculatus + + +

COLEO�TER� Elmis s�. + + +
DI�TER� Ablabesmyia s�. + + 0

Dixa s�. + + 0
Chironomus s�. + + +
Simulium s�. 0 + 0
Tanypus s�. 0 + 0

�OLYCH�ET� Heteronereis s�. 0 0 +
No. of taxa 43 41 33
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Fig. 2.  A) The structure of macroinvertebrate community on upstream sites from 1994 to  2004. B) The structure of macroinverte-
brate community on middlestream sites from 1994 to 2004. C) The structure of macroinvertebrate community on downstream sites 
from 1994 to 2004. D) Similarity between areas according community structure and physicochemical parameters through seasons.

Fig. 3. Disimilarity indices for research period 
(d=Margalef ’s index, J’=Pielou index, H’=Shannon-
Weaver index, 1-λ=Simpson’s index). a) upstream area; 
b) middlestream area; c) downstream area.
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Fig. 4.  Physicochemical parameters on sampling sites. a) air temperature; b) water temperature; c) the annual mean values of carbon 
dioxide and its relationship with dissolved oxygen through seasons - upstream sites; d) the annual mean values of carbon dioxide 
and its relationship with dissolved oxygen through seasons - middlestream sites; e) the annual mean values of carbon dioxide and its 
relationship with dissolved oxygen through seasons - downstream sites.

midcourse sites�� 70��27% between midcourse and 
downstream sites�� and 55��26% between u�stream 
and downstream sites �Table 2�.

Physicochemical parameters

The bottom substrate at u�stream stations con�
sists mainly of coarse material �cobbles�� �ebbles�� and 
gravel�. Substrate coarseness declines downstream 
�Table 3�. The mean annual water tem�erature var�
ied from �0.6 °C �u�stream sites during the winter 
season� to 22.0 °C �downstream sites during the 
summer season�. It follows seasonal changes in 
air tem�erature�� but with slow warming and cool�
ing ��ig. 4��. Mean annual air tem�eratures show 
characteristics of a dry Mediterranean climate. The 
measured values from �994 to 2004 varied from 
8.6 °C �winter� to 28.0 °C �summer�. S�ring and 
autumn values are mainly equal because there are 
no great differences between those two seasons in 
the Mediterranean area�� including Middle Dalmatia 
��ig. 4B�. The mean annual values of dissolved oxy�

gen at u�stream sites varied from 4.0 mg/L �winter� 
to �2.5 mg/L �s�ring�. The saturation of dissolved 
oxygen ranged from 36 to ��5%. Low levels of 
dissolved oxygen at u�stream sites are a result of 
strong influence of groundwaters�� es�ecially during 
winter. S�ring values show su�ersaturation because 
of �hotosynthesis and rich macro�hyte vegetation 
��ig. 4C�. The mean annual values at midcourse 
sites varied from 6.8 mg/L �winter� to �4.7 mg/L 
�s�ring�. Because the distance from u�stream to 
midcourse sites is short �� km��� the influence of 
groundwater is still �resent and the saturation of 
6�% during winter shows a deficit of dissolved 
oxygen ��ig. 4D�. Downstream sites mean annual 
values of dissolved oxygen ranging from 3.� mg/L 
�winter� to 7.5 mg/L �s�ring�. � deficit of dissolved 
oxygen �33 to 72%� was �resent in each season and 
is a result of increased urbanization and strong 
influence of sea water. Higher mean annual values 
of carbon dioxide were measured during the winter 
season at u�stream ���.8 mg/L� and midcourse �9.5 
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mg/L� sites. �t downstream sites�� the values of car�
bon dioxide are higher than oxygen in each season 
�7.4 mg/L – 23.79 mg/L� as a result of heavy organic 
�ollution caused by human activities and the influ�
ence of sea water from Kaštela Bay. �n extremely 
high value �23.7 mg/L� was measured in summer 

�due to high water tem�erature�� reduced flow�� and 
low velocity�. The values of carbon dioxide run 
counter to dissolved oxygen values. The relationshi� 
between those two �arameters is shown in �ig. 4E. 
�lkalinity values show a bicarbonate character of the 
water. The mean annual values varied from �50 mg 

Fig. 5. Other measured physicochemical parameters. A) hardness; B) alkalinity; C) pH; D) PCA of seven physicochemical metrics 
and substrate type from 15 sites for  each season during the period of 1994 to 2004.

S�M�LING SITES c a b QS

u�stream � midcourse 36 43 4� 85.70%

midcourse � downstream 26 4� 33 70.27%

u�stream � downstream 2� 43 33 55.26%

Table 2.  Sørensen’s index (QS – Sørensen’s index, c – number 
of common species   in two samples, a- total number of species 
in first sample, b- total number of species in second sample).

grain size �mm� u�stream 
�%�

midcourse
�%�

downstream
�%�

�ebble

cobble 
�64�256� �4 3.5

coarse 
gravel
�4�64�

85 93.5 70.5

very fine 
gravel 
�2�4�

�.5 �.5 7.5

Sand �2�0.063� 0.5 �.5 22

Table 3. Granulometric analysis of sampling sites on investi-
gated karst river.
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of CaCO3 /L �u�stream sites� to 255 mg of CaCO3/L 
�midcourse and downstream sites�. �H values were 
in the range of 6.8 to 7.8 �H units ��ig. 5��C�. �C� 
analysis confirms that �hysicochemical �arameters 
de�end on the season and are mostly uniform at the 
investigated sam�ling sites. Downstream sites in the 
�C� and �C2 axes describe almost �00% of data var�
iability. Downstream sites are in the negative range 
of �C� because of the quite different �hysicochemi�
cal �arameters there as a result of the influence of 
sea water. In the middle of the ordinary diagram are 
the midcourse sam�ling sites�� which show equal dis�
tance from u�stream and downstream sites because 
of the different values of air and water tem�erature�� 
as well as of dissolved oxygen and carbon dioxide. 
The u�stream sites are situated on the �ositive side 
of the ordinary diagram because they are less differ�
ent from the midcourse sites�� but very different from 
the downstream sites owing to the direct influence 
of underground waters ��ig. 5D�.

DISCUSSION

During the ten years of investigation�� 43 mac�
roinvertebrate taxa were observed. Some taxa were 
not identified to s�ecies level�� so it could be su��
�osed that the total number of taxa is certainly 
higher. Mollusks�� am�hi�ods�� and insects were the 
�rinci�al com�onents of the community with regard 
to the number of identified s�ecies�� frequency of 
occurrence�� and relative abundance. The observed 
community structure was what could be ex�ected of 
this watercourse ty�e and is quite different from that 
in continental rivers of Croatia�� where chironomids 
and oligochaetes are the �rinci�al com�onents. 
Because karst rivers are unique habitats in Euro�e�� 
there are not many similar rivers to com�are with. 
Investigations of the macroinvertebrate community 
in other karst rivers of Croatia show a community 
structure similar to that in the Jadro River�� but karst 
rivers under the influence of a continental climate 
regime have some different taxa and different sea�
sonal abundance of common taxa �M i h a l j e v i ć 
et al.�� �998; H a b d i j a  et al.�� 2003; R a d a n o v i ć 
et al.�� 2006�. �revious investigations of the Jadro 
River determine yielded a smaller number of taxa�� 
but values of the abundance of mollusks�� am�hi�

�ods�� and insects were similar to those obtained in 
this investigation �� � o s t o l s k a �� �988;�� � o s t o l s k a �� �988; 
K e r o v e c�� �996; R a đ a�� 2002�� 2006; V u k o v i ć �� 
�98��. It has been determined that the regular 
dynamics of �hysicochemical �arameters greatly 
influences the structure and abundance of the 
macrozoobenthic community along the river course 
�B o y l e  and � r a i l e i g h �� 2003; C l a r k e  et al.�� 
2002; � l a n a g a n  and T o n e r �� �972; 
� l e i t u c h �� 2003; M o s s  et al.�� �987; N e d e a u 
et al.�� 2003; N e u m a n n  et al.�� 2003�� 2003a; 
R o s e n b e r g  and R e s h �� �993�. It has also been 
established that structure and abundance �er sam�le 
change seasonally and in de�endence on the 
sam�ling site �u�stream�� midcourse and downstream� 
�� l e i t u c h ��  2003�. The most numerous form 
were snails �Gastro�oda��� followed by am�hi�ods 
and insects. Such a �ro�ortion was determined in all 
years of sam�ling. In the case of am�hi�ods and 
insects�� a considerable increase in abundance was 
observed during s�ring and summer�� as was also 
re�orted in �revious investigations �� � o s t o l s k a �� 
�988; K e r o v e c �� �996; R a đ a �� 2002�� 2006; 
V u k o v i ć �� �98��. Adriohydrobia kutschigi�� 
Emmericia patula and Oxyloma elegans are endemic 
s�ecies �rotected by the Law on Nature �rotection 
of the Re�ublic of Croatia. Ancylus fluviatilis�� Physa 
fontinalis, and Theodoxus fluviatilis are the most 
common Central Euro�ean s�ecies in continental 
waters. The abundance of snails is seasonally 
uniform�� and �o�ulations are most abundant in 
midcourse region. Such uniform abundance is a 
result of stable �hysicochemical conditions 
throughout the year. Qualitative sam�les from the 
Žrnovnica River which is hydrologically connected 
by an underground stream with the Jadro River 
�B o n a c c i �� �978�� �989�� �998��� showed no 
differences of either grou�s or macrozoobenthic 
s�ecies. The mean value of flatworm abundance wasThe mean value of flatworm abundance was 
647 s�ecimens at u�stream sites during the investi�
gated �eriod of ten years which is 8��58% of the total 
number of s�ecimens in the sam�le and is in accord�
ance with the above mentioned data. The same s�e�
cies were isolated from midcourse sites�� where the 
abundance was only 92 s�ecimens in the total sam�
�le. The reason for such reduction lies in the change 
of habitat conditions�� e. g.�� lower values of dissolved 
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oxygen and higher water tem�erature�� both being 
limiting conditions for the mentioned s�ecies. 
Oligochaeta grou� at u�stream sites is re�resented  
by the s�ecies Eiseniella tetraedra �Lumbricidae� 
with a total number of 352�� which re�resents 4.67%. 
The Jadro River is known to be a habitat of the men�
tioned s�ecies�� which is widely distributed through�
out the entire territory of former Yugoslavia 
�M r š i ć �� �99��� �99�a�. �t midcourse and down�
stream sites�� the Oligochaeta grou� was re�resented 
by roundworms �Nematoda�. �t downstream sites�� 
the dominant s�ecies were Nais barbata �Naididae� 
and Tubifex tubifex �Tubificidae�. �bundance of the 
mentioned s�ecies increases downstream �arallel 
with organic �ollution to 5.97% �nematodes� and 
�2.98% �other oligochaetes�. Leeches �Hirudinea�Leeches �Hirudinea� 
are re�resented at u�stream sites in a lower �ercentage  
�3.65%� in relation to other oligochaetes. There were 
two s�ecies in the sam�le: Erpobdella octoculata and 
Glossiphonia complanata. Helobdella stagnalis was 
isolated in the midcourse region and Glossiphonia 
complanata at downstream sites. �bundance of the 
mentioned s�ecies in the whole sam�le was �.90% 
�midcourse� and 3.49% �downstream�. The indicated 
taxa a��ear individually and are evenly distributed 
along the river. One family of bivalves was also iso�One family of bivalves was also iso�
lated�� the family S�haeriidae being re�resented by 
two genera: Pisidium and Sphaerium. S�ecies of both 
genera are widely distributed and a��ear most fre�
quently on fine substrates such as fine gravel or 
sand�� the same grain size as in the Jadro River. It has 
been demonstrated that the biodiversity of Pisidium 
is maximal on substrates with grain size of 0���8 mm 
�B u r c h �� �975�. �t u�stream sites �with �ebble 
and cobble substrates there were only 24 s�ecimens. 
Midcourse sam�les yielded a total of 3�6 s�ecimens 
and downstream sam�les 356 s�ecimens. The 
increasing number is a result of granulometric com�
�osition. Crustaceans were re�resented by am�hi�
�ods (�m�hi�oda��� iso�ods �Iso�oda��� and ostra�
cods �Ostracoda�. With res�ect to abundance�� iso�
�ods are the second grou� in the whole quality 
sam�le. This investigation confirms that their abun�
dance changes seasonally�� the greatest number of 
s�ecimens a��earing during s�ring�� in summer and 
at the beginning of autumn. It was also established 
that their greatest abundance occurs u�stream�� 

where their �resence in the whole sam�le was 
�0.64%. The abundance of iso�ods and am�hi�ods 
is reduced downstream�� as a result of changed eco�
logical conditions. � so�called �o�ulation boom 
�� e n n a k �� �989� was observed at u�stream sites 
in �994�� when the total number of s�ecimens in one 
sam�ling was �450 �er m2. Water mites ��carina� 
were determined only at u�stream sites and were 
re�resented by the s�ecies Neumania apinipes. �t 
midcourse and downstream sites�� the �resence of  
this grou� was not established. Six grou�s of insects 
were determined in the Jadro River: mayflies 
�E�hemero�tera��� stone flies ��leco�tera��� dragon�
flies �Odonata��� caddis flies �Tricho�tera��� riffle 
beetles �Coleo�tera��� and true flies �Di�tera�. 
Mayflies �E�hemero�tera� are re�resented by eight 
different s�ecies. The s�ecies Baëtis rhodani and 
Heptagenia sulphurea were not isolated from down�
stream sam�les. V u k o v i ć  ��98�� determined 
eleven different s�ecies�� some of which are common 
in Euro�ean fresh waters. The abundance of stone 
flies ��leco�tera� is the lowest within the insect 
grou� �3.03%�. They were isolated only from 
u�stream sam�les because they develo� only in cold�� 
clear water and are evidently sensitive to low oxygen 
concentration and organic �ollution. S i m i ć  and 
S i m i ć  ��999� indicate in their investigations that 
all �leco�tera s�ecies were found in clear s�ring 
waters and u�stream regions of ex�lored rivers. D i 
G i o v a n n i  et al. �2003� confirmed the �resence 
of �leco�tera in the Chiascio River in Italy. The 
same dragonfly s�ecies are confirmed by � s k e w 
��988� in his list of Odonata for Euro�e. Tricho�terans 
were isolated from all sam�les. There were six differ�
ent s�ecies. The abundance of this grou� ranged 
from 4.93% �u�stream� through �72% �midcourse� 
to 2.74% �downstream�. In determination of the 
Jadro�s biological minimum �K e r o v e c �� �996� 
based on macroinvertebrate com�osition�� �3 differ�
ent tricho�teran s�ecies were recorded�� three of 
which are endemic �Rhyacophila balcanica�� 
Hydropsicha dinarica, and Tinodes baueri). �quatic 
beetles �Coleo�tera� are re�resented by the genus 
Elmis, which is one of the most frequent freshwater 
coleo�teran s�ecies �G i l l e  r and M a l m q u i s t �� 
�998; C a m � a i o l i  et al.�� �994�� �999�. The true 
flies �Di�tera� are re�resented by five s�ecies belong�
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ing three genera: Ablabesmyia�� Chironomus and 
Tanypus. �ll of them are from the family of 
Chironomidae�� which is the most abundant grou� of 
true flies in continental rivers �M i h a l j e v i ć  et 
al.�� 2000�. �or com�arison of structure of the macro�
zoobenthic community�� we used the Sørensen�s�� 
Shannon's�� Sim�son's�� �ielouo's�� and Margalef 's 
similarity indices. Sørensen's similarity index con�
firmed great similarity �85.70%� between u�stream 
and midcourse sites�� somewhat smaller similarity 
�70.27%� between midcourse and downstream sites�� 
and the smallest similarity �55.26%� between 
u�stream and downstream sites. This relationshi� 
also coincides with the results of �C� analysis and 
cluster analysis of �hysicochemical �arameters�� so it 
can be �resumed that the macrozoobenthic com�
munity of the Jadro River is a result of established 
regularity of all measured �arameters. �rom all that 
has been said above�� it can be concluded that river�s 
ecosystem is stable in both the �hysicochemical and 
the biological sense. The determined changes are 
more a result of short�term influence of under�
ground waters�� climatic circumstances�� and sea 
water downstream than a sign of stronger distur�
bance of natural balance.
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РАЗновРсност мАкРоинвеРтебРАтА у
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у овом раду приказани су резултати десето�
годишњих истраживања акватичне фауне макро�
инвертебрата у крашком водотоку � реци Јадро. 
Макроинвертебрати бентоса су прикупљани дуж 
овог тока на �5 локалитета стандардним методама�� 
уз анализу неколико физичко�хемијских параме�
тара. на основу квалитативног и квантитативног 

састава фауне макроинвертебрата�� одговарајућом 
анализом речни ток је диференциран у три сек�
тора: узводни�� средишни и низводни. укупно је 
утврђено 43 таксона. резултати сапробиолошке 
анализе�� засноване на студији макрозобентоса�� 
доказују да вода реке Јадро припада првој и другој 
класи квалитета.


