
Assessment of the water quality of aquatic resources using biological methods

Z. Dulic’a,*, V. Poleksic’a, B. Raškovic’a, N. Lakic’a, Z. Markovic’a, I. Živic’b, M. Stankovic’a

aUniversity of Belgrade, Faculty of Agriculture, Department of Animal Science, Nemanjina 6, 11080 Belgrade, Serbia
Tel. +381 113168499; Fax. +381 113168499; email: zorkad@agrif.bg.ac.rs
bUniversity of Belgrade, Faculty of Biology, Department of Animal Morphology, Sistematics and Phylogeny, 
Studentski trg 16, 11000 Beograd, Serbia

Received 28 January 2009; Accepted 24 August 2009

A B S T R AC T

Assessment of water quality at Radmilovac estate near Belgrade that is used for irrigation of 
cultures and as a water supply for experimental fi sh farm and hatchery was performed by using 
aquatic invertebrates (zooplankton and macrozoobenthos) and fi sh gill histology as bioindica-
tors. Two open wells and a stream were monitored during a three year investigation. A total 
of 25 and 31 species of zooplankton were found in open wells and 11 and 12 taxa of macro-
zoobenthos at two sites of stream Šugavac. The saprobity index (S) was used to evaluate the 
water quality of these four sites. Statistical analysis showed that site S2 was the most polluted, 
with Oligochaeta and Chironomidae larvae dominating. Overall, β mesosaprobic organisms 
have been prevailing at all four sites indicating that the water was polluted at moderate levels. 
All analyzed fi sh gills showed predominantly normal structure. Identifi ed histopathological 
changes of gill structure indicated mild and reparable alterations. The results obtained imply 
that these water resources can be used as a supply for carp fi sh farm. We suggest that the type 
of biological water assessment depends on waterbodies characteristics.

Keywords:  Water quality; Bioindicators; Zooplankton; Macrozoobenthos; Saprobity index; 
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1. Introduction

In order to provide a complete array of  information 
for the assessment of water quality, the best way is to 
compile a range of different physical, chemical and 
biological parameters [1,2]. However, such studies are 
usually time and money consuming. Using biological 
parameters together with physical and chemical infor-
mation to assist in interpretation [3] can be reliably and 
relatively inexpensive compared to the cost of assess-
ing different pollutants [2]. Biological methods are now 
extensively integrated into water quality monitoring 
programs worldwide. The advantage of monitoring 
with the use of bioindicators is that biological commu-
nities refl ect overall ecological quality and integrate the 

effects of different stressors providing a broad measure 
of their impact and an ecological measurement of fl uctu-
ating environmental conditions.

A variety of aquatic organisms that are valuable indi-
cators can be used for assessing water quality through 
analysis of their diversity, composition and abundance 
[4–10]. Change in characteristics of these biological com-
munities can be assessed using the saprobity system 
[4,11–13]. This system uses the degree of organic pol-
lution of an ecosystem as one of the main factor of water 
quality [11,14]. In general, there are four saprobity zones: 
polysaprobic—extremely polluted, alpha-mesosaprobic—
heavy polluted, beta-mesosaprobic—moderately  polluted, 
and oligosaprobic—slightly polluted. Each zone has 
optimal conditions for certain species and communi-
ties of organisms [14]. Zooplankton are small and rap-
idly reproducing organisms that respond quickly to *Corresponding author.
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 environmental changes and may be effective indicators 
of subtle alterations in water quality [7,16–19]. Local 
differences in zooplankton community presence do not 
generally result from dispersal limitation since most 
species have a wide geographic distribution [20,21]. 
Macrozoobenthos is the most commonly used group of 
invertebrates for the assessment of running waters [22] 
since they are highly sensitive to environmental changes 
[23,24]. They are fairly sedentary organisms with a rel-
atively long life span and in close association with the 
sediment conditions. These characteristics favor them as 
useful bioindicator organisms [25,26].

Additionally, fi sh gills are also used as bioindicators, 
because they are highly susceptible to the changes in 
water quality due to their specifi c anatomy, in particu-
lar their large surface area that is in permanent contact 
with the water environment as well as the vital biologi-
cal functions they perform (respiration, excretion, osmo-
regulation). The histopathological changes of gill tissue 
correspond to the intensity of pollution [27–29].

An investigation of the quality of aquatic resources at 
the Faculty of Agriculture School Estate “Radmilovac” 
near Belgrade was carried out using bioindicator organ-
isms in order to assess water quality and possibilities of 
its usage for both carp farm and hatchery water supply 
and irrigation. Water quality of different waterbodies—
different aquatic ecosystems: running water—small 
stream Šugavac and two open wells have been assessed. 
These are main aquatic resources available for  irrigation 

and as water supply for the newly built carp farm and 
hatchery. In this paper our focus is on biological assess-
ment methods such as the determination of saprobity 
indices using zooplankton and macrozoobenthos organ-
isms as indicators, as well as some morphometric param-
eters of the gill tissue of experimental fi sh.

2. Material and methods

2.1. Study site

The research was carried out at the Faculty of Agri-
culture School Estate “Radmilovac” located in a region 
of undulating hills near Belgrade. It covers an area of 
84 ha and is mainly agricultural land with orchards and 
vineyards. Many private houses and a hotel are inter-
spaced throughout the school estate land. In 2006, an 
experimental fi sh farm and hatchery were built on this 
site in the vicinity of two open wells (Fig. 1). They started 
fully operating a year later. In order to assess the quality 
of water for supply of the carp fi sh farm, and hatchery 
samples were taken from four different sites during the 
three years period (2005–2007).

Water sources were two open wells, W1 and W2 
and stream Šugavac at two sites, S1 and S2 (Fig. 1). 
Open wells are small reservoirs that accumulate surface 
waters. They have been used for decades in this area as 
a supply for irrigation. Every well has a surface area of 
38.5 m2, 6 m depth, and 231 m3 in volume. The stream 

Fig. 1. Sampling sites at the school estate “Radmilovac”.
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Šugavac runs through the whole estate. The two sam-
pling sites, “entrance” (S1) and “exit” (S2) are located 
above, and 400 m downstream, under the hotel. It is a 
relatively small stream, with average depth of 11 cm and 
width 45 cm. During hot summer months it can occa-
sionally dry out.

2.2. Methods

The sampling of physical and chemical parameters, 
zooplankton and macrozoobenthos was carried out 
every other month, from May to September during three 
investigations years. An experiment lasting for 1 month 
was carried out with carp yearlings placed in cages in 
the open wells in June/July 2005, due to fi sh availability 
and the acclimatization period.

Physical and chemical parameters of water were mea-
sured at all four sites. The water temperature, dissolved 
oxygen, conductivity and pH were measured using a 
water fi eld kit, MULTI 340 i/SET (WTW,  Germany). In 
the open wells during the fi rst investigation year (2005), 
measurements were performed 10 cm under the water 
surface and up to 6 m at 1 m intervals. Results of these 
measurements are published in a previous paper [31]. 
However, increased and frequent usage of water from 
wells for irrigation and in particular for fi lling fi sh ponds 
during the next 2 years (2006 and 2007) resulted in a very 
variable water level of the open wells so these parameters 
were measured only up to 1 m depth in the same inter-
vals. Samples for qualitative and quantitative analysis of 
zooplankton were taken by pulling the plankton net No. 20 
(mesh size 75 µm), through the upper layer of water in open 
wells [32]. The 100 mL samples were analyzed by subsam-
pling technique using Sedgwick Rafter cell. Surber’s net 
was used for the sampling of macrozoobenthos from the 
two sites of stream Šugavac. This type of mesh is specially 
used for sampling in running water and has a catchment 
area of 300 cm2 and mesh size of 250 µm [32]. All samples 
were fi xed immediately with 4% formaldehyde and later 
on analyzed. Zooplankton species were identifi ed and 
relative abundance determined under light microscope 
Carl Zeiss Jena T125 (160×). In most cases identifi cation 
was completed up to the species level. Some individuals 
were identifi ed up to the genus level due to contractions 
occurring during preservation. Macrozoobenthos was 
identifi ed up to family, genus or species level under a ste-
reomicroscope Leica MZ 125 (100×).

Saprobiological analysis was applied by allocating 
identifi ed zooplankton and macrozoobenthos taxa to their 
appropriate saprobic zones and saprobic value using a list 
of bioindicator organisms given by Wegl [33]. Using these 
individual species saprobic values (si),  saprobic index (S) 
was calculated according to the  Pantle–Buck method [34]:

S
h s

h
i=

⋅∑
∑

h – relative abundance of individual species
si – individual species saprobic value.

There saprobity index values for saprobity levels are: 
for oligosaprobity 0.51–1.50, β mesosaprbity 0.51–2.50, 
α mesosaprobity 2.51–3.50 and for polysaprobity 3.51–
4.50 (Pantle Buck, 1955).

2.3. Experiment with carp yearlings in cages

Three cages (60 × 60 × 60 cm, 0.216 m3 volume) were 
positioned in each well. In each cage 30 carp yearlings 
(average mass 56.9–59.9 g) were placed. Fish were taken 
from the fi sh farm “Mošorin” near Novi Sad, Serbia; accli-
matization period was 3 weeks. Mortality during acclima-
tization was 4%. Prior to the start of the experiment gill 
samples were taken for histological analysis (control).

Three fi shes from each cage were sampled at the 
beginning of the experiment, (Measurement I: June 21. 
2005), and after a month’s time another three fi sh were 
taken for sampling (Measurement II: July 20. 2005). 
These fi sh were sacrifi ced and their second left gill arch 
taken and fi xed in 4% formaldehyde. For histology, stan-
dard technique of paraffi n embedding and hematoxilin 
and eosin (HE) staining was used. Gills were examined, 
and microphotographs made using a Leica DM LS light 
microscope equipped with the DC 300 camera.

Since all the gills examined in both wells, at the 
beginning and after 1 month experiment had similar his-
tological structure, two morphometric parameters were 
measured on gill secondary lamellae: diffusion distance 
(DD) and lamellar thickness (LT), in order to determine 
whether there were differences between investigated 
parameters between two wells and between two mea-
surements. DD and LT are measures of the diffusion 
distance between the water environment and fi sh blood/
erythrocytes. Increase of this distance impairs the gill 
respiratory function [28,36]. For morphometric analysis 
measurements were carried out on histological slides of 
the gills from three fi sh using a Leica IM 1000 and Image 
J program [35]. Lamellar thickness was considered as 
the perpendicular distance across the lamella, from the 
outermost epithelium on each side of the lamellar cross-
section; and diffusion distance as the minimum distance 
from a randomly selected point on the outer lamellar epi-
thelium to the inside of the nearest blood lacuna [36]. For 
these analyses, only gill sections in which primary lamel-
lae had similar proportions of cartilage in their centre 
were selected in order to maintain consistency of section 
angle through the secondary lamellae in relation to the 
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gill arch and primary fi lament. Every secondary lamella 
was measured once, for each morphometric parameter. 
Range of measurements per one fi sh was from 113 to 177 
(since sections had different number of secondary lamel-
lae). In summary, total number of secondary lamellae 
measured was 2284 for both parameters. To avoid bias, 
measurements were performed according to the follow-
ing scheme: in the basis of the fi rst lamella, middle of 
the second, and tip of the third lamella. This scheme was 
applied for each triplicate of secondary lamellae for both 
morphometric parameters.

Statistical analysis of the results obtained in the exper-
iment was carried out using statistical package STATIS-
TICA v.6. All the results were statistically evaluated using 
ANOVA, LSD and T-test for parametric or Kruskal–Wallis 
and Mann–Whitney U-test for nonparametric statistical 
analysis depending on the coeffi cient of variation and the 
results of Levene’s test for homogeneity of variances.

3. Results

3.1. Analysis of water quality according to physical 
and chemical parameters

Average values for all three investigation periods 
show that water temperature was the highest at W1 and 
lowest at W2 (Table 1). LSD test showed statistically 
signifi cant difference between these two sites (p = 0.02). 
Among investigation years statistical analysis showed 
that there was signifi cant difference between water 
temperature in the fi rst and second year (p = 0.015) and 
very signifi cant between second and third (p = 0.009). 
 Dissolved oxygen was on average similar between W1 
and W2 (8.78 and 8.27 mg/L) and statistically not signifi -
cant (p = 0.301). Much lower was dissolved oxygen in S1 
and S2 but similar in-between (4.63 and 5.38 mg/L). For 
this parameter, location W1  statistically very  signifi cantly 
differed from S1 and S2 (p < 0.01) and location W2 very 
signifi cantly from S1 (p < 0.01) and  signifi cantly from S2 
(p < 0.05). Concerning investigation years, the highest 
average value for dissolved oxygen was observed in the 

fi rst year (10.053 mg/L). LSD test did show that the sec-
ond and third year differed very signifi cantly from the 
fi rst year (p < 0.01). Electroconductivity of water showed 
statistically very signifi cant differences between locations 
(F = 34.253, p < 0.01) as well as between years (F = 14.386, 
p < 0.01). Concerning this parameter all locations differed 
signifi cantly from each other except between W1 and S2 
(Fig. 1). Similar to dissolved oxygen, the second and third 
year differed very signifi cantly from the fi rst year. Addi-
tionally, there was signifi cant differences between elec-
troconductivity in the second and third year (p = 0.025). 
Factor year had a statistically very signifi cant effect on 
dissolved oxygen (F = 38.783, p = 0.000) and electrocon-
ductivity (F = 14.386, p = 0.000) and signifi cant effect on 
temperature (F = 4.817, p = 0.018). Interactions between 
years and locations showed very signifi cantly differences 
only for dissolved oxygen (F = 17.878, p = 0.000). Due to 
problems with the pH meter, statistical analysis of this 
parameter was not possible since there were not enough 
measurements. Average values of this parameter at all 
four sites were in the range from 6.43 to 7.93.

Measurements of nitrogen content as well as other 
potential chemical contaminants, such as heavy metals, 
have shown that the surface and groundwater of the 
Radmilovac catchment area were not polluted [30].

3.2. Analysis of water quality using zooplankton and 
 macrozoobenthos

In both wells zooplankton community generally had 
a low diversity observing individual investigating peri-
ods. Overall, summarized for the three years, W1 had 25 
and W2 31 identifi ed taxa (Table 2). In 2005, 2006, and 
2007 year W1 had 13, 12, 8 and W2 20, 14, 13 identifi ed 
taxa, respectively. Rotifers were the dominating group 
with 22 taxa in W1 and 23 taxa in W2 identifi ed during 
the whole investigation period. Among this group of 
zooplankton organisms β mesosaprobity indicators pre-
vailed. A gradual decline in species diversity as well as 
their frequencies was observed at these locations dur-
ing three subsequent years but there was no statistical 

Table 1
Descriptive statistics of physical and chemical water parameters of W1, W2, S1 and S2 sites for all three investigation 
periods.

Site Twater (
oC)

Dissolved O2 
(mg/L)  

% of water 
saturation  

pH  Electroconductivity 
(μS/cm)

 Mean SD  Mean SD  Mean SD  Mean SD  Mean SD

W1 20.22 4.14 8.75 3.35 97.29 39.31 7.93 0.20 1086.00 81.07
W2 16.68 3.24 8.27 8.16 89.40 89.97 6.43 2.09 1323.11 86.57
S1 17.86 2.88 4.63 0.92 49.80 9.91 7.76 0.58 1164.78 40.23
S2 19.15 2.92 5.38 1.40  57.53 14.86 7.92 0.27 1103.63 93.13
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 signifi cance between them (t = −0.933; p = 0.404). The 
saprobity index at both open wells had a trend that corre-
sponded with the decrease in the number of species and 
frequencies, having a slight increase at both locations by 
the third investigation year (Fig. 3). At Well 1 the sap-
robity index ranged from 1.6 to 1.96 during the whole 
investigation period. Well 2 had a slightly wider sapro-

bity index range, from 1.40 to 2.10. However,  analysis of 
variance showed no statistically signifi cant differences 
(p > 0.05) between years for this parameter at locations 
W1 and W2. On average, wells had a similar saprobity 
index namely 1.79 for W1 and 1.75 for W2 statistically not 
signifi cant (t = 0.423, p = 0.678). In regard to monthly fl uc-
tuations, in July the saprobity index was slightly higher 

Table 2
Occurrence of zooplankton taxa at locations W1 and W2.

Locations W1  W2

Inv. years I II III Sum  I II III Sum

Taxa    
Rotatoria    
Anueropsis fi ssa (Gosse)   + +
Ascomorpha sp.  + + + + + + +
Asplanchna sp. + + + + + + +
Brachionus angularis (Gosse)  + + + + +
Brachionus calycifl orus Pallas + + + + + + + +
Brachionus quadridentatus (Hermann) + +  
Cephalodella sp. + + + +
Collurella sp. + + + +
Filinia sp. + + + +
Filinia longiseta (Ehrenberg)   + +
Filinia terminalis (Plate)   + +
Gastropus sp.   + +
Keratella sp. + + + +
Keratella cochlearis (Gosse) + + + +
Keratella quadrata (O.F. Muller) + + + + + +
Keratella valga (Ehrenberg)   + +
Lecane sp. + + + +
Lepadella sp. + + + + + +
Lepadella patella (O.F.M.)   + + +
Mytilina mucronata (O.F.M.) + + + +
Phylodina sp.  + + + + +
Polyarthra sp. + + + + + + +
Polyarthra dolicoptera Idelson + + + + +
Polyarthra vulgaris Carling  + + + + +
Pomfolix complanata Gosse  + +  
Synchaeta sp. + +  
Testudinela sp. + +  
Trichocerca sp. + +  
Cladocera    
Alona sp.  + + + +
Bosmina longirostris (O.F. Muller) + + + + + + +
Chydorus sphaericus (O.F. Muller)   + + +
Daphnia longispina (O.F. Muller)   + +
Moina brachiata Jurine   + +
Moina sp.   + +
Copepoda    
Acanthocyclops sp.   + +
Cyclops sp. + + + + + + + +

Total No. of taxa 19 12 8 25  20 14 13 31

+ Occurrence of taxa.
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than during other months in W1 during the fi rst and sec-
ond year and in W2 during all investigation years (Fig. 2).

During the investigation period macrozoobenthos at 
both sites of stream Šugavac had a generally low diver-
sity (Table 3). The decrease in the taxa diversity towards 
the 3rd investigation year (Table 3) showed a similar trend 
as zooplankton in wells (Table 2). However, S1 had 8, 7, 2 
and S2 had 6, 7, 4 identifi ed taxa, respectively. Concern-
ing number of identifi es taxa, no statistical difference was 
observed between these two locations during three inves-
tigation yeas (t = 0.189; p = 0.859). Identifi ed taxa were 
mainly from two groups,  Oligochaeta and Chironomidae, 
that are indicators of beta- and alpha- mesosaprobity. S1 
was less polluted having a saprobity index ranging from 
1.6 up to 2.3 during all three years that was justifi ed by 
analysis of variance (F = 0.182, p = 0.838) and LSD test 
showing no statistical signifi cance between years. S2 had 
smaller variations of this parameter in the same period, 
ranging from 2.28 to 2.56 (Fig. 2). Kruskal–Wallis ANOVA 
and Mann– Whitney U-test showed no differences between 
years. Differences between saprobity index of S1 and S2 
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Fig. 2. Saprobity index of investigated wells during three 
investigation years.

Table 3
Occurrence of macrozoobenthos taxa at locations S1 and S2 + occurrence of taxa.

Locations S1 S2

Inv. years I II III Sum I II III Sum

Taxa     
Oligochaeta    + +
Nedet. Oligochaeta + + + + + +
Hirudinae     
Hirudo medicinalis Linnaeus   + +
Erpobdella testacea Savigny  + + + + +
Glossiphonia complanata Linnaeus  + +  + +
Nematomorpha     
Gordius aquaticus Linnaeus + + + +
Isopoda     
Aselluss aquaticus Linnaeus  + +   
Gammaridae     
Gammarus balcanicus Schäferna + + +  + + +
Gammaru fossarum Koch + + +   
Heteroptera     
Nepa cinerea Linnaeus + +   
Odonata     
Onychogomphus sp.    + +
Diptera     
Tipula sp.   + +
Bezzia sp. + + +  + +
Pericoma sp.    + +
Coleoptera     
Helodes minuta Linnaeus + + +   
Chironomidae     
Undet. Chironomidae + + + + + + + +

Total No. of taxa 8 7 3 11  6 7 4 12

was found to be  signifi cantly different indicated by Mann–
Whitney U-test (Z = −2.791, p = 0.005). Comparing all four 
locations in-between showed that saprobity index of S2 
was statistically very different from other three  locations 
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(p < 0.01). Similar to these results, comparing saprobity 
index between all four locations in every investigation 
year separately showed that location S2 was statistically 
very signifi cantly different from W1, W2 and S1 (p ≤ 0.01).

3.3. Analysis of water quality using fi sh gills

Lesions found on the gills of carp yearlings are pre-
sented on Fig. 3.

Fig. 3. Lesions found on the gills of carp yearlings (a) Normal gill structure (HE × 200); (b) Lifting of the secondary  epithelium 
(HE × 400); (c) Hypertrophy of secondary epithelium (HE × 400); (d) Hyperplasia of primary epithelium (HE × 200); 
(e)  Hyperemia of secondary lamellae (HE × 400); (f) Increased mucous secretion (HE × 400); (g) Proliferation of eosinophylic 
cells (HE × 400); (h) Wrinkled respiratory epithelium (HE × 400); Each bar represents 50 μm.
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Besides normal gill morphology (Fig. 3,a) that pre-
vailed, majority of gills examined had proliferated 
primary epithelium that fi lled up the space between 
secondary lamellae (Fig. 3,d), with hyperplasia of the 
eosinophylic undifferentiated cells (Fig. 3,g) (not found 
in well 2). Proliferation of mucous cells (Fig. 3,f), lifting 
of the respiratory, secondary epithelium (Fig. 3,b), wrin-
kled epithelium (Fig. 3,h), its hypertrophy (Fig. 3,c) and 
hyperemia of secondary lamellae (Fig. 3,e) are changes 
found on all the gills examined regardless of the well or 
period of sampling. Trichodinid parasites were found on 
all the gills examined except in well 2 at the beginning 
of the experiment.

Due to the fact that the histological analysis have 
unveiled that majority of the gills had similar altera-
tions, a morphometrical examination was carried out: 
measurements of DD and LT followed by statistical 
analysis.

The results of descriptive statistics of morphologi-
cal measurements are presented in Table 4. Based on the 
values of the coeffi cient of variation the following could 
be concluded: the least variability was found in lamellar 
thickness—measurement I, well 2;

most variability was in diffusion distance, measure-
ment I, well 2. Data were more homogenous for variable 
LT than for variable DD. Data were homogenous (coeffi -
cient of variation less than 30%, CV <30%) except for DD 
in the second measurement in well 2 (36%).

Statistical signifi cance of the average values of the 
parameters measured between two wells and two mea-
surements was assessed using a nonparametric Mann–
Whitney U-test. Average values for LT and DD were 
lower in well 1. Their differences in the second measure-
ment were higher than differences in fi rst measurement. 
But, however all differences were not statistically signifi -
cant (p > 0.05). It means that the measured parameters of 
the gills of fi sh placed in the wells did not differ between 
the wells. Between two measurements, there were no 
statistically signifi cant changes in analyzed morphologi-
cal parameters (p > 0.05), although in the well 1 the dif-

ference between two measurement had a trend towards 
statistical signifi cance (p = 0.06). In well 1 average value 
of LT and DD decreased between two measurements, 
while in 2 it increased.

4. Discussion

All monitored physical and chemical factors varied 
throughout the whole investigation period at all loca-
tions and investigation years. Water temperature of sites 
 differed signifi cantly among years, indicating that the 
2006 year differed from the years 2005 and 2007 having 
the lowest average value. However, between locations 
this parameter was rather consistent, except for W2 
that had the lowest water temperature and signifi cantly 
differed from W1. Dissolved oxygen and electrocon-
ductivity were the most variable parameters concern-
ing locations and years. Both sites of stream Šugavac 
differed signifi cantly from open wells concerning dis-
solved oxygen that could be due to a bigger organic 
load exerted into this small waterbody, decreasing the 
oxygen level. There was a big inconsistency in this 
parameter at W2 between years with extremely low dis-
solved oxygen (under 1 mg/L) during year 2006. Such 
low  concentration of  dissolved O2 was probably caused 
by overgrowth of Lemna sp. that occasionally covered 
the whole water surface of the wells. This could have 
been one of the reasons for a gradual decrease of zoo-
plankton diversity and water deterioration during three 
subsequent years [7]. All locations differed signifi cantly 
in-between concerning electroconductivity except W1 
and S2 probably due to their very close positions (Fig. 1). 
At all sites, pH value of water was mostly neutral. This 
was expected since moderate organic pollution usu-
ally doesn’t dramatically affect the pH of a waterbody. 
Beside this, neutral pH of water is optimal for most 
aquatic invertebrates (including zooplankton and mac-
rozoobethos) and for common carp and however didn’t 
affect water quality of investigated locations. The ori-
gin of nitrogen in Šugavac stream and periodic increase 

Table 4
Descriptive statistics of lamellar thickness and diffusion distance.

Morpho metric 
parameter

Measurement Well Mean Median Min. Max. SD SEM CV

Lamellar thickness 
(LT)

I 1 15.160 14.095 12.430 18.955 3.390 1.957 22.36
2 16.560 17.090 15.430 17.160 0.979 0.565 5.91

II
1 12.750 12.105 11.400 14.745 1.763 1.018 13.83
2 17.675 15.905 11.500 22.620 4.340 2.506 24.55

Diffusion distance 
(DD)

I 1 4.755 4.255 3.890 6.120 1.196 0.691 25.155
2 4.788 4.910 4.450 5.005 0.297 0.171 6.199

II 1 3.665 3.915 2.860 4.220 0.714 0.412 19.472
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may be connected to agricultural and urban runoff and 
uncontrolled sewage from the houses in the top of the 
Radmilovac hills [30].

The gradual decrease in species diversity observed 
at all four locations was probably due to the gradual 
increase in the water exploitation from the wells, for the 
maintenance of the newly built fi sh farm during 2nd 
and 3rd year, provoking disturbance in the zooplank-
ton communities [37]. Among Rotifers, the dominat-
ing group of zooplankton, three species of Brachiunus 
(B. angularis, B. calysifl orus and B. quadridentatus) where 
present in both wells (Table 2). These species have a 
high saprobic value (2.5) meaning that they are associ-
ated with moderate to high organic pollution [6,7,38] 
and can reach  remarkable densities in eutrophic waters 
[39,40). According to an extended scale of saprobity lev-
els [41,42], the  saprobity index ranging from 2.3 to 2.7 
belong to the β to α  mesosaprobity level. Other species 
of Rotifers, Cladocera and Copepoda found at W1 and 
W2 were mainly indicators of β mesosaprobity. How-
ever, just a few identifi ed species were oligosaprobic, 
Filinia terminalis, Keratella valga and K. quadrata, Polyar-
htra  dolichoptera and Anueropsis fi ssa present in low fre-
quencies. Saprobity index of W1 and W2 was similar 
in-between as well as between investigation periods. 
Occasional slightly higher saprobity index of wells 
observed in July was probably a consequence of more 
intensive pollution from the neighboring hotel and pri-
vate houses during summer months.

Initial low taxa diversity and dominance of cer-
tain groups of macrozoobenthos at the two locations 
of stream Šugavac can be an indication of initial pollu-
tion. In small water ecosystems infl ow of wastewater 
rich in decomposing organic matter generates decline 
of species diversity and replacement of pollutant-
 sensitive species with pollution-tolerant organisms, 
such as oligochaetes and chironomid larvae [43]. Dur-
ing all investigation periods, a high abundance and 
dominance of Oligochaeta and Chironomidae has been 
observed specially at S2, indicating low water quality 
[44–46]. These two groups have high saprobity val-
ues, 2.6 and 2.3, belonging to α and β mesosaprobity 
zones. The presence of family Gammaridae in freshwa-
ters is generally associated with relatively clean water, 
springs and creeks [47] but since these organisms are 
mainly mesotrophic detritophagues they can feed on 
particulate organic mater [48,49]. The abundance of 
one species of this family, Gammarus balcanicus that is 
oligosaprobic at location S1 indicates that this part of 
the stream Šugavac (Fig. 1) was much less polluted 
than S2. This was expected since it is less affected by 
negative anthropogenic loads due to its location above 
the potential polluters. The site of Šugavac that is 400 
m downstream, S2, was much more polluted and its 

saprobity index differed signifi cantly not only from S1, 
but as well from both open wells. Kljujev and Raičevic’ 
[50] and WATERWEB annual reports confi rmed pres-
ence of total coliform bacteria in all investigated water 
sources and fecal coliform bacteria in all sources except 
in W1 [30,50].

In this study, normal gill morphology was preva-
lent. However, a number of alterations, mostly mod-
erate have been noticed: proliferation of the primary 
 epithelium fi lling up the space between secondary 
lamellae, often accompanied with undifferentiated 
cells hyperplasia ensuring the probable replacement 
of differentiated cells. Increased mucous production is 
one of the fi rst reactions of the gill tissue to irritants 
present in the aquatic environment even in small con-
centration. Lifting of the respiratory, secondary epi-
thelium, wrinkled epithelium, and hypertrophy of 
this, normally very thin epithelium are known defense 
mechanisms that increase a water–blood diffusion dis-
tance. Hyperemia of secondary lamellae represents a 
very fi rst circulatory alteration that occurs in slightly 
deteriorated environment. All the lesions of the gills 
examined belong to reparable changes and character-
ize a reaction of the gill tissue that corresponds to mild 
water quality deterioration [27,28]. Irreparable changes 
such as complete fusion of the secondary lamellae, 
stasis in blood vessels, or necrotic changes were not 
found on the gills examined indicating that, according 
to gill histology, the investigated water from wells was 
not heavily polluted by toxicants or organic wastes. 
As already mentioned, a detailed chemical analysis 
of wells water didn’t detect pollution by heavy met-
als, nitrogen, phosphorus, and pesticides [30]. Finally, 
as shown by the results of statistical analysis of mor-
phometric measurements there were no differences 
in lesion severity between the wells and between two 
measurements, and therefore no signifi cant differences 
in water quality between two wells.

The present study has confi rmed that the selection of 
a biomonitoring method and its effectiveness depends 
primarily on the physical and chemical characteristics 
of the waterbody [1,11]. In fact, in the shallow stream 
Šugavac the use of macrozoobenthos organisms as 
indicators of water quality was the best option. Zoo-
plankton was assessed in open wells, since they pre-
fer low fl ow areas such as backwaters, pools and other 
standing waters [51] where they can easily reproduce 
[52] and where populations can attain signifi cant abun-
dance. Experimental fi sh were placed in cages in open 
wells to study their gills. It was noted that following 
microbiological investigation, both the water from 
Šugavac and the well 2 were polluted by coliform fecal 
bacteria, and therefore could not be used for irrigation 
of vegetables without previous  treatment [50]. Finally, 
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the study has demonstrated that the aquatic resources 
of Radmilovac catchment can be used for carp farm and 
hatchery water supply. Moreover, in order to preserve 
water resources at Radmilovac and prevent possible 
pollution and/or water shortage, a recirculation sys-
tem has been established in the hatchery during 2008.
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