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Abstract

The assessment of general condition of fish in the moderately contaminated aquatic environment was performed
on the European chub (Squalius cephalus) caught in September 2009 in the Sutla River in Croatia. Although
increases of the contaminants in this river (trace and macro elements, bacteria), as well as physico-chemical
changes (decreased oxygen saturation, increased conductivity), were still within the environmentally acceptable
limits, their concurrent presence in the river water possibly could have induced stress in aquatic organisms.
Several biometric parameters, metallothionein (MT) and total cytosolic protein concentrations in chub liver and
gills were determined as indicators of chub condition. Microbiological and parasitological analyses were
performed with the aim to evaluate chub predisposition for bacterial bioconcentration and parasitic infections. At
upstream river sections with decreased oxygen saturation (~50%), decreased Fulton condition indices were
observed (FCI: 0.94 g cm™), whereas gonadosomatic (GSI: 2.4%), hepatosomatic (HSI: 1.31%) and gill indices
(1.3%) were increased compared to oxygen rich downstream river sections (dissolved oxygen ~90%; FCI: 1.02 g
cm; GSI: 0.6%; HSI: ~1.08%; gill index: 1.0%). Slight increase of MT concentrations in both organs at
upstream (gills: 1.67 mg g”'; liver: 1.63 mg g') compared to downstream sites (gills: 1.56 mg g'; liver: 1.23 mg
g1, could not be explained by induction caused by increased metal levels in the river water, but presumably by
physiological changes caused by general stress due to low oxygen saturation. In addition, at the sampling site
characterized by inorganic and faecal contamination, increased incidence of bacterial bioconcentration in internal
organs (liver, spleen, kidney) was observed, as well as decrease of intestinal parasitic infections, which is a
common finding for metal contaminated waters. Based on our results, it could be concluded that even moderate
contamination of river water by multiple contaminants could result in unfavourable living conditions and cause

detectable stress for aquatic organisms.

Key words: bacteria; European chub; intestinal parasites; metallothioneins; Sutla River; stress
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1. Introduction

For in-depth understanding of processes occurring in aquatic ecosystems, it is necessary to simultaneously gather
information on physico-chemical and microbiological characteristics of the river water, as well as on the
biological indicators. In September of 2009, a comprehensive assessment of the water quality of the Sutla River
in Croatia was conducted, which indicated only moderate, i. e. environmentally acceptable river water
contamination, according to Croatian and European legislations and recommendations (Dragun et al. 2011). It
comprised analyses of trace and macro elements, and physico-chemical and microbiological parameters (Dragun
et al. 2011). Specifically, the upper flow of this river (Fig. 1, sites 1 and 2) was characterized by moderately
decreased dissolved oxygen level (51.2-53.7%) and increased presence of heterotrophic bacteria in the water
(20000-24000 cfu mL") compared to the lower flow of the river (Table 1), which is a probable sign of organic
enrichment of the river water (Dragun et al. 2011). Within the upper river flow, a confined area (Fig. 1; site 2)
was additionally burdened by faecal and inorganic contaminants, as seen from increased level of total coliforms
(15739 MPN/100 mL), increased conductivity of the river water (976 uS cm™), and increased levels of several
dissolved trace (e.g. Pb, Rb, T, Cd, Li, Sb, Mn, Sn, Mo) and macro elements (e.g. Na and K) in comparison to
the remaining sampling sites (Table 1). The reported concentrations of each of the trace elements individually
still have not exceeded the limits considered as hazardous for the aquatic life, and both faecal and organic
pollution at the majority of the sampling sites was considered as only moderate (Dragun et al. 2011). As a
conclusion and in accordance with current legal requirements for good ecological status of natural waters, the
Sutla River water quality was defined as satisfactory and acceptable in the monitoring report (Teskeredzi¢ et al.

2009).

However, based on the fact that multiple disturbances occurred concurrently in the aquatic system, the aquatic
organisms inhabiting the impacted section of this river were likely exposed to unfavourable conditions which
could increase stress levels and result in changes of their general condition, as well as deterioration of their
health status. For example, hypoxia caused by eutrophication and organic pollution is now considered to be
amongst the most pressing and critical water pollution problems in the world (Pollock et al. 2007). Some authors
indicate that hypoxia occurs when the level of dissolved oxygen drops below the survival levels, commonly
thought to be at 2.0 mg L' or less (e.g. Chesney et al. 2000). However, hypoxia also describes the conditions
where dissolved oxygen is lower than saturation levels (e.g. Hattink ef al. 2005), which was the case observed in
the Sutla River. In fact, researchers have often suggested that a moderate decline in dissolved oxygen from
optimum levels is sufficient to substantially increase the threat to aquatic life from other contaminants (Barton
and Taylor1996). Pollock et al. (2007) suggested that the interacting effects of hypoxia and chemical
contamination is an area requiring investigation, especially taking into consideration the increasing trend of
hypoxia occurrence in natural waters. In addition, considerable evidence indicates that exposure of fish to
complex mixtures such as sewage effluent can lead to endocrine alterations (Sepulveda et al. 2002). Exposure of
fish to sublethal concentrations of contaminants may also impose considerable physiological stress, resulting in a
number of manifestations such as reduced growth, impaired reproduction, predisposition to disease, reduced

locomotory and predatory performance, or reduced capacity to tolerate subsequent stress (Adams ef al. 1989).
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Accordingly, the main aim of this study was to assess the general condition of fish from a moderately but
diversely contaminated aquatic environment. European chub (Squalius cephalus L. 1758), a member of the
Cyprinidae family, was chosen as a bioindicator species, because it is a common and widely distributed species
throughout European waters, the Black Sea Basin, the Caspian Sea Basin and the Azov Sea Basin (Berg 1964;
Sasi 2004). In ecotoxicological studies the use of a wide battery of biological responses is recommended since
single biomarkers cannot reflect the impairment of organism’s health and/or the adaptation to impaired
environmental conditions (Cajaraville et al. 2000). Therefore, our specific aim was to study several parameters
associated with condition and health of the chub from the Sutla River, including the Fulton condition index,
gonadosomatic and hepatosomatic indices. Measurements of physiological indices and reproductive biomarkers
for assessing the effects of different stressors on fish are extremely valuable because they incorporate several
levels of biological organization (Sepulveda et al. 2004). The condition factor is commonly used as a simple
general indicator of physical and physiological status of fish, in the sense of a relative measure of body
composition, fatness, feeding, growth, reproductive stage and body energy content of fish (Elliott 1976;
Pulliainen and Korhonen 1990; Encina and Granado-Lorencio 1997). Similarly, the gonadosomatic index has
been used as an indicator of the composition stage, development and energy content of the gonads (Mills and
Eloranta 1985; Encina and Granado-Lorencio 1997). Hepatosomatic index, on the other hand, was confirmed as
a useful biomarker of aquatic pollution (van Dyk et al. 2012). We have also applied measurement of total
cytosolic protein concentrations in liver and gills, due to the fact that proteins are a major constituent in the
metabolism of animals and therefore it is important to study the changes in protein metabolism in the stress
conditions, such as metal exposure. Changes of total protein concentrations that may occur are the increase due
to the increased protein synthesis or decrease due to the breakdown of proteins (De Smet and Blust 2001). More
specifically, we have measured metallothionein (MT) concentrations as indicator of metal exposure, but also of
general stress in chub. MTs are a class of ubiquitously occurring low molecular mass cysteine- and metal-rich
proteins containing sulphur-based metal clusters, which have important roles in the homeostasis of essential trace
metals (Zn and Cu) or sequestration of environmental toxic metals (e.g. Cd and Hg), as well as in the protection
against oxidative damage (Vasak 2005). Although MT is a known biomarker of metal exposure, and its
induction presents a biochemical response to increased bioavailability of metals in the environment, it is also
inducible by factors unrelated to metal contamination, such as handling, starvation, anoxia, freezing, and the
presence of antibiotics, vitamins or herbicides (Amiard et al. 2006). Finally, chub predisposition for infectious

health disorders was evaluated based on the microbiological and parasitological analyses.

2. Materials and methods

2.1. Study area and period

The study was carried out on the Sutla River, a 91-km-long river flowing along the Croatian and Slovenian state
border, with a water discharge between 0.73 and 68.8 m® s and a catchment area of 581 km? (Dragun et al.
2011). It is a tributary to the Sava River, a major river in Croatia. Five locations (Fig. 1) under different
anthropogenic pressures (industrial wastewater, household and thermal bath discharges, agricultural runoff;
Dragun et al., 2011) were selected for fish sampling. Several physico-chemical, microbiological and inorganic

parameters, indicating moderate contamination of the water quality of the selected sampling sites are presented
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in the Table 1. The fish were sampled in the late summer of 2009, from September 14" to 16™, to avoid the
influence of the spring reproductive period on the analyzed parameters, as suggested by Podrug and Raspor

(2009).

2.2. Fish sampling

The selected fish for this study was European chub (S. cephalus L.), an omnivorous fish species, that is wide
spread in European freshwaters, and therefore suitable for monitoring purposes. Fifteen chub specimens were
caught per site, or 75 in total. The sampling was performed by electro fishing (Hans Grassl, EL63 II GI, 5.0 KW,
Honda GX270, 300/600V max., 27/15A max.) in accordance with the Croatian standard HRN EN 14011:2005.
Captured fish were kept alive in an opaque plastic tank with aerated river water until further processing in the
laboratory. Individual fish were anesthetized with Clove oil (Sigma Aldrich) and sacrificed. The gills and liver

were dissected and stored at -80°C until further analyses.

2.3. Determination of biometric parameters

Several biometric parameters were recorded: total mass, total length, mass of the liver, gills, and gonads. Fulton
condition indices (FCI) were calculated in accordance with Ritz and Lloret (2003), based on total chub mass and
length. Organosomatic indices (hepatosomatic (HSI, %), gonadosomatic (GSI, %) and gill index (%) were
calculated as ratios between tissue mass (liver, gonads and gills, respectively) and total body mass (g), multiplied
with 100 (Sasi 2004). A few scales (5-10) were taken from the lateral line below the dorsal fin for subsequent
age determination by counting growth annuli using an optical microscope (BH-2 Olympus; 40 times
amplification; Ognev and Fink 1956; Treer et al. 1995). For sex determination, we have compared the results
obtained in the laboratory through both macroscopic and microscopic examination of gonads. For microscopic
identification of sex, a section of gonad tissue from each fish was placed on a glass microscope slide. The slides

were viewed under a 40 and 100 times amplification using optical microscope (BH-2 Olympus).

2.4. Isolation of cytosolic fractions from fish liver and gills

The samples of gill and hepatic tissue were cut into small pieces, diluted 6 times with cooled homogenization
buffer (20 mM Tris-HCl/Base, Sigma, pH 8.6 at 4°C), supplemented with reducing agent dithiotreitol (Sigma,
final concentration 2 mM) to prevent protein oxidation and metal redistribution among cellular constituents
(Falchuk and Czupryn 1991), and then homogenized by 10 strokes of Potter-Elvehjem homogenizer (Glas-Col)
in ice cooled tube at 6,000 rpm. For better separation, the homogenates were centrifuged two times in the Avanti
J-E centrifuge (Beckman Coulter) at 50,000xg for 2 h at 4°C. Supernatant (S50) obtained after the second
centrifugation, which represents water soluble cytosolic tissue fraction, was stored at -20°C for metal analyses in

cytosol and at -80°C for total cytosolic protein (TP) and MT measurements.

2.5. Determination of trace element concentrations

The concentrations of three elements (Zn, Cu and Cd) were determined in hepatic and gill cytosols, which were
10 times diluted with Milli-Q water and acidified with HNO3 (Suprapur, Merck, final concentration in the
samples 0.65%) prior to measurements. Indium (Fluka) was added in all samples as an internal standard (1 pg L

1. The measurements were performed on high resolution inductively coupled plasma mass spectrometer (HR
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ICP-MS, Element 2, Thermo Finnigan), equipped with a double focusing mass analyzer using reverse Nier-
Johnson geometry. An autosampler (ASX 510, Cetac Technologies) and sample introduction kit consisting of
SeaSpray nebulizer and cyclonic spray chamber Twister were employed to transport the analytes into the plasma
of HR ICP-MS. Measurements of '!!Cd were operated in low resolution mode, whereas **Cu and **Zn were
measured in medium resolution mode. External calibration was performed using standards prepared in 2% HNO3
(Suprapur, Merck) by appropriate dilutions of 100 mg L' multielement stock standard solution (Analytika).
Quality control sample (QC for trace metals, UNEP GEMS/Water PE Study No. 7) was used for checking the
accuracy of trace element measurements by HR ICP-MS. A generally good agreement was observed between
our data and the certified values (e.g. recovery for Cd: ~96-116%; recovery for Cu: ~90-115%). Limits of
detection (LOD) were determined based on three standard deviations of ten consecutively determined trace
element concentrations in the blank sample (2 mM Tris-HCl/Base, 0.2 mM dithiotreitol, 0.65% HNO3). LODs
for trace elements measured within this study were as follows (ug L™): Cd - 0.005, Cu - 0.037, Zn - 2.40.

2.6. Determination of cytosolic protein concentrations (TP)

The concentrations of TPs were measured in the gill and hepatic cytosol (S50) according to Lowry et al. (1951).
The Bio-Rad DC Protein Assay was applied according to manufacturer's instructions. The measurements were
performed on the photometer Microplate Reader HT3 (Anthos, Austria) at 750 nm wavelength. Calibration curve
was constructed with five different concentrations (0.25-2.0 mg mL") of bovine serum albumin (Serva,

Germany) dissolved in the homogenization buffer.

2.7. Determination of MT concentrations

For MT determination, the cytosolic fraction (S50) was additionally heat treated to efficiently denature high
molecular mass proteins which would otherwise interfere with the electrochemical MT determination (Erk ef al.
2002). The cytosolic fraction was first 10 times diluted with 0.9% NaCl (Suprapur, Merck), then heat-treated for
10 min at 85°C in The Dri Block (Techne), and subsequently placed on ice for 30 min at 4 °C . The heat-treated
cytosol was then centrifuged at 10,000 g for 15 min at 4 °C in Biofuge Fresco centrifuge (Kendro, USA). The
resulting supernatant (HT S50) was separated from the pellet and stored at -80°C. MT concentrations were
measured in the HT S50 by differential pulse voltammetry (DPV) following the modified Brdic¢ka procedure
(Raspor et al. 2001) and using 797 VA Computrace (Metrohm, Switzerland) with a three-electrode system
(hanging mercury drop electrode, HMDE, as a working electrode, an Ag/AgCl/saturated KCl reference electrode
and a platinum counter electrode). The voltammetric measurements were performed in 10 mL of supporting
electrolyte solution (2M NH4CI/NH4OH, 5 mL and 1.2x10-M Co(NH3)sCls, 5 mL; pH=9.5) thermostated at
20°C and deaerated with extra pure nitrogen, to which 20-40 pL of chub gill or hepatic HT S50 was added.
Instrumental parameters for DPV were the following: potential scan from -0.9 V to -1.65 V; scan rate 0.005 V s
!; voltage pulse amplitude 0.025 V; duration of the pulse application 0.057 s; and a clock time 0.5 s. MT
concentrations expressed as ug mL! were derived from the calibration straight line, which was constructed by
using the commercially available, >95% pure, rabbit liver zinc-MT (I+II) (MT-95-P, Ikzus Proteomics, Italy)
dissolved in 0.25M NaCl. The final results expressed as mg MT g of wet gill or hepatic tissue were obtained by

multiplying MT concentrations measured in the cytosol with six, which is tissue dilution factor.
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2.8. Isolation and determination of bacteria from fish organs

Frequency and intensity of bacterial bioconcentration in chub were recorded and used as indicator of the changes
of the chub immunological status at the sites characterized by unfavourable conditions. Number of bacterial
colonies in chub was determined for four organs: gills as an external organ in direct contact with ambient water,
and three internal organs: liver, spleen and kidney. First, the gills were sampled for bacteriological analysis with
sterile inoculation loop. Then, after the abdominal cavity was aseptically opened, spleen, liver and kidney were
sampled for bacteriological analysis using the same technique. All the samples were placed onto Trypticase Soy
agar plates (BD-BBL) for isolation and enumeration. The plates were incubated for 24-48h at 22°C. Thereafter,
isolated colonies were enumerated and the results were expressed as number of Colony Forming Units per organ

(CFU).

2.9. Isolation and determination of parasites from fish intestine

Initial parasitological investigation of endoparasites was done macroscopically, after fish dissection. Then,
acanthocephalans were taken from intestine using sterile instruments and fixated in 10%-buffered formalin or
70% ethanol. Afterwards, parasites were immersed in lactophenol and observed under binocular magnifier and
optical microscope (BH-2 Olympus), or they were immersed in cedar oil and observed under microscope.

Species determination has been done on the basis of morphological characteristics (Moravec 2007).

2.10. Data processing and statistical analyses

Statistical program SigmaPlot 11.0 for Windows was applied for graph creating and statistical analyses. Several
nonparametric statistical tests were applied. Kruskal-Wallis One Way Analysis of Variance on Ranks with post-
hoc Dunn’s test was used for the comparison of the results obtained at five sampling sites (for chub age and
mass, FCI, GSI, HSI, gill index, MT, TP, Zn, Cu, Cd, intensity of bacterial bioconcentration and abundance of
parasitic infections). Mann-Whitney Rank Sum Test was used for the comparison of the results obtained at
upstream and downstream sampling area (for FCI, GSI, HSI, gill index, MT (in liver and gills), TP (in liver and
gills), Zn (in gills) and Cu (in liver)), as well as for the comparison between males and females, two age groups,
and for the comparison of MT and TP concentrations measured in two organs (gills and liver). Correlation
between FCI and GSI was calculated by use of Spearman correlation coefficient. MT variability in liver/gills was
analysed by multiple regression analysis on standardized values using Forward Stepwise Regression, with the
following independent variables: total chub mass, HSI, gill index, FCI, GSI, TP in liver/gills, cytosolic Zn in

liver/gills, cytosolic Cu in liver/gills and cytosolic Cd in liver/gills.

3. Results and discussion

3.1. Fish biometric parameters

The European chub (S. cephalus) sampled for this study were 1-4 years old, with total mass in range from 33 to
400 g. The females were predominant (~80%), and their proportion was considerably higher compared to our
previous study on the European chub from the Sava River (Dragun et al. 2009a; 59-66%) or reports by Unver
(1998; 68%) and Sasi (2004; 73%). However, female predominance was not associated with a specific section of

the river since it was equally observed at oxygen poor upstream site (site 1) and oxygen rich downstream sites
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(sites 3 and 5; Fig. 2a). When age and size were considered, statistically significant differences were observed
between sites, with the generally smallest and youngest chub sampled at the most contaminated site 2 (Fig. 2b,c;
Table 1). It could be a random finding; however, it is also possible that due to rather unfavourable living
conditions, older fish abandon this area and advance down the river flow. For example, the response of many
fishes upon detecting inadequate living conditions, specifically low levels of dissolved oxygen, is to simply
avoid the area. They migrate from low oxygen waters to normoxic waters (Pihl ef al. 1991). Some species, like
inland silverside (Menidia beryllina) will temporally avoid even the areas that fall below 4.7 mg O, L (Weltzien
et al. 1999). In addition, it is interesting to notice that low dissolved oxygen levels have size dependent effects
on the community structure, i.e. smaller individuals use waters of lower oxygen levels more than the larger fish
(Burleson et al. 2001), which is consistent with our findings. The Sutla River water analyses conducted
subsequently in October 2009 indicated that the sampling site 2, inhabited with the smallest fish, had the lowest
dissolved oxygen levels continuously (3.97-6.45 mg L"), whereas dissolved oxygen at the other oxygen poor

sampling site occasionally has reached higher values (8.48 mg L™).

Association with oxygen saturation of river water could also be made for FCI of chub caught in the Sutla River,
which gradually increased from the site 1 towards the site 5, with statistically significant differences between
two outermost sites (Fig. 3a). Chub inhabiting oxygen poor upstream sampling area had ~10% lower FCI
compared to chub from oxygen rich downstream sampling area (Table 2). Dissolved oxygen is a key factor
affecting the growth, reproduction and survival of fishes (Friesen et al. 2012). In hypoxic conditions, energy may
be diverted away from expenditures of growth, development and reproduction, resulting in significant fitness
costs (Kramer 1987), which could explain FCI decrease. Furthermore, FCI might reflect metabolic impact of
trace metals on fish, as reported by Giguére et al. (2004) for Perca flavescens and Filipovi¢ Mariji¢ and Raspor
(2007) for Mullus barbatus. This could be an additional explanation for the decrease of chub FCI at the metal

contaminated sampling site 2.

The opposite trend was observed for gonadosomatic indices (GSI) as confirmed by a statistically significant
negative correlation between FCI and GSI (r =-0.383, p<0.001). GSIs of all chub gradually decreased from the
site 1 towards the site 5 (Fig. 3b), and were approximately four times higher for the chub caught in the upstream
than downstream sampling area (Table 2). The separate analyses for females and males further confirmed this
finding. Previous reports indicated that Iberian chub (Squalius pyrenaicus) may be included in the group of fish
species that spawn at the end of spring and during summer, with quiescent period during autumn and winter,
since gonad development is related to increments in the daylight period, water temperature and food supply
(Encina and Granado-Lorencio 1997). Accordingly, the exact period of S. cephalus spawning depends on the
climate, but mostly occurs from April to June (e.g. Berg 1964; Oztas 1989; Sasi 2004). For mature chub during
the reproductive phase, GSI was reported to be above 3% for females (max. ~7.5%), and above 1.5% for males
(max. ~2.5%; Sasi 2004). In our study, chub were sampled in the late summer, i.e. in the postspawning period,
and GSI determined for females at two oxygen poor upstream sites was on average close to 3%, whereas for
males it was close to 1.5%, as opposed to oxygen rich downstream area with GSI of both sexes below 0.7%.
Since hypoxia may specifically disrupt the conversion of testosterone to estradiol through aromatase activity,

resulting in higher testosterone levels and higher testosterone/estradiol ratio (Shang 2006; Landry ef al. 2007,



289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

Dragun, Zrinka; Filipovi¢ Mariji¢, Vlatka; Kapetanovi¢, Damir; Vali¢, Damir; Vardi¢ Smrzli¢, Irena; Krasnici, Nesrete; Strizak,
Zeljka; Kurtovié, BoZidar; Teskeredzi¢, Emin; Raspor, Biserka. Assessment of general condition of fish inhabiting a
moderately contaminated aquatic environment. // Environmental science and pollution research. 20 (2013), 7; 4954-4968.

Friesen et al. 2012), it could also cause longer gonad development rate and consequently result in asynchronous
breeding seasons between hypoxic and normoxic populations (Friesen ef al. 2012). Some authors even suggest
that the problem of endocrine disruption caused by hypoxia could potentially be more serious than that caused by

known anthropogenic chemicals (Goldberg 1995; Diaz 2001).

The analysis of FCI and GSI dependence on sex and age, revealed that females had statistically significantly
higher condition indices than males (medians for females: 1.01 g cm™; for males: 0.94 g cm™; p<0.05), whereas
older chubs had significantly higher GSIs compared to younger specimens (medians for 3-4-year old chub:
1.43%; for 1-2-year old chub: 0.69%; p<0.01). Therefore, we have analyzed spatial variability of FCI separately
for females and males, and observed that the increasing spatial trend was maintained for both sexes (Table 3).
Similarly, although GSI varied depending on the chub age, the decreasing spatial trend was maintained for both
younger, sexually immature, and older, sexually mature chub specimens (Table 3). This was an indication that

both indices probably changed as a consequence of environmental conditions, and not physiological differences.

Although the physiological and biochemical mechanisms for hypoxia adaptation are numerous, diverse and
widespread among fishes, populations maintained in chronic hypoxia tend to grow larger gills to maximize
oxygen absorption (Timmerman and Chapman 2004; Graham 2006). For example, a number of parameters
related to gill size (e.g. total gill surface area, filament length and lamellar area) have been found to be greater in
Pseudocrenilabrus multicolor exposed to low dissolved oxygen compared with high dissolved oxygen
conditions (Chapman ef al. 2000 and 2008a,b). In our study, organosomatic indices for chub gills were
significantly higher at upstream sampling area compared to downstream area, on average 25% (Table 2), and
that increase was especially evident at the site 2 (Fig. 3¢). It could be possibly associated with the continuously
low oxygen saturation of the river water, since the dependence of gill index on chub age and sex was not
observed. In addition, increase of the gill mass could be a consequence of other morphological anomalies in fish
gills, such as hyperplasia of the lamellar epithelium, which could be induced by a variety of factors, such as
environmental pollutants. However, different irritants may cause almost identical structural damage, which
therefore rather reflect a generalized stress response than effect of single toxicant (Movahedinia et al.
2012).Hyperplasia inhibits the respiratory gas exchange by increasing diffusion distance and decreasing
interlamellar distance, and therefore could have negative effect on the respiratory function of the fish
(Movahedinia et al. 2012), and not only the effect on the gill mass. Increased gill area, as well as respiratory
disturbances, would increase a metabolic cost (energetic cost of ventilation, gill maintenance and
osmoregulation; Graham 2006), which could be in turn connected to lower chub condition at upstream sites

(Table 2).

Hepatosomatic indices (HSI) were the highest at the metal contaminated sampling site 2 (median HSI 1.56%;
Fig. 3d). Significantly higher HSIs were reported for sharptooth catfish (Clarias gariepinus) from polluted
aquatic environment (1.4+0.5%) compared to HSI of the fish from the reference site (0.6+0.3%). However, when
evaluating HSI, some factors other than pollution should be considered, such as the age of the fish (van Dyk e?
al. 2012). As could be seen from our data, HSI of younger chub (median for 1-2-year old chub: 1.31%) were
20% higher compared to older chub (median for 3-4-year old chub: 1.09%), and the difference was statistically
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significant (p<0.05). Therefore, we have analyzed the spatial variability separately for HSI of younger and older
chubs (Table 3), and observed that independent of the chub age, the highest HSIs were always obtained at the
sampling site 2 which is contaminated with metals and faecal bacteria. In addition, in young chub, increased HSI
was also obtained at the site 1, similarly to GSI trend, indicating that liver of younger chub is more susceptible to
harmful effects caused by deterioration of general living conditions, such as low oxygen availability. Sex

dependence of HSI was also tested, and no differences were found between females and males.

3.2. Metallothioneins (MT) and total cytosolic proteins (TP)

In the gills of the Sutla River chub, MT levels were in the range from 0.66 to 2.35 mg ¢! (median: 1.60 mg g™'),
whereas in the liver their level ranged from 0.80 to 3.73 mg g (median: 1.42 mg g™'). The comparison of MT
levels in these two organs revealed significant difference (p<0.01), with median gill MT ~10% higher compared
to liver. Contrary, TP level was significantly lower (»p<0.001) in the gills (median: 87.1 mg g”'; range: 38.8-106.5
mg g') compared to liver (median: 114.8 mg g!; range: 72.1-148.2 mg g''), approximately 25%. As a result, a
percentage of MTs in total protein level was higher in the gills (1.84+0.2%) than liver (1.3+0.5%). This finding is
consistent with previous reports of higher MT percentage in fish uptake organs, such as gills (S. cephalus: 1.7-
2.7%, Dragun et al. 2009a) and intestine (S. cephalus: 3-4%, Filipovi¢ Mariji¢ and Raspor 2010), compared to
detoxification organ, such as liver (M. barbatus: 0.9%, Filipovi¢ Mariji¢ and Raspor 2006; S. cephalus: 1.3%,
Podrug and Raspor 2009). Since gill and intestinal epithelial tissues are involved in the uptake, detoxification
and excretion processes (van Cleef et al. 2000), higher MT presence in those tissues is probably associated with

the important function of MTs in metal uptake (Dragun et al. 2009a).

Constitutive MT levels in gills (median: 1.56 mg g!; range: 1.02-2.85 mg g’!; Dragun et al. 2009a) and liver
(median: 1.55 mg g''; range: 1.09-3.75 mg g’!; Podrug and Raspor 2009) of chub from the weakly metal
contaminated Sava River (Dragun et al. 2009b) were previously reported for the nonreproductive periods of
2005 and 2006. Gill and hepatic MT levels of the Sutla River chub were comparable with the reports for the
Sava River. Since MT is a biomarker of metal exposure, this finding was an indication that metal exposure in the

Sutla River water was still rather low.

Although hepatic and gill MT levels were not increased above constitutive ranges, they demonstrated very
specific spatial distribution (Fig. 4a,b), especially hepatic MT. Higher levels were not restricted to the
moderately metal contaminated site 2, but were characteristic of all oxygen poor upstream sites. Median hepatic
MT was ~30% and gill MT ~10% higher at upstream than downstream sampling area (Table 2). It is in
accordance with the recommendation that MT induction in fish should be considered a general stress response
although it is particularly sensitive to heavy metals (Viarengo et al. 1999), since biomarkers like MTs may be
affected by factors such as season, temperature, fish gender, nutritional status or size (Hylland et al. 1998;
Filipovi¢ Mariji¢ and Raspor 2006 and 2010). For example, MT has been shown to be elevated following stress
and inflammation in fish (Baer and Thomas 1990; Maage et al. 1990). MT induction by many forms of chemical
and physical stress is most prominent in liver, mediated in part by hormones and resembles an acute phase
response (Bremner 1987; Kégi and Schiffer 1988). Spatial trend of TPs was not as clear as obtained for MTs,

but they have also decreased towards the most downstream site in both liver and gills (Fig. 4c,d). Similarly,
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increased concentrations of plasma proteins (albumin and globulin) were previously observed in largemouth bass
at sites contaminated by paper mill effluent compared to reference streams (Sepulveda et al. 2004). However, in
our study, the difference between upstream and downstream sampling area, although even significant in the case

of liver, was much less obvious than observed for MTs, and amounted to only 5-10% (Table 2).

For either MTs or TPs, differences between males and females were not observed, regardless of the studied
tissue. Differences associated with age, on the other hand, were significant (p<0.05), but rather small, and
referred only to MTs. MT levels were ~10% lower in younger than older chubs in both gills and liver. This
finding was consistent with previous reports on less prominent sex and age related MT variability during the
nonreproductive than reproductive periods in both gill and liver of the Sava River chub (Dragun et al. 2009a;
Podrug and Raspor 2009). Similarly, no obvious indications of sex influence on the hepatic MT level were

reported for red mullet (M. barbatus) sampled in the postspawning period (Benedicto ef al. 2005).

The association of several other factors with MT variability were assessed by use of multiple linear regression
analysis (Table 4). Total chub mass, total protein levels, as well as condition and organosomatic indices (FCI,
HSI, gill index, GSI) were used to assess the changes of MTs connected to chub general condition, whereas the
levels of metals known as MT inducers (Zn, Cu, Cd) in liver and gills, were used to assess metal associated MT
variability. Obtained models for liver and for gills (Table 4) could explain 35% and 52% of MT variability in
each organ, respectively. It was interesting to notice which parameters stand out as the best predictors of MT
changes. In both organs, significant positive association of TPs with MTs was observed, which could be
expected, considering that MT is a minor protein fraction. Next to TPs, hepatic MT was also significantly
associated with GSI, with higher MT levels measured in the chub with larger gonads. A significant correlation
between hepatic MT levels and gonad indices was previously found for red mullet (M. barbatus; Zorita et al.
2008). In addition, higher MT concentrations during the reproductive cycle were observed in the liver of
freshwater fish Salmo gairdneri (Olsson et al. 1987) and marine fish M. barbatus (Benedicto et al. 2005;
Filipovi¢ Mariji¢ and Raspor 2008). It was reported that MT levels began to increase in female fish at the onset
of vitellogenesis, and that the levels peaked when spawning occurred (Olsson ef al. 1987 and 1990). Elevated
MT levels have also been observed in male fish at the time of spawning (Olsson ef al. 1987 and 1990; Baer and
Thomas 1990). Gill MT, on the other hand, was significantly associated with the gill size. Slight MT increase at
the upstream sites, therefore, could be possibly associated with increased gill surface area, as well as increased
gill diffusion in hypoxic conditions, which is a way to maintain adequate oxygen levels (Randall 1970 and 1982;

Randall and Daxboeck 1984; Woo and Wu 1984; Timmerman and Chapman 2004).

Furthermore, in both organs a significant positive association of MT with a specific essential metal was
observed, however, not with the same one. An important predictor of hepatic MT variability was cytosolic Cu
concentration in the liver, whereas gill MT could be associated with cytosolic Zn concentration in the gills. Same
as MTs, both hepatic Cu and gill Zn were significantly higher at upstream sampling sites (Table 2, Fig. 5b,c).
More pronounced association of hepatic MT with Cu than Zn was previously observed in the studies by
Hogstrand et al. (1991), Rotchell et al. (2001) and Benedicto et al. (2005). Hepatic Zn and gill Cu, on the other

hand, were maintained within narrow concentration ranges and mainly comparable at all sites (Figure 5a,d). In
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addition to characteristic spatial variability, Zn cytosolic concentrations in the gills of all chub from the Sutla
River (14.3+4.9 ng mL™) were also much higher than previously defined levels, not only for nonreproductive
autumn period (6.3 pg mL™), but also above higher Zn levels characteristic for spring period (10.3 pg mL";
Dragun et al. 2007). Such prominent increase of Zn level in the chub gills could not be explained by increased
metal exposure, since dissolved Zn in the Sutla River water was low, below 5 ug L' (Dragun et al. 2011). The
metal concentrations, especially for essential metals like Zn, are known to increase following the increase of the
metabolic activity (Andres et al. 2000). It could be hypothesized that increased fish respiration under hypoxic
conditions could cause similar effect. Such finding was not obtained for the other metals. Gill Cu of the Sutla
River chub (42.6£10.4 ng mL™') was even lower than previously defined constitutive levels in chub gills during
the autumn period (Cu: 68.4 ng mL"'; Dragun et al. 2007), whereas hepatic Zn and Cu were comparable in the
chub from the Sutla (Zn: 6.61£1.59 ug mL; Cu: 1.504+0.72 pg mL™") and the Sava River (Zn: 4.96£1.50 pg mL"
I, Cu: 1.51+0.82 pg mL"'; Podrug et al. 2009).

Cytosolic Cd was also included in the analyses, as a potent MT inducer which was significantly increased in both
chub gills and liver at the specific sites (sites 3 and 4; Fig. 5Se,f). However, Cd variability was not significantly
associated with MT variability in either organ. Cytosolic Cd in gills was rather low (0.68+0.36 ng mL™"), much
lower compared even to chub from weakly contaminated Sava River (2.9 ng mL™'; Dragun et al. 2007).

Cytosolic Cd in liver (19.4+11.6 ng mL™") was, on the other hand, higher compared to reports for the Sava River
chub (8+5 ng mL!; Podrug et al. 2009), but obviously still have not reached the level high enough to induce
additional MT synthesis.

3.3. Bacterial bioconcentration and parasitic infections

Bacterial bioconcentration frequency was the highest in the gills (Fig. 6a), with almost all studied fish infected
(80-100%). The spatial trend of bacterial bioconcentration intensity in gills was characterized by lower values at
oxygen poor upstream sampling area (Fig. 6¢). Compared to gills, lower bioconcentration frequency was
observed in the internal organs, same as previously reported for rainbow trout (Oncorhynchus mykiss) by
Kapetanovi¢ et al. (2005). The bacterial bioconcentration frequency in internal organs exhibited the following
decreasing trend: liver (17-80%) > spleen (0-60%) > kidney (0-40%) (Fig. 6b-d). Similarly, Pathak and Gopal
(2005) found higher bacterial load in liver than spleen, and the lowest values in the kidney of freshwater catfish
(Clarias batrachus). In addition, specific spatial distribution was observed for internal organs, especially for
liver, with increased bioconcentration frequency at the sampling site 2 (Fig. 6b). This spatial trend was even
more obvious in bioconcentration intensity of all internal organs. Generally the highest median numbers of
bacterial colonies were recorded for the chub from the sampling site 2 (Fig. 6f-h), indicating higher susceptibility
of internal organs to bacterial bioconcentration at the site affected by inorganic and faecal contamination. It is
known that soft tissues in massive organs of fish living in water contaminated by municipal sewage and
industrial effluent are more prone to bioconcentration of bacteria (Pathak and Gopal 2005). For example, Fattal
et al. (1993) reported bioconcentration of aquatic bacteria such as coliforms, streptococci and aeromonads in gut,
liver and muscles of tilapia fish grown in a sewage-contaminated pond. Such bioconcentration could finally lead
to incidence of infectious diseases among the aquatic fauna (Pathak and Gopal 2005). After exposure of fish to

pollutants, circulating levels of corticosteroids may increase, which could lead to immunological disruptions,
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such as reductions in leukocrit and in immunoglobulins (Soimasuo ef al. 1995; Khan et al. 1996). Such changes

can result in an increased susceptibility to pathogens, like bacteria (Septlveda ef al. 2004).

Similar to bacterial bioconcentration in internal organs, a connection with metal contaminated site was also
obvious for both frequency and abundance of parasitic infections. However, they exhibited opposite trends, with
the lowest values observed at the most contaminated sampling site 2 (Fig. 7a,b). Similar observation was also
made a year before, when the frequency of parasitic infections was also the lowest at the sampling site 2 (0%),
compared to the other sampling sites on the Sutla River (33-84%; Vardi¢ Smrzli¢, unpublished results). In
addition, in September 2009, only one species of intestinal parasites (Pomphorhynchus laevis) was detected in
the chub from the Sutla River, whereas a year before, one fish was additionally coinfected with Acanthocephalus
sp. (Vardi¢ Smrzli¢, unpublished results). Although certain parasites, particularly intestinal acanthocephalans of
fish, can accumulate heavy metals at concentrations that are orders of magnitude higher than those in the host
tissues or the environment (Sures et al., 1999), lower number of acanthocephalan parasites as well as lower
biodiversity was previously observed in association with increased water pollution. For example, Gelnar ef al.
(1996) found lower abundance of P. laevis at the organically polluted site in the Morava River, a tributary of the
river Danube. Galli ef al. (1998) also confirmed that P. laevis was restricted to unpolluted and slightly polluted
sites of four investigated rivers. Parasitic infections in fish depend on intermediate hosts,and P. laevis uses as its
intermediate host a gammarid species, which are known to be sensitive to pollution (Galli et al., 2001; Kennedy
2006). Therefore, contrast between metal tolerance of acanthocephalans and their reduced appearance at metal
contaminated sites could be explained by the sensitivity of their intermediate hosts to water pollution (Lafferty,

1997).

4. Conclusions

Although water quality of the Sutla River was defined as acceptable and indicated only moderate faecal, organic
and trace element contamination, assessment of general condition of European chub (S. cephalus) inhabiting this
river pointed to specific biological changes, which indicated increased stress due to unfavourable living
conditions. At the sites with continuously decreased oxygen saturation, several changes were observed.
Gonadosomatic and gill indices were increased, as a possible sign of some disturbance in reproductive cycle and
increased demands for oxygen, respectively. Fish condition was inferior, as seen from decreased Fulton
condition indices. Slight increases of MT levels in gills, and especially liver, were observed, as well as
prominently increased gill Zn concentrations, which could not be associated with increased metal exposure, but
rather to specific physiological changes. At the site additionally contaminated with metals and faecal bacteria,
increased susceptibility of internal organs to bacterial bioconcentration was observed. Contrary, frequency and
abundance of parasitic infections was the lowest at that site, which is a characteristic finding in metal
contaminated waters. In a conclusion, even weak and moderate contamination could cause disturbances in fish
health and condition, especially in the case of concurrent presence of several contaminants or physico-chemical

changes in the river water.
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Figure captions

Figure 1. The map of the Sutla River with marked sampling sites (1-5).

Figure 2. Biometric parameters of European chub caught in the Sutla River at five sampling sites: a) percentage
of females (presented as bars); b) chub age (presented as error bars, i.e. mean and standard deviation); ¢) chub
total body mass (presented as box plots). The boundaries of boxplot indicate 25" and 75™ percentiles; a line
within the box marks the median value; whiskers above and below the box indicate 10 and 90™ percentiles,
whereas dots indicate outliers. Differences among sites are indicated with different letters (a, b) (Kruskal-Wallis
One Way Analysis of Variance on Ranks, post hoc Dunn’s test). Number of samples per each site was 15, except

for age at the site 1 (n=14).

Figure 3. Biometric parameters of European chub caught in the Sutla River at five sampling sites: a) Fulton
condition index (FCI); b) gonadosomatic index of both females and males (GSI); ¢) organosomatic index for
gills; d) hepatosomatic index (HSI). The results are presented as box plots and compared, as described in the

caption of Figure 2. Number of samples per each site was 15, except for HSI at the site 2 (n=14).

Figure 4. The concentrations of metallothioneins (MT) and total cytosolic proteins (TP) in two organs of
European chub caught in the Sutla River at five sampling sites: a) MT in liver; b) MT in gills; ¢) TP in liver; d)
TP in gills. The results are presented as box plots and compared, as described in the caption of Figure 2. Number

of samples per each site was 15, except for MT and TP in liver at the site 1 (n=14).

Figure 5. The cytosolic concentrations of three metals in two organs of European chub caught in the Sutla River
at five sampling sites: a) Zn in liver; b) Zn in gills; ¢) Cu in liver; d) Cu in gills; e) Cd in liver; f) Cd in gills. The
results are presented as box plots and compared, as described in the caption of Figure 2. Number of samples per
each site was 15, except for Zn, Cu and Cd in liver at the sites 1, 3 and 5 (n=14), and Zn,Cu and Cd in gills at the
site 3 (n=14).

Figure 6. Bacterial bioconcentration in European chub caught in the Sutla River at five sampling sites expressed
as frequency in a) gills; b) liver; c) spleen; d) kidney, and intensity in e) gills; f) liver; g) spleen; h) kidney. The
results for frequency are presented as bars, whereas the results for intensity are presented as box plots and
compared, as described in the caption of Figure 2. Number of samples per each site was 5, except for the site 1

(n=6).

Figure 7. Data on a) frequency and b) abundance of infections with Pomphorhynchus laevis in the intestine of
European chub caught in the Sutla River at five sampling sites. The results for frequency are presented as bars,
whereas the results for abundance are presented as box plots and compared, as described in the caption of Figure

2. Number of samples per each site was 15.
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Table 1. The selected parameters indicating Sutla River water quality in September of 2009, at five
sampling sites (1 — Hum na Sutli; 2 — Donje Brezno; 3 — Kumrovec; 4 — Klanjec; 5 — Drenje
Brdovecko; Dragun et al. 2011).

Dissolve Total
Conductivi d Heterotroph coliforms Trace
. . Na K
ty oxygen/ ic bacteria / /e 1 /e 1 element
/uSem? % (mg /cfumL! MPN/100 M8 He s
L) mL
51.2 14204+£38 3839+15.
+ +
1 526.0 (4.57) 20000£5657  7814+£542 6 7 low
53.7 15739431 89435466 1078343 increase
+
2 976.0 (5.06) 24000+1414 04 ) 30 d
3 569.5 91 55004090 30754272 1498937 3BAZEID
(9.01) 1 3
91.7 11699+£12  3446+15
+ +
4 560.0 (8.85) 4650+71 5631+598 3 1 low
86.6 11763+£28  3742+10
+ +
5 559.5 (7.06) 7000+£2828  2305+447 6 7 low
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Table 2. The comparison of several parameters (medians) determined for European chub caught
at upstream and downstream sections of the Sutla River (upstream sampling area: Hum na Sutli
and Donje Brezno; downstream sampling area: Kumrovec, Klanjec and Drenje Brdovecko): FCI
(Fulton condition index), GSI (gonadosomatic index of both females and males), gill index, MT-
L/MT-G (metallothionein concentraton in liver/gills), TP-L/TP-G (total cytosolic protein
concentration in liver/gills), Cu-L/Zn-G (cytosolic metal concentration in liver/gills).

. MT- TP- TP- Cu- Zn-
_Fcr/ gspy Gl MLy Gl L/ Gl
n 3 o index /
g cm Yo /% mgg! W§ Mg mg  pug  ug
g-l g-l g-l mL-] mL-]
Upstream
sampling > 0939 239 130 1es 97 17920 167 '3°
arca
Downstrea
m sampling ‘5‘ 1.018 0.61  1.04 1231 1'555 1(;7' 858 1.11 125'9
area
. <0.00 <0.00 <0.00 <0.00 <0.0 <0.0 >0.0 <0.0 <0.0
p 1 1 1 1 5 1 5 1 5

? - number of samples (except for MT-L, TP-L and Cu-L at upstream sampling area, n=29; and
Cu-L and Zn-G at downstream sampling area, n= 43 and 44, respectively)

b _ the level of significance (p) for observed differences (Mann-Whitney Rank Sum Test)
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Table 3. Spatial variability of three biometric parameters (medians): Fulton condition
index (FCI) distinguished by chub sex, and gonadosomatic index (GSI) and hepatosomatic
index (HSI) distinguished by chub age.

FCI/gcm? GSI/ % HSI/ %
Females  Males 1-2year 3-4year 1-2year 3-4year
Site 1 40.946 - 42.66 a2.89 ab1 31 1.12
Site 2 40.967 40.921 a1.52 abp 27 41.56 1.57
Site 3 40.982 - b 71 b 98 b1 .49 1.00
Site4  *°1.018  °0.961 °0.58 °0.75 ®1.05 1.00
Site 5 ®1.095 - °0.47 °0.58 +b1.12 1.10

abdifferent letters indicate statistically significant differences between sites (p<0.05)
(Kruskal-Wallis One Way Analysis of Variance on Ranks with post-hoc Dunn's test or
Mann-Whitney Rank Sum Test)
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Table 4. Multiple regression model for MTs (mg g™, wet mass) as dependent variable for
chub liver (n= 75; R=0.611; adjusted R>=0.347; p<0.001) and for chub gills (n= 75;
R=0.735; adjusted R>=0.520; p<0.001); analysis was performed on standardized values
using Forward Stepwise Regression, with the following independent variables: total chub
mass (g), hepatosomatic index (HSI, %), gill organosomatic index (%), Fulton condition
index (FCI, g cm™), gonadosomatic index (GSI, %), total cytosolic proteins in liver/gills
(TP-L/TP-G), cytosolic Zn in liver/gills (Zn-L/Zn-G), cytosolic Cu in liver/gills (Cu-
L/Cu-G) and cytosolic Cd in liver/gills (Cd-L/Cd-G). Coefficients are presented for the

independent variables that exhibited the strongest association with MT level.

Liver Gills
:::g’lfllelgent Coefficients P ?::g’lfllelgent Coefficients P
GSI 0.330 <0.01 TP-G 0.533 <0.001
Cu-L 0.267 <0.05 Gill index 0.200 <0.05
TP-L 0.193  <0.05 Zn-G 0.194 <0.05
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