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Introduction
The organisms in aquatic ecosystems are usually ex-
posed to mixtures of toxicants in low concentrations 
and it is difficult to predict adverse effects when 
information is obtained exclusively from chemical 
analyses (Quesada Garcia et al. 2013). Normally, 
physicochemical analyses show water quality at the 
time of sampling, while the changes in the body of 
hydrobionts are a result of long-term effects from 

the influence of toxicants. Physicochemical analyses 
often cannot detect sporadic effusions from indus-
trial enterprises, even those with high concentrations 
of toxicants. This highlights the need to develop 
parallel methodologies for assessing the quality of 
the environment through using reliable biomarkers 
(Messina et al. 2014, Aliko et al. 2015, Faggio et 
al. 2016, Pagano et al. 2016).
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Abstract:  Basic morphological, physiological and haematological parameters adult, sexually mature individuals of 
Carrasius gibelio were studied  in three water basins in Southern Bulgaria. Two of them are situated in the re-
gion of the town of Galabovo: the Sazliyka River, near the sluice gates, where water is diverted to TPS Brikel 
(site A) and the Rozov Kladenets Reservoir (site B). The third site, the Vacha River (site C), is less disrupted 
(conventional control). In C. gibelio specimens inhabiting site A the lowest values of standard length (18.04 
cm), body weight (121.27 g) and condition factor (2.06) and high values of spleen-somatic index (0.37) and 
ren-somatic index (0.59) were measured. All of the haematological parameters, except PCV (0.27 l/L) and 
MCH (83.19 pg), in individuals inhabiting site A (RBC – 1.327 х 1012/L, WBC – 2923 N/mm3, Hb – 10.91 
g/dL, MCHC – 408.85 g/L and MCV – 208.62 fL) were significantly different when compared to the speci-
mens from the other two sites: site B (RBC – 1.113 х 1012/L, WBC – 2100 N/mm3, Hb – 9.01 g/dL, MCHC 
– 353.58 g/L and MCV – 239.62 fL) and site C (RBC – 1.116 х 1012/L, WBC – 2183 N/mm3, Hb – 9.32 g/dL, 
MCHC – 359.21 g/L and MCV – 249.31 fL). The changes in the differential blood count of specimens of C. 
gibelio from site A were characterised by neutrophilia (28.91%), eosinophilia (0.91%), monocytosis (5.41%) 
and lymphocytopenia (64.77%). These contrasted to the results observed for the other two populations, 
inhabiting sites B and C: neutrophils – 6.07% / 5.87%, eosinophils – 0.67% / 0.63%, monocytes – 2.45% / 
2.77% and lymphocytes – 90.81% / 90.73%, respectively. This changes indicated intensive stress, caused by 
the industrial pollutants released (sporadic effusions) in the Sazliyka River from TPS Brikel.
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Fish are poikilothermic ectotherms animals and 
it is hard to define normal values and range of vari-
ation for haematological parameters, due to the lack 
of standardised collecting and measuring techniques 
(Silveira-Coffigny et al. 2004, Faggio et al. 2013). 
Nevertheless, currently haematological evaluations 
gradually are becoming a routine practice for deter-
mining health status in fish (Cazenave et al. 2005, 
Fazio et al. 2012, Valon et al. 2012, Bartoskova 
et al. 2013). Analysis of the haematological pro-
file of a fish enables identification of external and 
internal stress factors and prediction of changes in 
health status of the individual (Harris & Bird 2000, 
Witeska 2005, Fazio et al. 2014, Faggio et al. 
2014). Haematological parameters are recognised as 
secondary stress indicators (Wedemeyer et al. 1990, 
Davis et al. 2004, Fazio et al. 2013).

Currently, freshwater fishes of the genus 
Carassius (Cypriniformes: Cyprinidae), including 
goldfish, crucian carp and Japanese crucian carp, are 
widely distributed in Eurasia (Takada et al. 2010). 
The silver Prussian carp (or Gibel carp) Carassius 
gibelio (Bloch, 1882) can live in an environment 
with low oxygen content, variable temperatures and 
high levels of anthropogenic pollution (Kottelat & 
Freyhof 2007). The ability of C. gibelio to adapt 
and survive in polluted basins makes the species 
appropriate to use as a bioindicator for pollutions 
(Falfushynska et al. 2010, 2011).

The Sazliyka River is one of most polluted 
rivers in Bulgaria. During the period 2009–2012 

we conducted morphological analysis of C. gibelio 
populations, inhabiting Sazliyka River and Rozov 
Kladenets Reservoir (Zhelev et al. 2015a, 2015b). 
The current work presents the results of haema-
tological and morphological analyses of C. gibe-
lio populations from the two water bodies, near the 
town of Galabovo (a site subjected to sporadic ef-
fusions of contaminated industrial wastewater from 
TPS Brikel). The purpose of the study was to indi-
cate that the value changes in basic morpho-physio-
logical and haematological parameters in C. gibelio 
from the Sazliyka River were due to “this sporadic 
effusions”. This would give more options this fish 
species, which is quite resistant to anthropogenic 
pollution, to be used for defining in water basins 
the levels of pollution, caused by sporadic effusions 
of contaminated industrial wastewater. This would 
also allow assessing the negative effects of industrial 
wastewater on water basins and their biota, in paral-
lel and independently of the routine physicochemi-
cal analyses. Often, due to a discrepancy in time, the 
latter are not able to identify the increased concen-
trations of toxicants (higher at the time of flowing) 
in the basin, which precludes obtaining an objective 
picture of the actual state of the environment.

Materials and Methods
Study Area
The study was performed in three water basins in the 
southern part of Bulgaria: the Sazliyka and Vacha 
Rivers and the Rozov Kladenets Reservoir (Fig. 1). 

Fig. 1. Geographical location of the studied sites. The map was prepared using the Geographic information system. 
Legend: Sites: A – the Sazliyka River north of the town of Galabovo (under the sluices forcing the river to lead part of 
its flow towards TPS Brikel); B – the Rozov Kladenets Reservoir; C – the Vacha River.
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The Sazliyka River (145.4 km total length from the 
spring to the estuary) is a left tributary of the Maritsa 
River that flows through the Thracian Valley and the 
coal-mining complex Maritsa Iztok. Part of its wa-
ter is used for industrial purposes; it is diverted to 
TPS Brikel and then it enters the Rozov Kladenets 
Reservoir (3.6 km2). The Vacha river (112 km total 
length from the spring to the estuary) is a right tribu-
tary of the Maritsa River.

Fish sampling
The samples for our study were collected in the 
autumn of 2011 at three sampling sites: Site A – 
the Sazliyka River north of the town of Galabovo 
(42°16’26.19”N, 25°90’19.52”E, 100 m a.s.l.), Site 
B – the Rozov Kladenets Reservoir (42°13’83.85”N, 
25°91’80.07”E, 110 m a.s.l.); Site C – the Vacha 
River (42°03’23.01”N, 24°47’08.74”E, 180 m 
a.s.l.). The ichthyological material was collected in 
October (Site A: 7th October; Site B: 11th October; 
Site C: 2nd October). The fishing was done with a 
fishing rod (permission certificate G/917754 issued 
on the 30 of June 2011 by the Executive Agency for 
Fisheries and Aquaculture, Republic of Bulgaria). 
Immediately upon collection, the fish were trans-
ported to the lab in containers full of water from the 
respective site, using permanent aeration. All analy-
ses were done on the same day. The Ethics Board 
for Experimental Animals, Faculty of Biology at 
Plovdiv University, approved the way the animals 
were handled and the methodology. All experiments 
were conducted in accordance with the national and 
international guidelines of the European Parliament 
and the Council for the Protection of Animals used 
for Scientific Purposes (Directive 2010/63/EU).

The fish caught at site A (45) were only female. 
Among the fish caught at site B out of 53 only six 
were male and among the fish caught at site C out 
of 47 specimens only ten were male. A selection of 
30 fish from each site, all being of the same age, 
(3+) and the same sex (all female), were used in the 
analyses.

Data from physicochemical analysis of the water 
in the studied sites
Monitoring and control of the Sazliyka and Vacha 
Rivers and Rozov Kladenets Reservoir surface 
water is performed by the National System for 
Environmental Monitoring (NSEM). The Sazliyka 
River is polluted mostly with domestic and industrial 
wastewater from the Stara Zagora and Nova Zagora 
Towns (see Zhelev et al. 2015a, 2015b, 2016). The 
wastewater from the processes in the sedimentation 
lake of TPS Brikel flow into the lower course of 

the river, north of the town of Gаlabovo. Just after 
the sluices of Sazliyka River, which carries off wa-
ter into the two thermal power stations, there is a 
pipe from TPS Brikel and wastewater is discharged, 
causing sporadic effusions of contaminated indus-
trial wastewater to come into the river. The Rozov 
Kladenets Reservoir has been built for the purposes 
of the neighbouring TPS Brikel and AES Galabovo, 
where lignite coal is burnt. Industrial effluents, that 
are used to cool the turbines, enter the dam; it is in 
direct connection with the Sazliyka and Sokolitsa 
Rivers. The degree of pollution at sites A and B, and 
the nature of the pollutants have been determined on 
the basis of the data from the annual report of the 
Executive Environment Agency (http://eea.govern-
ment.bg) on the condition of the environment (wa-
ters) in the Republic of Bulgaria for 2001–2012, 
and the data from the physical and chemical anal-
ysis of the water in the Sazliyka River and Rozov 
Kladenets Reservoir for 2011 from the reports by 
the Directorate for Water Management-East Aegean 
Region (http://www.bg-ibr.org) – Table 1. According 
to these data, the water in the Vacha River is clean 
and meets the requirements for the best category ac-
cording to the Bulgarian legislation (Table 1).

Morphological analysis
Specimens were measured (SL: from the anterior-
most point of the snout or upper lip to the base of 
the median caudal rays) to the nearest 1 mm and 
weighed (total weight) to the nearest 0.1 g. BW was 
estimated using a digital weighing balance (KERN 
EMB 600–2, Germany). Scales were used for age 
estimation. They were taken from the left side of the 
fish, above the lateral line, near the dorsal fin and 
stored in 33% ethanol. The preparations were exam-
ined using an Olympus SZ51 stereomicroscope. The 
health of the fish in this study was calculated: CF = 
(BW g / SL3 cm) x 102 according to Pauly (1983). 
After the fishes had been euthanised by dipping them 
into 0.5% MS–222 solution, we removed the spleen 
and kidney and dried them with filter paper and 
weighed them on electronic weighing scales with 
an accuracy of 0.001g. Using the formula: Organ 
weight (g) / BW (g) x 100, we calculated the follow-
ing indices: SSI and RSI.

Haematological analysis
The blood was taken through a cardiac ventricular 
puncture, using a small heparinised needle (20 mm 
length). All haematological analyses were performed 
according to the techniques described by Pavlov et 
al. (1980) and presented in our previous work with 
this fish species (see Zhelev et al. 2016).
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Statistical analysis
The morphological and haematological data were 
analysed with a one-way analysis of variance (one-
way ANOVA, LSD post-hoc test). Due to the un-
equal variance between the groups in some cases, 
the analysis was performed using Welch-ANOVA 
method. Data are given as Mean±SEM, a Min–Max. 
Differences were accepted as significant at the 95% 
level of confidence (P < 0.05). The relationship be-
tween the water quality data (physical and chemical 
data) and the studied morphological and haemato-
logical parameters of C. gibelio specimens from the 
three compared sites were assessed using a Principal 
Component Analysis – PCA. The ability of the stud-
ied morphological and haematological parameters to 
correctly discriminate between the individuals from 
the three biotopes and, hence, their relevance as 
bioindicators was analysed using multinomial logis-
tic regression models. All statistical analysis of the 
data were carried out using R – 3.1.2 software.

Abbreviations
SL: Standard Length; BW: Body Weight; CF: 
Condition Factor; SSI: Spleen-Somatic Index; RSI: 
Ren-Somatic Index; RBC: Erythrocyte Count, WBC: 

Leukocyte Count, Hb: Haemoglobin Concentration, 
PCV: Packed Cell Volume (Haematocrit Value), 
MCH: Mean Corpuscular Haemoglobin, MCHC: 
Mean Corpuscular Haemoglobin Concentration, 
MCV: Mean Corpuscular Volume.

Results
Results from ANOVA of the values of morphologi-
cal and haematological parameters of C. gibelio 
specimens from three investigated sites in Southern 
Bulgaria are presented in Tables 2 and 3. For con-
venience of comments, each population that inhabits 
the respective sites (A, B, C) has the same condi-
tional name: P-A, P-B and P-C.

Morpho-physiological parameters: The param-
eters SL (F2, 56.681 = 3.498, P = 0.036), BW (F2, 55.821 = 
23.375, P = 4.22e-008) and CF (F2, 57.963 = 17.796, P = 
9.43e-007) had significantly lower values in fish from 
site A. There were no statistically significant differ-
ence between fish from site B and fish from site C 
(P > 0.05). The parameters: SSI (F2, 47.867 = 451.761, 
P = 2.20e-016) and RSI (F2, 54.858 = 215.78, P = 2.20e-

016) had significantly higher levels in fish from site A 
than those from sites B and C. There were no signifi-

Table 1. Recent data on the status of water at the studied sites at the time of the study (surface water sample).

Parameters

Units
Regulation №7/8.8.1986 Sites

Category 2011

SI I II III
Site A Site B Site C

October Mean 
annual

Octo-
ber

Mean 
annual

Octo-
ber

Mean 
annual

pH pH units 6.5‒8.5 6.0‒8.5 6.0‒9.0 7.7 7.81 7.9 8.19 8.2 8.44

Temperature °C to 3° middle of the season 15 14.9 16 16.5 14 13.8

Insoluble substances mg/dm3 30 50 100 53.6* 56.5* 51.2* 62.4* 2.54 2.75

Electrical conductivity μS/cm 700 1300 1600 907 912 1172 1128 155.4 158

Dissolved oxygen mgO2/dm3 6 4 2 4.7 5.2 6.2 8.53 6.4 7.03

Oxygenation % 75 40 20 47.5 57 73 86.2 80.32 76.75
Biological oxygen demand 
BOD5

mgO2/dm3 5 15 25 16.2* 10.35 4.6 3.1 1.27 1.42

Chemical oxygen demand 
COD

mgO2/dm3 25 70 100 47.7 43.1 25.33 24.49 3.8 4.6

Ammonium nitrate (N-NH4) mg/dm3 0.1 2 5 0.316 0.349 0.286 0.355 0.037 0.044

Nitrogen nitrate (N-NO3) mg/dm3 5 10 20 2.18 1.97 1.74 1.93 0.211 0.242

Nitrogen nitrite (N-NO2) mg/dm3 0.002 0.04 0.06 0.137** 0.158** 0.071* 0.083** 0.003 0.004

Orthophosphates mg/dm3 0.2 1 2 0.471 0.72 0.322 0.301 0.029 0.035

Total nitrogen mg/dm3 1 5 10 5.2* 6.31* 1.3 1.89 0.249 0.227

Total hosphorus – as P mg/dm3 0.4 2 3 0.66 0.79 0.41 0.46 0.029 0.033

Sulphates (SO4
2-) mg/dm3 200 300 400 239 247 479.0* 484.0** 12.68 15.25

Legend: Categories: I (Clean), II (Slightly polluted), III (Moderately polluted); * – Above the admissible concentration 
limit for category II; ** ‒ above the admissible concentration limit for category III.
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cant differences, when comparing fish from the latter 
two sites (P > 0.05; Table 2).

Haematological parameters: The parameters 
RBC (F2, 57.789 = 11.521, P = 6.15e-005), WBC (F2, 

53.633= 41.629, P = 1.22e-011), Hb (F2, 54.226 = 8.957, P 
= 0.001), MCHC (F2, 53.082 = 4.576, P = 0.015), num-
ber of neutrophils (F2, 57.372 = 1566.2, P = 2.20e-016) 
and monocytes (F2, 57.901 = 90.46, P = 2.20e-016) had 
significantly higher levels in fish from site A than in 
fish from the other two sites. There were no statis-
tically significant differences between the values of 
those parameters when comparing fish from sites B 
and C. The parameters MCV (F2, 56.915 = 6.468, P = 
0.003) and lymphocytes (F2, 57.858 = 1554.4, P = 2.20e-

016) had the lowest values in fish from site A, which 
were significantly different compared to individuals 
from the other biotopes. The individuals from sites 
B and C did not show statistically significant differ-
ences concerning those parameters. There were no 
statistically significant differences in the values of the 
parameters: PCV, MCH and number of eosinophils in 
the fish from the three sites (P > 0.05; Tables 3 and 4).

Multivariate statistical analysis: To analyse 
the relationships between the studied variables and 
their relationships with the environmental factors, 
we performed a PCA using the collected biological 
data and the physicochemical data from the three 
sites. The resulting first two principal components 
explained about 71% of the variation in the studied 
parameters and environmental factors (Fig. 2).

One haematological together with three phys-
icochemical, and to a lesser extent, two morphologi-

cal parameters showed a positive contribution to the 
first axis PC1. Most strongly positively correlated 
with this axis were: pH (0.234), oxygenation (0.234), 
dissolved oxygen (0.228) and the number of lympho-
cytes (0.217). The parameters that were most strongly 
negatively correlated with this axis were most of the 
environmental factors, such as chemical oxygen de-
mand COD (-0.238), nitrogen nitrite N-NO2 (-0.238), 
biological oxygen demand at the fifth day BOD5 
(-0.234), total nitrogen (-0.234), total phosphorus as P 
(-0.234), three of the biological parameters – number 
of neutrophils (-0.218), SSI (-0.216) and RSI (-0.211). 
Only the environmental factors had a significant con-
tribution to PC 2 (Factor 2). The parameters that were 
most strongly correlated to this axis were: sulphates 
(SO4

2+) (0.411), temperature (0.408), electrical con-
ductivity (0.348), insoluble substances (0.254) and 
ammonium nitrate N-NH4 (0.233). WBC (-0.208), Hb 
(-0.194) and the number of monocytes (-0.183) had 
the biggest contribution to that axis, among the stud-
ied biological parameters. In order to assess the ap-
plicability of the studied haematological and morpho-
logical parameters of C. gibelio as bioindicators of an-
thropogenic pollution of water habitats, we performed 
a classification analysis using multinomial logistic 
regression. Five predictors were used in the model: 
lymphocytes and monocytes numbers, Hb, MCHC 
and CF. These parameters were chosen, because they 
had shown to be most discriminative among the habi-
tats, in the PCA biplot analysis (Fig. 2). The model 
classified correctly all of the individuals (30) from 
habitat A and 67 to 70% of the individuals from C and 

Table 2. Morpho-physiological parameters in the Carassius gibelio specimens from the studied sites in Southern Bul-
garia with ANOVA results for comparison between sites.

Parameters

Sites Comparisons

Site A (n=30) Site B (n=30) Site C (n=30)
ANOVA

Mean±SEM; (Min–Max)

SL (cm)
18.04±0.13 18.51±0.18 18.50±0.16

A < B = C*
(16.80–19.60) (16.80–20.60) (16.90–21.10)

BW (g)
121.27±2.28 142.03±3.82 144.15±2.84

A < B = C***
(91.80–146.80) (109.60–181.30) (115.20–181.20)

CF
2.06±0.03 2.23±0.03 2.28±0.03

A < B = C***
(1.71–2.35) (2.03–2.68) (1.93–2.59)

SSI
0.37±0.0 0.24±0.0 0.24±0.0

A > B = C***
(0.33–0.42) (0.21–0.28) (0.22–0.25)

RSI
0.59±0.01 0.41±0.0 0.40±0.0

A > B = C***
(0.51–0.69) (0.37–0.46) (0.36–0.45)

Legend: SL: Standard Length; BW: Body Weight; CF: Condition Factor; SSI: Spleen-Somatic Index; RSI: Ren-Somat-
ic Index; the signs > and < compare mean values of the parameters; n: number of individuals.
Significance codes: *P < 0.05; ***P < 0.001.
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Table 3. Haematological parameters in the Carassius gibelio specimens from the studied sites in Southern Bulgaria 
with ANOVA results for comparison between sites.

Parameters

Sites Comparisons

Site A (n=30) Site B (n=30) Site C (n=30)
ANOVA

Mean±SEM; (Min–Max)

RBC (х 1012/L)
1.327±0.37 1.113±0.32 1.116±0.33

A > B = C***
(0.870–1.700) (0.890–1.500) (0.910–1.500)

WBC (N/mm3)
2923±83.14 2100±34.24 2183±43.7

A > B = C***
(2000–3400) (1700–2400) (1700–2600)

Hb (g/dL)
10.91±4.11 9.01±1.82 9.32±2.21

A > B = C***
(6.91–14.43) (7.31–11.92) (7.21–12.84)

PCV (l/L)
0.27±0.01 0.26±0.01 0.26±0.01

A = B = C ns
(0.21–0.32) (0.19–0.31) (0.18–0.32)

MCH (pg)
83.19±2.66 85.39±2.71 89.24±3.04

A = B = C ns
(46.61–110.99) (58.75–114.63) (56.28–120.77)

MCHC (g/L)
408.85±16.84 353.58±6.89 359.21±9.59

A > B = C**
(222.17–576.64) (302.65–445.91) (262.91–476.57)

MCV (fL)
208.62±7.41 239.62±7.81 249.31±10.58

A < B = C***
(148.07–345.33) (162.58–308.33) (147.33–352.78)

Legend: RBC: erythrocyte count; WBC: leukocyte count; Hb: haemoglobin concentration; PCV: packed cell volume; 
MCH: mean corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin concentration; MCV: mean corpuscu-
lar volume; the signs > and < compare mean values of the parameters; n: number of individuals.
Significance codes: **P < 0.01; ***P < 0.001; ns P > 0.05.

Fig. 2. Correlations between water quality data and morpho-physiological and haematological parameters of the Caras-
sius gibelio specimens (factor loadings) from the three studied sites to the first two main axes. The length of the arrow 
is proportional to the rate of change; a long arrow indicates a large change and that the change is strongly correlated 
with the ordination axes. Legend: P-A: population from site: A – the Sazliyka River north of the town of Galabovo 
(under the sluices forcing the river to lead part of its flow towards TPS Brikel); P-B: population from site B – the Rozov 
Kladenets Reservoir; P-C: population from site C – the Vacha River.
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B, respectively. The model had an overall accuracy of 
78.9% (correctly, in the groups to which they belong) 
and a precision (Kappa coefficient value) of 0.68.

Discussion
Studies on the conditions of fish showing that 
they are negatively influenced by environmen-
tal contaminants have been reported by Adams et 
al. (1996), Jenkins (2004) and Shobikhuliatul 
(2013). Carassius gibelio is a dominant species in 
the downstream parts of the Sazliyka River (Zhelev 
et al. 2015a, 2015b). Probably due to gynogenesis, 
its populations in that part of the river consist pre-
dominantly of female individuals, while in Rozov 
Kladenets Reservoir there are a high percentage of 
male individuals (Zhelev et al. 2015b). It is known 
that in polluted environment, in presence of toxi-
cants and low oxygen levels, C. gibelio has a slower 
development, leading to its degenerative form C. gi-
belio m. humilis (Karapetkova, Zhivkov 2010). In 
a previous study in the Sazliyka River (Zhelev et 
al. 2016), in the region of town of Radnevo, which 
suffers from anthropogenic pollution, we did not find 
a delay in growth and development of the female 
individuals (SL = 18.15±0.24, BW = 126.24±4.45, 
CF = 2.095±0.03), as compared to the results from 
the relatively not polluted region of the Rakitnitsa 
Village (SL = 18.23±0.21, BW = 131.25±2.66, 
CF = 2.176±0.04). Although the values of BW 
(115.42±3.42) and CF (1.892±0.02) were low in in-
dividuals inhabiting the Topolnitsa River polluted 

with heavy metals (Zhelev et al. 2016), in this study, 
the individuals inhabiting the most heavily polluted 
biotope (site A) had significantly lower values of 
the parameters SL, BW and CF in comparison with 
those inhabiting the other two sites. Also they were 
lower than those measured in C. gibelio from the re-
gion of the town of Radnevo situated about 35 km 
upstream from site A (Zhelev et al. 2016).

The analysis of the haematological parameters 
provided information about the changes of the hae-
matological profiles of the C. gibelio specimens in-
habiting the two sites near the town of Galabovo. 
The changes in the blood parameters of individu-
als from site A were manifested by erythrocytosis, 
leukocytosis and hyperchromia. The changes in the 
differential blood count were characterised by neu-
trophilia, eosinophilia, monocytosis and lympho-
cytopenia. The haematological profile of the indi-
viduals from site B (despite its connection with the 
Sazliyka River) did not show significant difference 
from the profile of the individuals from the control 
biotope – site C. The changes in haematological pa-
rameters of the fish from site A closely resembled 
these detected in a previous study of ours, in the 
region of the town of Radnevo (Zhelev et al. 2016), 
but there was an important difference. The ratios 
of neutrophils to lymphocytes (N: L ratios) in the 
blood of C. gibelio in the region of Radnevo Town 
was 10.96±0.344: 84.30±0.381, while in fish from 
site A it was 28.91±0.35: 64.77±0.39. The number 
of the Neutrophils in P-A was also higher, when 
compared to C. gibelio from the Topolnitsa River 
(15.63±0.378), polluted with heavy metals (Zhelev 
et al. 2016). Possible reasons for the observed dif-
ferences could be the pollutants in the Sazliyka 
River, as reported by the Basin Directorate for 
Water Management in the Eastern Aegean Region 
– Plovdiv, and the uncontrolled sporadic effusions 
from TPS Brikel as well. Between site A and that 
near Radnevo there are no significant differences in 
the types and quantities of toxicant (see Zhelev et 
al. 2016). As explained in the section material and 
methods, there is a pipe discharging wastewater 
from TPS Brickel in the area of site A; the chemical 
composition of this water is unknown and hard to be 
tracked. The fish from site A are constantly isolated 
from the upstream part of the river by sluices which 
are opened only during freshets, but due to the 
strong current it is impossible for the fish to move 
upstream. For that reason we can conclude that the 
fish inhabiting site A are subjected to a great stress.

The high ratios of neutrophils to lymphocytes in 
blood samples reliably indicate high glucocorticoid 
levels (Burgos-Aceves et al. 2016). Neutrophils are 

Table 4. Differential leukocyte count (N/100 WBC) in 
the Carassius gibelio specimens from the studied sites in 
Southern Bulgaria with ANOVA results for comparison 
between sites.

Parameters

Sites Compa-
risons

Site A 
(n=30)

Site B 
(n=30)

Site C 
(n=30) ANOVA

Mean±SEM; (Min–Max)

Neutrophils
28.91±0.35 6.07±0.27 5.87±0.31 A > B = 

C***(25–32) (3–9) (3–9)

Eosinophils
0.91±0.12 0.67±0.15 0.63±0.12 A = B = 

C ns(0–2) (0–3) (0–2)

Monocytes
5.41±0.17 2.45±0.17 2.77±0.16 A > B = 

C***(4–7) (1–4) (1–4)

Lymphocytes
64.77±0.39 90.81±0.35 90.73±0.35 A < B = 

C***(61–69) (87–95) (87–93)

Legend: The signs > and < compare mean values of the 
parameters; n: number of individuals.
Significance codes: ***P < 0.001; ns P > 0.05.
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the primary phagocytic leukocytes, and proliferate in 
circulation in response to infections, inflammation 
and stress (Brozio, Litzbarski 1977, Thrall 2004, 
Lauriano et al. 2016). Lymphocytes are involved in 
a variety of immunological functions, such as immu-
noglobulin production and modulation of the immune 
defence (Pulsford еt al. 1994, Campbell 1996). 
According to Davis et al. (2004), the close relation-
ship between stress hormones and N: L ratio need to 
be highlighted more prominently in haematological 
assessments of stress, as it aids the interpretation of 
results. Acute stress induces both neutrophilia and 
lymphopenia in fish when the animals are exposed 
to heavy metals in laboratory conditions (Witeska 
2005), or inhabiting polluted natural biotopes 
(Larsson et al. 1980, Misra et al. 2006, Valon et al. 
2012). In this study the levels of “stress hormones” 
were not assessed, but the high N: L ratios com-
bined with the high number of WBC and monocytes 
(long-living phagocytic cells, associated with defence 
against infections and bacteria), indicated that the in-
dividuals from site A were exposed to a severe stress.

The spleen and the thymus, but also the head and 
trunk of the kidney belong to the principal lympho-
myeloid tissues of the teleosts (Fänge 1986, Fazio еt 
al. 2015). The spleen as a secondary lymphatic and 
scavenging organ plays an important role in haema-
topoiesis, antigen degradation and antibody produc-
tion processes (Manning 1994). This organ is also 
known to act as an erythrocyte reservoir (Dalmo et 
al. 1997). A link between spleen size and fish condi-
tion was also previously documented (Piersma et al. 
1997). The spleen size of fish is widely used as a sim-
ple measurable immune parameter with a potential 
role in immune response against parasite infections 
(Rohlenová et al. 2011). The higher values of SSI 
and RSI in P-A could be associated with an increased 
haematopoiesis (high values of RBC, Hb and MCHC) 
in these individuals, as a result of hypoxia and an im-
mune response activation (high values of WBC, neu-
trophilia and monocytosis) due to the presence of 
toxicants in the environment and potential parasite 
invasions (eosinophilia amid general lymphocytope-
nia). Among the studied biological parameters RSI, 
SSI, neutrophils, lymphocytes, WBC and monocytes 
numbers had the strongest contribution to PC1. All of 
these parameters, except the lymphocytes number, had 
significantly higher values in P-A (Fig. 2) and were 
highly positively correlated with some environmental 
parameters such as BOD5, otal itrogen and to a lesser 
extent with COD and N-NO2. This shows that at site A 
the background pollution is identical with that of the 
Sazliyka River at the town of Radnevo (see Zhelev et 
al. 2016). Presumably, there should not be any signifi-

cant differences in the changes of morpho-physiolog-
ical and haematological parameters of the fish from 
them, with the same type of contaminants and similar 
levels of concentrations (see Zhelev et al. 2016 and 
Table 1) in the two parts of the river that are at more 
than 30 km of a distance. But our findings show that it 
is not so. In other words, the routine physicochemical 
analyses do not provide an objective picture of the en-
vironmental conditions at site A. In our view, the spo-
radic effusions of contaminated industrial wastewater 
from TPS Brikel have a great influence. The  catego-
risation of the Sazliyka River (III) near Galabovo sug-
gests its water could used for industrial needs, how-
ever, for us it is essential the inspection authorities in 
Bulgaria (Regional Inspectorate of Environment and 
Water (RIEW) – Stara Zagora and Basin Directorate 
for Water Management in the Eastern Aegean Region 
– Plovdiv) to control more strictly the contaminated 
industrial wastewater from TPS Brikel, especially 
during effusions.

Expectedly, the higher nitrogen levels at site A 
correlated negatively with the dissolved oxygen, as 
the anthropogenic nitrogen pollution is the main cul-
prit for the formation of hypoxic areas, such as the 
dead zone in the Mexican Gulf (Liu et al. 2010). The 
higher water oxygenation at sites B and C correlated 
with a higher number of lymphocytes and higher 
BW and CF. Furthermore, the positive correlation 
between the water oxygenation and the better envi-
ronmental conditions, higher BW, CF in local spe-
cies has been demonstrated by other authors as well 
(Jenkins 2004, Shobikhuliatul 2013, Stavrescu-
Bedivan et al. 2015).

The results obtained in this study for better phys-
iological health of the C. gibelio populations inhabit-
ing the Rozov Kladenets Reservoir (site B) as com-
pared with these inhabiting the Sazliyka River (site 
A) are supported by our previous results (Zhelev et 
al. 2015a). They include lower levels of fluctuating 
asymmetry of six morphologic traits for the fishes 
from this reservoir (site B) in comparison with the 
fishes inhabiting the Sazliyka River (site A). We think 
that the reason for the good physiological condition of 
the individuals from the Rozov Kladenets Reservoir 
is the bigger area of the basin, which allows for sedi-
mentation of the pollutants, and the connection of the 
reservoir with the Sokolitsa River.

Conclusions
The lowest values of morphological parameters SL, 
BW and CF in the specimens of C. gibelio, inhabit-
ing the site of the of Sazliyka River, near the sluice 
gates, where water is diverted to TPS Brikel (site A), 
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are indicators for disorders in growth and develop-
ment. The haematological profiles of specimens of 
C. gibelio from site A, such as the  erythrocytosis, 
leukocytosis and hyperchromia, differential blood 
count (high neutrophilia, eosinophilia, monocytosis 
and lymphocytopenia), combined with higher values 
of SSI and RSI are reliable indicators for an intensive 
stress caused by these sporadic effusions of contami-
nated industrial wastewater. The overall increase in 
WBC, high number of neutrophils and monocytes 
accompanied by a decline in the number of lympho-
cytes in the blood of C. gibelio can be a reliable in-
dicator for intensive stress caused by these sporadic 
effusions of contaminated industrial wastewater.
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