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ABSTRACT: Evaluation of environmental conditions by fish hem#ology

In the work are shown basic principles of applimatiof the haematological status in determination of
physiological status of fishes, also a review ofumber of research from this area is given. Omeqfahe
research includes analysis of parametres of heawitall status of the individuals in their natuhabitat,
while the other part is focused on the researcthe$e parametres in experimantal conditions based o
changes of some of the factors. Review includeneogtyte line parameters (erythrocyte number, heotwng|
concentration, hematocrit, MCV, MCH and MCHC) irfféient conditions in specie®arbus balcanicus
Sqalius cephalus, Thymallus thymallus, Oncorhynehyisiss, Carassius gibelio, Perca fluviatilis, Cyois
carpio.
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INTRODUCTION

Fishes make contact with environment, so the arsitgeto physical and chemical changes
in the environment, which can leat to changes aothlcomponents (WsoN and TAYLOR,
1993), but also hematological parameteres repraséitators of environmental status
(DEKIC et al., 2009).

Hematological status represents reliable meansdéecting physiological state of the
organism, and, indirectly, status of environmebgcause its parameters react to
environmental changesv@dNc and MLJANOVIC, 2001). The quantitative characters of the
red and white blood lines are used for detectimghthematological status, which provides
insight in a number of processes in the organisimd,ksed on analysis of different blood
components it can be judged about changes thateppecertain systems influenced by
external and internal factors. Determination of rawmlogical parameters and blood
plasma bichemisty is used for evaluation of healtvild and domestic animals. Values of
this parameters are usefull in interpretation csules which are conected to various
diseases and eco-environmental conditioEskS et al., 2005).

From there the haematological parameters are famhtas very precious tool for
controling fish health (AvArRes-Dias et al., 2008) and in interpretation certain
physiological response that are caused by ecologarameters {iANC et al., 1997). Also
these parameters give relevant informations durorgparative study of certain species in
differet habitats, and related species in the shatgtat (VANC et al., 1994). By Rowan
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(2007), haematological parameters are also widelgduindicators of stress in the
environment beacuse the values of erythrocyte eumbemoglobin concentration,
hematocrit, sedimentation rate, leukocyte numbend differential blood are good
indicators of presence of diseases or stressotbelsame time, by this author, changes in
blood variables are caused also as a result of@mental changes, precisely changes in
temperature, light, oxygen concentration and pioltut(RowanN, 2007). Importance of
haematology in fish diseases diagnosticsHIidAWA et al., 2008), for evaluation of
pollution influence and knowledge about environmaénbnditions (MIRAD et al.,1990) is
widely accepted, but for explaining blood analysisneeded knowledge about normal
values of blood parametergaNc et al., 2005) and reference range of certain paese
(HRuBEC et al., 2000).

MATERIAL AND METHODS

This study is based on a number of previous ingagtins on this subject made by the
authors.They are dedicated to hematology of sevéshl species under different
environmental conditions as well as laboratory expents conducted to analize effects of
a specific environmental factor on hematologicatapeeters. In all studies identical
methods were used for blood colection and estimawtd individual hematological
parameters. Hematological status was estimated hen Wasis of the following
hematological parameters: erythrocyte number (RB€oglobin concentration, packed
cell volume (PCV), mean corpuscular volume (MCV)ean corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin concentrafid@HC).

The involved 7 species chould be fisted subegventList of the 7 invesligated fish
species.

RESULTS

The results of all studies are organised and listespecies, type of environmental influence
or experimental factor on specefic hematologicabipeeters and presented in table 1 with
indication of significance of differences betweesams.

In the study of hematology of Large spot barlihrpus balcanicusin two streams of
different water quality Bxic (2010) found out that fish from the stream withasen
saprobic index (Jakotinska River) had significantligher values of hemoglobine
concentration, values of MCV and MCH, while indivals from Suturlija River, with
higher sapboric index value had significantly higleeythrocyte number. According to
conducted hidrobiological analysis, both analysedewcourse belong tB-mesosaprobic
category, but based on saprobity index the watan fRiver Jakotina has better quality.
Saprobity index of River Suturlija was 2.04, whiRever Jakotina has value 1.83, and
observed by seasons and months, values in Rivetidakhas often been in transit category
between two classes.

Such ratio of monitored parameters is related twr paater quality from Suturlija, which in
the Large spot barbel from this river cause presefihigher number of young, immature
erythrocyte forms and mature erythrocytes with ificemt lower hemoglobin
concentration, in circulation, that fish product response to environmental conditions.
Author concludes that poor water quality has twoysvampact on hematopoiesis. It
inhibited normal hemoglobin synthesis which resiaith lower MCH. On the other hand,
requirement for oxygen transport encouraged inecta®matopoiesis and increase young
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erythrocyte number in blood which is shown by higRRBC, and lower MCV. Such
statement is also indicated by size and shapeyttirecyte nucleus which is smaller and
with a slightly changed ellipsoid shape compareciythrocyte nucleus of individuals
from Jakotina river.

Presence of lower MCV cause lower MCH, and alsoelowalues of total hemoglobin.
Hematological responce to environmental conditiendifferent in different fish species.
In hematology research of European ch@gualius cephalysfrom the same Jakotina
River and more polluted Dragocaj River. Based aegmisation by Kol River Jakotina
belongs to Il class waters, while River Dragjobelongs to Il class waterBJURDJEVIC et
al., (2005) is concluded that this species in layalily streams also has higher values of
hemoglobin concentration, but lower MCV, and unlikk large spot barbel chub has
significantly higher MCHC but lower PCV in low qutgl water.

In Grayling, Thymallus thymallugorder Salmoniformes) hematology is monitored in
fishes from open water stream Krusnica and farndicimms (Cekic et al., 2009). It is very
indicative that Grayling inhabiting Krusnica Rivand those farmed at Martin brod
differed only in values of RBC and PCV which weigndicantly higher in fish living
under natural conditions of river habitat. Auth@e of the opinion that this was in
correlation with higher activity level, which is Weknown to greatly influence
hematological parameters of fisvANC et al., 1997a).

Beside parameters of hematological status whiche wecorded in individuals from two
habitats with different water quality, experimantasearches were also performed, where
during the experiment occured changes in some ef g@hvironmental factors. Such
researches are performed on carp and perch atrediffeexposure to water oxygen
saturation, also on Rainbow trout at different graywtemperatures, or on Prussian carp
with sharp changes in ambient temperature (Table 1)

Hematological parameters of Rainbow trout are nooed on individuals from the pond
and after that on individuals from the same poputatafter thirty day at different
ambiental temperatures, 9°C and 14°C. Comparafioecorded results from three gropus
of individuals of Rainbow trout in different ambtah conditions shows presence of
significant difference in most parameters. So,highest values of erythrocyte number are
recorded in individuals that were analysed direothythe fishpond and were significantly
different compared to values of individuals growwri4°C but not compared to individuals
at 9°C. Authors concluded that fish transport axjgeeimental treatment did not effect on
erythrocyte number, while increasing water tempeeatcaused increase of MCV and
decrease of erythrocyte number. This also reswi#dincrease in MCH. Opposite of the
erythrocyte number values of MCV shows significendrease with temperature increase,
and the difference is significant compare to indiidls from the fishpond, while in
comparison, values in experimental individuals shodifference on the border of
statistical significance.

Looking at total results of erythrocyte line paraens rof Rainbow trout from the fishpond
and experimental conditions can conclude that theseslighty difference between values
in individuals from fishponds and individuals groan9°C. Significantly higher difference
were recorded in comparison to values of the imlials form fishponds and individuals
grown at 14°C. Based on the results it is evidaat tn fishes grown at 14°C comes to
increase in MCV, which also cause higher hematoecalues although has lower
erythrocyte number. Also in this individualas aecarded slightly higher values of
hemoglobin concentration, and related to that, emlaf MCH in individuals grown at
14°C is higher, which probably represents adaptabio temperature increase and rate of
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physiological processes. Influence of ambientalprature increase on erythrocyte profile
was done in experimental conditions on Prussiap, €@arassius gibelio. Fish were kept in
aquaria at 10°C, for three weeks, and after thattémperature in one the aquaria was
raised gradually to 20°C in three days perio@Kio ET AL., 2011). Comparison of results
of erythrocyte parameters in Prussian carp whicls wemposed to different ambiental
temperatures shows presence of significant diffexem most of analysed parameters.

Table 1. Hematological parameters of several fishpgcies under different
environmental and experimental conditions

Environment | Parameter Hb PCV RBC MCV MCH MCHC
g/l I x10™| il pg g/l eryt.
Barbus balcanicus from an unpoluted (Jakotina) and poluted str urlija)

River AVG 74.59 0.437 1.099 398.5% 67.99 171.498
JakotinafQ) | STD 8.96 0.046 0.061 46.740 8.551 20.734
River AVG 67.48 0.411 1.148 359.08 58.80 165.79
Suturlija ) | STD 9.83 0.06 0.052 54.73 8.19 24.94
Sqalius cephalus from an unpoluted (Jakotina) and poluted stre@nagaiaj)

River AVG 75.02 0.423 1.464 289.59 51.39 182.93
JakotinafQ) | STD 7.78 0.068 1.59 43.37 6.36 39.51
River AVG 78.7G 0.393 1.484 265.36 53.67 205.3%
Dragaiaj B) | STD 7.97 0.068 2.04 37.44 7.01 35.64
Thymallus thymallus from river KruSnica and a fish farm

River AVG 69.21 0.47% 1.56F 306.92 44.43 145.40

KruSnica A) | STD 7.73 0.030 1.068 25.83 4.86 17.93
Farm Martin | AVG 61.81 0.429% 1.387 308.77 44.33 143.15
Brod B) STD 14.40 0.067 1.636 3171 8.46 20.54
Oncorhynchus mykiss from a fish farm and aquaria with two ambiemperatures
Farm @) AVG 41.20 0.334 0.894 364.58 ¢ 45.66 125.24
STD 12.52 0.058 0.144 60.65 12.27 33.84
Aquarium AVG 42.52 0.311 0.872 373.66°¢ 51.57 137.43
9°C B) STD 4.91 0.044 0.177 96.56 16.13 18.04
Aquarium | AVG 44.11 0.342 0.823 431.67F 55.24 129.35
14°C C) STD 7.22 0.043 0.151 98.79 13.78 22.19
Carassius gibelio control fish and fish exposed to short term terapee increase for 10°C
Aquarium | AVG 74.66 0.450 1.046 438.60 77.16 172.79

10°C STD 11.13 0.085 0.196 91.49 18.02 49.52
Aguarium | AVG 76.73 0.545 1.234 448.16 63.31 144.35

20°C STD 1.47 0.076 0.161 85.13 12.28 35.69

Perca fluviatilis from low (30 %) and high (90 %) gsaturated water

High AVG 67.76 0.326 1.597 212.55 43.12 206.45
saturation | STD 12.64 0.034 0.347 39.70 5.03 25.76

(A)

Low AVG 78.48 0.357 1.787 200.67 44.35 221.24
saturation | STD 6.79 0.040 0.207 15.77 5.08 22.10
30% @)

Cyprinus carpioin water with normal4) and low B) oxygen concentration
A AVG 49.08 0.23% 1.040 237.61 46.99 201.94
STD 20.00 0.061 0.374 45.62 6.37 33.66
B AVG 56.62 0.329% 1.314 251.38 4291 173.34
STD 15.46 0.084 0.266 40.20 6.07 27.82
Cyprinus carpiofrom three cage fams with different environmentaiditions
Novi Becej | AVG 63.52 0.366 1.422 252.50 43.82 174.82
(A) STD 4.66 0.039 0.066 28.02 2.68 13.20
Vrbas AVG 63.40 0.335 1.353 246.80 46.72 189.6%
(B) STD 13.48 0.070 0.243 29.26 5.83 13.27
Kovilj AVG 81.17P 0.420%F 1.679°F 251.09 48.79 194.18
© STD 11.21 0.050 0.206 24.41 7.85 23.56
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Mean values (AVG) of one parameter in the sameystnel marked with different letters in
superscript when they are significantly differesigfificance level at least 0.05).

So, in individulas which were exposed to tempemtncrease were recorded significantly
higher values of hematocrit and erythrocyte numiile values of MCH in this fishes is
singnificantly lower. Based on this results authomiclude that gradual temperature
increase encouraged hematopoiesis, which resubedigher proportion of young
erythrocyte in which hemoglobin synthesis is natisihed. Looking at parameters of
erythrocyte line in total in control and heat-tezhfishes it can be detected that in fishes
that were exposed to longterm termic stress vabfiesythrocyte number and hemtocrit
are increased. In the same time in this group dividualas are also recorded a slightly
higher values of hemoglobin concentration and M@Hile in control fishes are recorded
significantly higher values of MCH and slightly uak of MCHC.

Changes of hematological status are also recomléinie of acclimation of carp to the
water with low oxygen concetrationv@NC et al., 1996). Researches were performed on
fished kept in cages in natural habitats for twonthe at three locality with different
oxygen regime, and in experiment, after thirty dayposure to hipoxyc environment. In
carp blood are recorded changes common to botls typexposure (increase in RBC, Hb
concentration and PCV), also changes charactefaticertain exposure type. After three
days stay in water with low oxygen concentrationures increase in MCV, and after two
months of exposure to low oxygen concentrationfease of MCH and MCHC. Effort
spent for additinal erithropoiesis is probably afi¢he cause of poor growth is carp grown
in water with the most unforable oxygen regime.

These physiologic adaptation are recorded alscshes from other families. Researches of
IVANCA et al., (1997) show that in perch, in conditiorfsew the most part of the day in the
water is decreased oxygen concentration, occur@sges in blood which improve oxygen
transport efficiency. They goes in two ways: byreasing the number of circulatory
erythrocytes and by increasing the total hemoglabimcentration. These conditions do not
cause increase of MCH and MCHC.

Same authors showedvANC et al. 1994; 1995; 1997; 1997a) that in perchy,at&ironic
exposure to conditions of worse oxygen regime causease in MCV and MCHC values,
which was also noticed in carp in similar ambientaiditions.

Thereby it can be noticed that a short exposuranforable conditions does not cause
increase in MCH ans MCHC, while longer exposureseancrease.FECKNERet al (1989)
founded that in carps mature erythrocytes also sydnesize hemoglobin. Results with
short-term hypoxy show that primarily erythrocitenmber increase, and then hemoglobin
concentration. Certain increase of MCV shows, hakea possibilty that synthesis of
hemoglobin can be occured in mature erythrocyte.

CONCLUSIONS

Hematological status reflects good reaction of wisga on cahnges in environmental
conditions. They are manifested by increasing thenber of circulatory erythrocytes,
increasing total hemoglobin concentration in bleodl mean corpuscular volume. In short-
termed expositon to unforable conditions MCH ana@H®% is not increasing, while in long-
term exposition they do increase.
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