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Abstract: The aim of the study was to investigate serum electrolytes-sodium (Na), potassium (K), chloride (Cl),
Calcium (Ca), Magnesium (Mg) and phosphorus (P) in wild and captive Bluefin Tuna (BFT) in the Eastern
Mediterranean. For this purpose, 127 mdividual samples consisting of 62 wild and 65 farmed samples were
chosen. The wild fish was obtamned from Antalya Bay and the captives were taken from a tuna farm m Ildir Bay
(Tzmir) during the spring. The mean serum electrolyte levels of wilds were found to be as follows:
20984 mmol I.7', 9.84 mEq L7, 183.47 mmol .7, 7.49 mEq L7, 7.83 mg 100mI.~, 5.03 mg 100 mL.~". Analogous
data for the captive fish were detected as follows: 205.85mmol L™, 6.46 mEq L™, 180.45mmol L', 7.19mEqL ™",
6.68 mg 100mL ™", 3.32 mg 100 mL ™", In comparing the wild with the captive fish, the K, Mg and P differences
were significant, except for Na, Ca and CL (p<0.05). On the other hand in terms of gender, the mean serum
electrolyte levels of 30 wild and 30 captive individual female BFT were determined, respectively to be as follows:
Na, 205.58,201. 47 mmol L', K, 8.73,6.38 mHEq L, CL, 186.25,182.63mmol L '; Ca, 7.19, 6.71 mEqL ™, Mg, 5.92,
6.52 mg 100 mL ™", P, 4.43, 3.06 mg 100 mL~". In addition, these parameters for 32 wild and 35 captive male
specimens were detected, respectively to be as follows: Na, 214.09, 210.23 mmol 1.7 K, 10.95, 6.54 mEq L.~ CT,,
180.68, 178.27 mmol L™, Ca, 7.78, 7.67 mEqL™"; Mg, 8.47, 6.83 mg 100 mL.™"; P, 5.62, 3.58 mg 100 mL,™".
According to gender, the differences in K, Mg and P wild vs. captive female and wild vs. captive male
samples were significant (p<0.05). However, the Na, Cl and Ca differences were not significant between wild
and captive female and male specimens (p=0.05).
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INTRODUCTION

Tunas comprise seven species of migratory
endothermic fish and one of them, the genus Thunnus
thynnus is of great commercial value. Since the mid 1990s,
the Bluefin Tuna (BFT) trade in Mediterranean coastal
waters has developed substantially n order to achieve, a
greater fat percentage i the muscle which is considerably
desired in the sushi and sashimi markets in Japan and a
better price through not flooding the market in the brief
fishing period (June-July) (Ottolenghi, 2008; Percin and
Akyol, 2010a).

Generally, BFT are captured from the wild and are
transferred to floating cages. For 6-10 months, the fish are
fed with fresh or frozen food which consists
predominantly of sardines, mackerel, pilchard and mollusc.

At the end of this period, the BFT are harvested quickly,

chilled and exported to Japan. Thus several factors such
as food quality, stocking density, quantity, physical and
variables, contaminants and harvesting
techniques might affect the welfare and flesh quality of
fish. Especially during the farming process, the O,
consumption of BFT is increased because they are highly
active and fast growing mcreasmg ther weight by
25-35%. Hence, the impact of pamicking and stress in
cages leads to increased mortality rates on farms over
those in the wild by at least 10 or 15%. In other words,
cage confimng stress might lead to suppressing the

chemical

immune system, giving rise to metabolic and non-
metabolic diseases and mortality e.g., cardiovascular
diseases, renal impairments and liver diseases
(Leatherland and Woo, 1998, Brill and Bushnell, 2001,
Aguado-Gimenez and Garcia-Garcia, 2005; EFSA, 2009,
Percin and Alkyol, 201 0b).
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Although BFT is an important aquaculture fish
species, few diagnostic tools are available to assess the
health of individual fish. Clinical chemistry analyses are
not used extensively in fish medicine due to the lack of
reference intervals. However, they do provide valuable
information as the ammals do not have to be scarified to
obtain tissues for analyses (Stoskopf, 1993). Health
evaluation in warm-blooded vertebrates has
facilitated through the development of an extensive
database of normal blood chemistry values as well as by
an increased understanding of the causes for departures
from the norm. Normal ranges for several blood chemistry
variables have been established for some mainly cultured,

been

fish species (e.g., carp, salmon, trout, tilapia) but these are
rare as yet for bluefin tina (Hrubec and Smith, 2000;
Hariknishman et af, 2003; Thomas et al, 2003
Clarke et al., 2007).

The blood electrolytes which are sodium (Na),
potassium (K), Chloride (Cl), Caleium (Ca), Magnesium
(Mg) and Phosphorus (P) are commonly used to
determine the physiological characteristics, toxicity and
health status of fish. Monovalent ions namely, sodium
(Na"), potassium (K") and Chloride (C17) play an important
role in osmoregulation and homeostasis. In vertebrates,
the Na concentration in the extracellular fluid surpasses
that in the cytosol whereas K 18 higher m the mtracellular
fluid compared to the plasma. In fish, Na enters the gill
cells from the blood, co-transported with K and Cl and
driven by an electrochemical gradient favourable to Na. Cl
exits the apical portion of the cell through a channel that
15 very similar to the defective structure that produces
cystic fibrosis in animals. Na is transported back across
the basolateral membrane mnto the blood by Na/K
activated ATPase. Furthermore, the Na/K ratio 1s vital for
the ion permeability barriers in the cell membrane. CT. is
connected to an imbalance of acid-base regulation
(Evans, 1993).

One of the divalent 1ons, calctum (Ca™), serves a
number of functions in fish. It combines with phosphorus
(P) for the deposition of bone. Tt is possible that bone
serves as a reservorr of calcium for plasma and tissues.
Additionally, Ca appears to be important in the
reproduction and mitochondrnal functions. It 1s generally
recognized that Ca has an important role in
osmoregulation (Wurst and Stickney, 1989). Another
divalent 1on, magnesium (Mg++), serves as a cofactor of
phosphohydrolases and phosphotransferases.
Phosphorus plays important roles in growth and bone
mineralization and also in lipid and carbohydrate
metabolism. In addition to being a component of bone,
Mg occurs in many metalloenzymes and during Mg

deficiency many metabolic functions are affected eg.,
liver cirrhosis and renal caleinosis. Thus, the levels of
serum electrolytes offer important knowledge concerning
the health status of diseases of and impact of stress on
fish (Wurst and Stickney, 1989; Evans, 1993).

Consequently in the present study, the values of Na,
K, Cl, Ca, Mg and P which are considered as important
indicators of the health and physiological conditions of
BFT have been investigated in wild and captive and
female and male specimens.

MATERIALS AND METHODS

Sampling and experimental design: Wild BFT were
obtamed by purse seine from the Levantine Sea in the Bay
of Antalya. Captive BFT were taken from the cages of a
processing plant n Ildir Bay, Cesme-Izmir. The shape of
the cages was conical with a diameter of 50 m on the
surface and 30 m on the bottom and a depth of 30 m
(Percin and Konyalioglu, 2008). Stock densities were
supposed to be 4-6 kgm*/cages but mainly reach to & kgm’
with 2000-4000 fish/cage. The fattening period in the
cages was approximately 7-8 months. Fish were fed
ad libitum at approximately 8-10% of their average overall
body weight.

Generally, feedings occurred twice per day with
fresh or defrosted food fish such as herring (Clupea
harrengus), sardines (Sardina pilchardus, Sardinella
aurita), mackerel (Scomber scombrus) and squid (Sephia
officinalis). Most of the diet consists of sardines (30-50%)
and herring (30-40%), supplemented with lesser amounts
of mackerel (20-25%) and squid (10-15%). The mean daily
feeding rate was almost 17-18% and the food conversion
ratio was about 15:1-18:1. Both wild and captive
specimens were sampled from winter through spring. The
physical parameters of working areas were measured for
such elements as dissolved oxygen, temperature and
salinity by Oxyguard Handy Gamma (Oxyguard Int. A/S,
Denmarlk). Turbidity and pH values were determined using
a Secchi disk and a digital pH meter (Hanna Inst.,
Woonsocket, RT, USA).

The fork length, total weight and gender of the BFT
were determined. Wild specimens were captured by purse
seine and they were placed on the deck for 5-10 min. Later,
the BFT were bled and the blood samples were taken
using a vacutainer. After that the fish were gutted. The
divers restrained the captive fish by using a net m the
cages. Then the fish were caught and prepared for the
aforementioned analysis for an additional 5-10 min; no
anaesthetics or sedatives were used.
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Blood collection: Blood samples were taken from the
pectoral vein with a sterile vacutainer. Then they were
transferred to sterile tubes and clotted for a few minutes
(approximately 3-5 min) before the centnifugation. Later, all
blood samples were centrifuged at 3000 g (5000 rpm) for
5-7 min. Serum samples were transferred to other sterile
tubes and all of them were placed m CO, ice and
stored at -70°C until the analyses started.

Analyses methods: Before analyses, the frozen serum
samples were left at room temperature to thaw, then
mverted several times to mix. The samples for each
individual (specimens) were analyzed together in one
batch to avoid run to run variability for the following
analyses: sodium (Na), potassium (K), Chlonide (Cl),
Calcium (Ca), Magnesium (Mg) and Phosphorus (P). Ca,
Mg and P analyses were performed using a Synchron 1.X
20 blood chemistry analyzer (Beckmann Coulter, High
Wycombe, UK) with Beckmarn Coulter reagents. Na, K
and Cl analyses were measured with an lon-Selective
Electrodes method (ISE) using a Beckmann Synchron
EL-ISE Electrolyte System which consisted of a Universal
Diluent Electrolyte System and Umversal Reference
reagents by Beckmann Coulter (High Wycombe, UK).

Statistical analysis: The measurements of serum samples
were carried out in triplicate and all detected data were
subjected to statistical analysis. Range values were given.
Correction matrices were produced in order to examine the
inter-relationships between the investigated serum
electrolytes of the samples. The mean and Standard Error
(SE) values were determined and compared using the
student’s t-test. The mean differences of the serum
electrolytes were shown for the wild and captive and for
the female and male BFT and one-way Analysis Of
Variance (ANOVA) was performed on the available data.
Differences were considered significant at p<<0.05.

RESULTS AND DISCUSSION

Water-quality parameters: Both working areas of Tldir
Bay and Antalya Bay were measured for winter and early
summer temperatures, dissolved oxygen, saliuty, pH and
turbidity levels. About 10 samplings were carried out in
each area for each season. The range values of
temperature, dissolved oxygen and salinity around the
farmmg areas of Ildir Bay were determined as follows,
respectively: 16-19°C, 8.05-8.20% mg L' and 36.8-37.3%.
The same parameters around the Antalya Bay were found
tobe as follows, respectively: 19-22°C, 7.10-7.20% mg L7,
37.9-38.3%. The range values of pH were measured at
between 8.0 and 8.2 inIldir Bay and 7.8 and 8.0 in Antalya

Bay. The twbidity levels in both sampling areas were
between 14 and 16 and 26 and 28 m, respectively.
According to the results, the dissolved oxygen and pH
values were higher at Ildir Bay than at Antalya Bay while
the salinity and temperature were lower. Hence, the water
quality results were within the acceptable limits for
aquacultured areas such as farms for bluefin tuna and
other types of fish in Ildir Bay, Turkey and these areas did
not contain any pollutants.

Physical properties of fish: The fork length and weight of
62 wild and 65 fattened BFT were determined to be as
follows: 156.342.1 cm and 55.3+1.9 kg and 159.1+2.6 cm
and 58.7+2.2 kg, respectively. Among the wild BFT, 30 of
the samples were female (159.4+2.4 cm; 57.742.3 kg) and 32
of the samples were male (153.241.6 cm; 52.9+1.3 kg).
Among the fattened BFT, 30 of the samples were female
(160.242.5 cm; 59.942 .4 kg) and 35 of the samples were
male (158.042.2 cm; 57.542.1 kg). The wild and farmed BFT
were found to have nearly identical fork lengths and
weights. The fish were specifically harvested in order to
obtain specimens within a particular age class because
serum electrolyte levels might change with size and age.
Attempts were made to decrease the possibility of age
related differences in these measured parameters by
choosing samples of similar fork lengths and weights.
Hence in the study, the BFT were approximately 6-7 years
old (Cort, 1991; Percin and Akyol, 2009, Santamaria ef af.,
2009; Percin and Akyol, 2010a).

Serum electrolyte levels: All finding values are detailed
in the following tables: The serum electrolyte results for
the wild and captive fish are shown in Table 1; the serum
electrolyte results for the wild and captive female and
male BFT are shown in Table 2 and 3 and finally, the
significance of differences between the female and male
BFT is shown in Table 4.

According to Table 1, all serum electrolyte levels
were higher in wild BFT and K, Mg and P levels were
significant for captive BFT with the exception of Na, Cl
and Ca (p<0.05). Thus, K, Mg and P values are related
mainly to the cell metabolism and the metalloenzymes of
bone, renal impairment or growth hormone deficiency
(Stoskopf, 1993; Leatherland and Woo, 1998).

In addition, according to the tables that detail female
wild and captive BFT (Table 2 and 4), serum electrolyte
levels for wild females were higher. The differences for K,
Mg and P between wild and captive female specimens
were sigmificant with the exception of Na, Cl and Ca
(p=<<0.05). Similarly, among male shown in Table 3 and 4, all
of the measured parameters were higher in wild males but
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Table 1: Serum electrolyte levels of wild and fattened bluefin tuna

Parameters Wild (n:62) Range Captive (n:65) Range

Na mmol L™} 209.84+10.82 194.65-218.22 205.85+9.79 (NS) 189.33-217.30
K mEq L™ 9.84+2.160 5.92-14.300 6.46+£1.76% 5.16-8.2900
Clmmol L™ 183.47+£7.950 173.51-190.72 180.45+7.67 (NS) 166.83-191.57
CamEqL™! 7.49+1.540 5.71-9.2400 T.19+1.75 (N8) 5.47-9.0300
Mg mg 100 mL™ 7.83+£2.870 2.48-11.390 6.68+£1.79% 5.03-8.3200
Pmg 100 mL™! 5.03£1.010 1.93-9.5700 3.324£0.90% 1.57-6.6900
#p<0.05; NS: Not 8ignificant; n: number of samples

Table 2: Serum electrolyte levels of wild and captive femnale bluefin tuna

Parameters Wild (n:30) Range Captive (n:30) Range

Na mmol L™ 205.58+9.92 194.65-213.47 201.47+9.51 189.33-210.76
K mEq L™ 8.73+1.93 5.92-11.270 6.38+1.54 5.16-8.2900
Clmmol L™ 186.2547.76 178.46-190.72 182.63+£7.41 170.19-188.75
CamEqL™! T.19+1.62 5.71-9.2400 6.71+£1.62 5.47-8.6300
Mg mg 100 mL™! 5.92+1.56 2.86-7.3300 6.52+1.13 5.18-6.7900
Pmg 100 mL.™! 4.43+0.96 1.93-9.5700 3.06+0.75 2.78-6.6900
#p<0.05; NS: Not 8ignificant; n: number of samples

Table 3: Serum electrolyte levels of wild and captive male bluefin tuna

Parameters Wild (n:32) Range Captive (n:35) Range
Nammol L™! 214.09+£10.53 207.61-218.22 210.23£10.08 204.98-217.30
K mEq L™ 10.95+2.040 6.48-14.300 6.54+1.420 5.50-7.4100
Cl mmol L™ 180.68+7.030 173.51-189.60 178.27+£6.940 166.83-191.57
CamEqL™! 7.78+£1.350 6.68-8.5300 7.67£1.550 5.68-9.0300
Mg mg 100 mL™! 8.47+2.680 2.48-11.390 6.83+1.410 5.03-8.3200
Pmg 100 mL™" 5.62+0.950 2.31-7.8200 3.58+0.860 1.57-4.6500

#p<0.05; NS: Not 8ignificant; n: number of samples

Table4: Table of significance in kidney tissue differences between female

and male wild/captive BFT

Elements Wenale- Wi Wi ale ~Creale st -Chle Croate- Wi
Na NS NS NS NS

K # # NS #

Cl NS NS NS NS

Ca NS NS * NS
Mg * * NS *

P # # # #

*:Rignificant differences (p<0.03) Wg,,....: Wild Female, W,,,..: Wild Male,
Chamae: Captive Female, Cyyy, : Captive Male

only the differences for K, Mg and P were statistically
significant (p<0.05). These parameters as mentioned
before, show that female and male captive BFT are under
pressure in cage conditions. Such conditions can result in
long-term chronic stress factors so that the fish are easily
susceptible to renal tubular disease, cardiac and hepatic
failure and bone diseases (Stoskopf, 1993; Reddy and
Leatherland, 1998, Pottinger, 2001).

On the other hand, according to the tables for
female/male wild and captive BFT (Table 2-4), the Na, K,
Ca, Mg and P values were lower in the wild female BFT
but the Cl level was lugher. The differences for K, Mg and
P were significant for both wild females and males
(p<0.05). In addition, when captive female and male BFT
were compared, all measured parameters were found to be
lower in female individuals except the Cl level and the
differences in Ca and P levels were significant (p<0.05).
These parameters might indicate that female BFT in both
the wild and captive areas are more sensitive and wealer
than the males. Long term chronic stress might affect

female BFT more thus these fish could be easily
susceptible to malignant cell disease, chronic heart failure,
renal and liver disease and endocrinal and reproductive
disease (e.g., thyroid diseases) (Reddy and Leatherland,
1998, Pottinger, 2001; Schaefer, 2001 ).

Comparison with previous research: Haematological and
biochemical values are important for diagnosis of clinical
signs showing how diseases progress over time. Also, the
use of haematological parameters as indicators of the
sublethal effects of stress can provide mformation on the
physiological responses fish make to changing external
environmental conditions (Casillas and Smith, 1977;
EFSA, 2009). The long-term chronic stress responses
resulting from the physiological effects of various factors
such as farmmg conditions can be measured by the
assessment of a range of haematological parameters
(Kjartansson et al., 1988; Stoskopf, 1993; EFSA, 2009).
Blood electrolyte research has been focussed mainly
on physiology (osmoregulation), biochemistry (acid-base
regulation), metabolic diseases (renal and hepatic disease)
and toxicity in cultured fishes e.g., tilapia, carp, salmon,
trout (Casillas and Smith, 1977; Hirubec et al, 2000;
Hartkrishnan et af, 2003; Sikin and Silkina, 2005,
Petri et al., 2006). However, there are few studies on serum
or plasma biochemistry and the electrolyte levels of tunas
especially i cultured BFTs. Although, Hrubec and Smith
(2000), Thomas et al (2003), Clarke et al. (2007) and
Percin and Konyalioglu (2008) have studied the blood
biochemistry of tunas, there 1s still a lack of basic data. On
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the other hand, the baseline hematologic parameters are
available for albacore and skipjack tuna (Horney, 1993) as
for yellowfin tuna (Wells et al, 1986).
Popovic ef al. (2008) determined the plasma electrolytes
in 65 individually sea-caged BFT (245.4 cm fork length
and 275.6 kg) in the Adnatic Sea. They found the values
to be as follows: Na, 2453, K, 6.6, Cl, 2289, Ca,53, P, 1.7
(mmol L7"). In the study the Na and Cllevels were
detected as 209.84, 205.85 and 183.47,180.45 (mmol L ™)
in wild and captive BFT, respectively. The Na values in

well as

wild and penned fish were similar to those reported by
Popovic et al. (2008) but the CT. levels in the findings were
lower compared to theirs. Moreover, K, Ca and p-values
in this research were determmed to be 984, 6.46 (mEq
L™, 7.49,7.19 (mEqL ™ and 5.03, 3.32 (mg 100 mL.™),
respectively. The K and Ca levels were parallel with those
of Popovic et al. (2008) but the P levels were higher in
both wild and captive BFT.

On the other hand in Popovic ef al. (2008), all the
measuring data were given as mmol L.™'. In the research,
Na and Cl were measured as mmol L™"; K and Ca values
were detected as mEq L.7' and Mg and P levels were
found as mg 100 mL~". The differences in measurement
units between these two studies could be a factor in the
obtaining of different results. Another reason for the
differences in the serum electrolytes might be related to
sample size. Popovic et al. (2008) researched on big fish
which were 245.4 cm fork length and 275.6 kg. According
to some researchers (Cort, 1991, Percin and Alkyol, 2009,
Santamaria ef al, 2009; Percin and Akyol, 2010a) the
predictive age range for the sea-cage-reared fish studied
by Popovic et al. (2008) was approximately 15+ years. In
the study, the fork length and weight of wild and penned
BFT were nearly the same at 156.3£2.1 cm and 55.3+1 9 kg
and 159.1+2.6 cm and 58.7+2.2 kg, respectively. Thus, the
predictive age range for the fish was almost 6-7 years.
Hence, the different fork length, weight and age scores
might have mfluenced the results of the
electrolytes levels in the two research studies.

SCTUITL

Percm and Konyalioglu (2008) determined and
compared of serum biochemistry profiles between wild
and captive BFT. They concluded that fattened BFT were
more under stress conditions in farmed area depends on
wild specimens. Also, Percin and Akyol (2010a) studied
on some morhometric relationships in captive BFT. They
reported that the body shape of captive BFT changed
from fusiform to obese due to farm conditions such as
over feeding. Tt is known that obesity is influenced to
cardiovascular system which is harmful to health of heart.
Consequently, the results of serum electrolyte levels in

the research may be supported and strengthened by the
results of Percin and Konyalioglu (2008), Popovic ef al.
(2008) and Percin and Alkyol (2010a).

CONCLUSION

Smee biochemical variables can be used to assess the
health status of fish, a biochemical characterization of
clinically healthy wild/farmed Bluefin Tuna (BFT) was
done to establish the reference indices for this species. In
this research, the Na, K, Cl, Ca, Mg and P levels in the
serum samples of all BFT were detected to be
207.85 mmel L7 815 mEq L™ 181.96 mmol L7
734 mEq L™, 7.25 mg 100 mL™", 418 mg 100 mL™,
respectively. The data indicate that serum electrolyte
levels were higher n wild female/male BFT than mn the
captive specimens. Also, these parameters in both wild
and captive female specimens were lower than those of
males. The results demonstrate that captive fish may be
under more pressure and hence sensitive. Similarly, female
individual BFT were influenced more by the same factors.

The causes of the sensitiveness in captive BFT might
be related to changing conditions,
physico-chemical interactions, feeding types and food

environmental

and cage confinement and lack of space in pens.
the causes of the wealmess m female

might be mfluenced by spawning,
reproduction, gonad development and farming conditions.

However,
individuals

Thus, it 1s important to document the relationship
between lifestyle and stress on wild and fattened fish and
also the effect of this relationship on thewr serum
electrolyte levels. Increases or decreases in the serum
electrolytes show serious organ failure or damage. In
aquacultural treatments, these factors negatively affect
the flesh quality, decreasing the price of meat and causing
profit losses in farms.

In this study the Na, K, Cl, Ca, Mg and p-values in
serum samples have been assayed and compared for
wild/captive and female/male bluefin tuna (Thunnus
thynnus). It 1s necessary to perform these parameters
periodically. The parameters should also be mvestigated
for other bluefin species for purposes of comparison.
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