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TRANSBOUNDARY WATERS; WATER QUALITY AND
ZOOPLANKTON STRUCTURE OF THE ASI-ORONTES
RIVER

Ahmet BOZKURT?
1. INTRODUCTION

The Asi-Orontes is a transboundary river that rises from
karst springs at an altitude of 690 meters near Labweh on the
eastern bank of the Bekaa Valley in Lebanon. This region lies
between the Lebanon Mountains to the west and the Anti-
Lebanon Mountains to the east, not far from the source of the
Litani. A large part of the river’s water resources also come
from the Gab Valley (Sofer, 1999). With a total length of 571
kilometers, the Orontes is the largest river in the Levant and
flows north through western Asia before flowing into the
Mediterranean Sea. It is mainly fed by groundwater (FAO,
2016; UN-ESCWA and BGR, 2013).

The river rises in Lebanon and flows into Lake Humus,
also known as Lake Qattinah, in the Humus governorate in
Syria. After leaving the lake, it crosses the city of Humus (or
Hims). It continues to flow through the governorate of Hama
with its capital Hamah (Hamaih-Epiphaneia) and the ancient site
of Larissa (Shaizar). The river then flows into the Ghab plain.
Further downstream, on the eastern edge of the Ghab, lies the
ancient city of Apamea (FAO, 2016). The river's journey ends in
Idlib, where it flows through the city of Jisr al-Shughur before
reaching the rocky barrier of Jisr al-Hadid. The river turns west
into the Antakya Plain in Hatay Governorate, Turkey (Figure 1)
(FAO, 2016).

The Asi-Orontes River flows north from Antakya and
enters a gorge in the southwest before flowing into the sea at
Samandag (FAO, 2016). Thus, the length of the river within the
Turkish borders is 88 kilometers. Historically, the Asi-Orontes
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River, known as Araunti in Egypt, Arantu in Assyria, and Axius
in Macedonia, has long served as a border between Syria,
Turkey, and Lebanon.

According to Caponera (1993), in addition to the
geomorphologic structure, the flora adjacent to the riverbed also
contributes significantly to the prevention of flooding. In the
crop-producing areas near the marshes, pools of water have
formed along and around the river banks, where at least two
crops are grown each year. The river contributes significantly to
the irrigation of agricultural land in this region (Tasdemir and
Goksu, 2001).

1.1.  Water Resources Feeding the Asi-Orontes River

The Orontes basin is fed by major water sources near the
Lebanese-Syrian border, including Al-Azraq, Ain ez Zarga, Al
Ghab, Al Rouj and Ayn at Tannur, as well as about 30 other
large and small springs (UNDP, 1970; FAO, 2006; Jaubert et al.,
2015).

The catchment area has an estimated surface water
volume of 1,110 million m® (FAO, 2006). The annual outflow
from Lebanon to the Syrian Arab Republic is 415 million m?,
with 80 million m® attributed to Lebanon and the rest to the
Syrian Arab Republic according to an informal agreement
between the two states. The actual natural annual outflow from
the Syrian Arab Republic to Turkey for the entire Asi Basin,
including the tributaries Afrin and Karasu, is 12 million m?®.

The average annual flow of 26 springs in the Al-Ghab
valley fell from 18.5 m*/s in 1965-71 to 9.7 m%s in 1992-93,
before steadily declining to 4.2 m*/s in 1995-96. Groundwater
resources in the Syrian part of the Orontes Basin are estimated at
1,607 million m®, with the majority flowing as springs (1,134
million m® and the remainder (473 million m® stored in
aquifers and abstracted from wells for irrigation and water
supply (UN-ESCWA and BGR, 2013).
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Figure 1. Orontes River and its Basin (excerpt from
https://en.wikipedia.org/wiki/Orontes_River)
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Syria and Turkey share two branches of the Asi River,
the Afrin and the Karasu. The Afrin is an important tributary of
the Asi, which rises on the southern slopes of the Kartal
Mountains in Turkey. It flows through the Syrian border and the
city of Afrin. The Afrin is 131 kilometers long, 54 kilometers of
which are in Syria, and flows into the Asi in the Turkish region
of Hatay. The Karasu is the second largest tributary of the Asi.
The 120-kilometer-long river has its source in Turkey and forms
a small section of the Syrian-Turkish border. It flows into the
Asi near the confluence with the Afrin River north of Antakya
(Figure 2). The flow rate of the Karasu is around 40 million
m>/year (FAO, 2016; UN-ESCWA and BGR, 2013).

The Orontes is the main artery of the Orontes Basin,
which is made up of various sub-basins. The transboundary
basin covers around 24,870 km?, of which 2205 km? are in
Lebanon (9 %), 17,110 km? in Syria (69 %) and 5552 km? in
Turkey (22 %), according to Lehner et al. (2008). The course of
the Orontes, shaped by tectonic events, corresponds to the Great
Syrian Rift, which has a north-south axis, is part of the Red Sea
rift system and lies on a transform fault that runs from the Gulf
of Agaba to the Amanos. The river flows along this main
geological axis from the sources of the Asi in the Bekaa to the
Amouk depression in Hatay province. It flows into the
Mediterranean below Antakya (Weulersse, 1940; Jaubert et al.,
2015).

1.2. Climate of the Asi Basin

In contrast to other Levantine rivers, the Asi-Orontes
flows almost exclusively through the sub-humid Mediterranean
bioclimate zone, which benefits from 400-500 mm of
precipitation per year. However, the flow rate increases from top
to bottom as the amount of precipitation varies throughout the
catchment (Jaubert et al., 2015). An average annual temperature
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of around 16 °C prevails in the entire Asi-Orontes catchment
area. In January, the average temperature in the catchment area
is 6 °C, although it can drop to -1 °C in the lowest regions. The
average temperature in August is 25 °C, with temperatures of up
to 28 °C being reached in the warmest regions (New et al.,
2002). With an annual rainfall of less than 400 mm, the climate
in the Lebanese part of the Asi-Orontes basin is semi-arid to arid
(Estephan et al., 2008). Precipitation in the eastern parts of the
basin is much lower and ranges between 400 and 600 mm, while
the western mountains in the Syrian part receive 600 to 1500
mm (FAO, 2006). In the Turkish part of the basin, there is a
climatic transition between the Mediterranean and the eastern
Anatolian zone. The eastern part of this basin has a south-
easterly climate, while the western part has a Mediterranean
climate.

1.3.  Population Structure of the Asi Basin

An estimated 6 million people live in the Asi basin,
381,000 (6 %) of whom live in Lebanon (LOCALIBAN, 2009),
4.2 million (69 %) in Syria (Ministry of Irrigation in the Syrian
Arab Republic, 2006) and 1.48 million (24 %) in Turkey (UN-
ESCWA and BGR, 2013). The distribution of people in the
catchment area varies greatly from country to country. With
over four million inhabitants, the Orontes Valley in Syria is a
region of great agricultural and industrial importance. The
Orontes Valley is home to several medium-sized cities, two
major urban centers (Humus and Hama) and a large number of
industrial enterprises. The area covers around 290,000 hectares
and is irrigated from both surface and groundwater sources.
With the construction of state facilities such as an oil refinery in
1957 and a sugar mill in Humus in 1948, the Orontes river basin
became one of the first industrialized areas in Syria. The state
industrial sector expanded in the 1970s and 1980s with the
construction of plants such as a metallurgical complex in Hama,
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yarn manufacturers and a fertilizer factory near Lake Qattinah.
With the growth of specialized sectors, especially chemical and
pharmaceutical companies, industrialization intensified in the
1990s. The population of the Orontes Basin has grown rapidly
as a result of the agricultural and industrial development of the
region (Jaubert et al., 2015). The population is very
heterogeneous, with the majority living in Syria, in the two large
cities of Hama and Humus in the center of the basin, and a
smaller percentage in the arid and mountainous regions in the
east and south (Jaubert et al., 2015).

1.4. Water Use in Countries

The water resources of the Orontes basin are used for
domestic, industrial and agricultural purposes in all three
riparian states. However, with different development plans to
expand the irrigated area, Syria and Turkey control the basin's
water resources, jeopardizing the viability of the basin. It is
estimated that 2,800 million m® of surface and groundwater is
used annually for agriculture throughout the basin (UN-ESCWA
and BGR, 2013).

The Orontes basin comprises 40 reservoirs, almost all of
which are located in Syria. Al Rastan and Mhardeh, two of the
largest dams, are used to generate electricity, while the others
are used to regulate runoff and supply irrigation water. The three
largest dams (Al Rastan, Mhardeh and Qattinah) have an annual
storage capacity of 200-500 million m®. The Yarseli and
Tahtakoprii dams, which are located on tributaries of the
Orontes River, are the most important dams in the Turkish part
of the Orontes River Basin. The Tahtakoprii Dam with a
reservoir area of 24.3 km? was built in 1975 on the Karasu River
and has a maximum capacity of 200 million m*® (Table 1) (UN-
ESCWA and BGR, 2013).
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Table 1. Important Dams on the Asi River and Nearby Cities

. Capacity
Country Name Nearest River Year Height (million | Main use
city (m) 3
)
Al Hims | 25" | 1960 | 67 228 Irrigation+ene
Rastan Orontes rji
Qattinah | Hims Asi- 1976 | 7 200 irrigation
Orontes g
Syrian ] ]
- 1 1 +i
Arab Mhardeh | Hama | 2 1960 | 41 67 Imigation+ene
Republic Orontes rji
Zeyzoun | Hama - 1995 | 43 71 irrigation
Kastoun | Hama - 1992 | 20 27 irrigation
Karama
nli Hatay Bulanik | 1985 | 35 2000 irrigation
(Hatay)
. Beyaz R
Yarseli Hatay Stream 1989 | 42 55 irrigation
Tiirki
Hraye Tahtako Hatay Karasu 1975 200 irrigation
pru Stream
Reyhanli Afrin L
Dam Hatay Stream 2020 | 31 480 irrigation

In 2009, Syria and Turkey signed an agreement in
principle to build the "Asi Friendship Dam" on the Asi-Orontes
River along their border in order to provide Turkey with more
water in times of peace. The dam was to be about 15 meters
high and have a capacity of 110 million m?, of which 40 million
m® was to be used to prevent flooding and the remainder for
irrigation and power generation. However, civil unrest and the
war in Syria prevented the construction of the dam from being
completed (FAO, 2009).
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1.5. Cross-Border Water Issues Between Lebanon, Syria
and Tiirkiye

Transboundary waters flow through the territory of one
or more other states after originating in the territory of another
state (Unver, 1995). For transboundary or international seas,
there is no law, no regulation and no generally accepted legal
practice. When attempting to solve problems in this area through
bilateral or multilateral agreements and within the framework of
the particular circumstances, the general principles of
international law and previously concluded similar agreements
are taken into account (Aytemiz and Kodaman, 2008). In order
to resolve disagreements over these waterways, some research
has been carried out in the field of international law. The
measures taken by the United Nations led to the adoption of the
"Convention on the Non-Navigational Uses of International
Watercourses” in 1997, which represents the culmination of
developments in international law that began in the 1950s. This
convention, to which Turkey has not acceded, has not yet
entered into force as it has not been adopted by a sufficient
number of countries (FAO, 2009).

1.6.  Pollution Loads Contributed by Countries to the Asi
River

The natural environment in these areas is deteriorating
and the people living there are suffering from a number of
factors, such as increased population pressure, especially in the
last century, the poor use of these areas, the development of
mechanization in agriculture, excessive agricultural activity, the
intensive and unconscious use of fertilizers and pesticides, water
and soil pollution, the use of toxic substances and erosion. The
Asi River is heavily polluted by tourists in the communities in
its upper reaches, especially by household waste from vacation
resorts. The release of industrial waste from factories in the delta
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and the upper catchment area also contributes to the pollution of
the region (Ozsahin, 2010). Antakya, Jisr al-Shughur, Hama and
Humus are the best known cities along the river. Numerous
pollutants cause untreated wastewater to enter the riverbed,
which severely deteriorates the water quality (UN-ESCWA and
BGR, 2013).

2. WATER QUALITY AND ZOOPLANKTON
STRUCTURE OF ASI-ORONTES RIVER

2.1.  Water Quality of the Asi-Orontes River Within the
Borders of Lebanon

The Orontes, a transboundary water source that rises in
Lebanon and is now known as El Assi, is one of its most
important tributaries. It carries 420 million m® of water annually.
Its total catchment area is 25,300 km? of which Lebanon
accounts for 1930 km?. It is shared with Syria and Turkey.
According to the survey, the Bekaa Valley is the most
vulnerable area in Lebanon. Water in the Bekaa Valley has
become even scarcer due to population growth, especially
migration from Syria, and the increase in industrial and possibly
agricultural activities (CCIAZ, 2014). An estimated 21 million
m? of water is consumed every year, of which around 23 percent
is used by households and the rest for irrigation and other
purposes. According to FAO estimates, 18,000-21,000 hectares
of the Lebanese part of the Orontes basin are irrigated. The main
sources of pollution are solid waste, industrial waste, domestic
wastewater and point sources from quarries, medical and tourist
facilities. In the vicinity of agricultural areas, especially in the
Bekaa Valley, diffuse sources such as agricultural wastewater
are also considered an important source of pollution.

The Orontes River is currently used in Lebanon for
irrigation, domestic use, industry, tourism, small-scale
agriculture and aquaculture. USAID (2011) reports that the



Su Uriinlerinde Ileri Arastirmalar

Bekaa region is home to about 744 large companies and 988
industries. This includes water from operations such as dairies,
food processing, water bottling, viticulture, ceramics, metal,
plastic, paper, dyeing, tanning, battery manufacturing and food
packaging (USAID 2011; Jaafar et al., 2016).

In addition, the main causes of the increasing risk of
water pollution in Lebanon are (1) population growth, which
includes the approximately 1.5 million refugees who have
arrived since 2011, (2) poor waste and sanitation management
and (3) the lack of monitoring and control systems.

Despite the differences between sampling sites, values
for lead, mercury, cadmium, sodium, potassium, lithium,
calcium, chloride, fluoride, calcium, ammonium, ammonia,
nitrate, phosphorus, sulfate, total dissolved solids (TDS),
dissolved oxygen, pH and biological oxygen demand (BODs)
were within acceptable ranges and within limits that support
aquatic life. Although electrical conductivity (EC) and chemical
oxygen demand (COD) values were high at most sites, they
remained within tolerance limits. As the wastewater was
discharged untreated into the river, pollutants such as fecal
matter and E. coli were detected in high concentrations at some
monitoring sites, while they were absent at many other sites,
suggesting excessive microbiological pollution.

2.2.  Water Quality of the Asi-Orontes River Within the
Borders of Syria

According to the Syrian Dutch Water Cooperation and
the Ministry of Irrigation of the Syrian Arab Republic (2008),
the Orontes Basin is one of the most severely damaged aquatic
ecosystems in Syria. In addition to agriculture, the basin is also
home to numerous industrial activities such as an oil refinery, a
steel mill, a cement, fertilizer and sugar processing plant and
thermal power plants. Water quality is threatened by the partial
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or untreated discharge of domestic and industrial wastewater
into the river (Hajj and Ismail, 2011; Syrian Dutch Water
Cooperation and Ministry of Irrigation in the Syrian Arab
Republic, 2008; Ministry of Irrigation in the Syrian Arab
Republic, 2012).

Epidemics of cholera, dysentery and typhoid have been
detected in areas where the river is used for irrigation and
domestic purposes (Scheumann et al., 2011). According to the
Syrian Ministry of Irrigation, phosphate, nitrate and biochemical
oxygen demand (BOD) have been above the permitted limits
since 1995. Water quality in the upper part of the Orontes River
in Syria (up to Al Omeiry) is satisfactory, but the downstream
part (after Lake Qattineh) is severely impaired (Ministry of
Local Administration and Environment in the Syrian Arab
Republic, 2003).

In addition, sediment tests from the river revealed
elevated levels of heavy metals (Hajj and Ismail, 2011). Soil
samples from the Asi River catchment also contained these
elements, and the soil irrigated with water from the Asi River
had significantly higher concentrations of arsenic (Ar),
chromium (Cr), cobalt (Co) and nickel (Ni) than the soil
irrigated with groundwater only. The use of phosphate fertilizers
and sewage sludge in the catchment area was held responsible
for this contamination (Kassem et al., 2004).

Due to the problems caused by the depletion of
freshwater resources, the determination of surface water quality
has become an important field of research. The present results
show that electrical conductivity (EC), dissolved oxygen (DO),
chemical oxygen demand (COD), nitrate (NO3) and phosphate
(PO,4) are the most important water parameters affected by local
and seasonal variations in the Orontes River basin. For this
reason, some areas are more affected by agricultural activities
than by the discharge of industrial water (Khouri and Sallom,
2023).

11
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2.3. Water Quality of the Asi-Orontes River Within the
Borders of Tiirkiye

According to studies by Tasdemir and Goksu (2001) and
Ozsahin et al. (2016) on the Asi River within the Turkish
borders, the water quality was almost at the limits for irrigation
and life. Although the wvalues of electrical conductivity
downstream have increased due to the discharges from Antakya
and the other cities and the establishment of drainage canals, it
was claimed that these values are still within acceptable limits
for aquatic life. Nevertheless, the excessive salinity of the
surface water is cited as a reason for the river's endangerment
(Tagdemir and Goksu, 2001; Odemis et al., 2006; Agca and
Odemis, 2009). According to a study on the trend of soil
salinization, 2600 ha of land in the Turkish part of the Asi River
basin were classified as saline and about 28130 ha as slightly
saline (Odemis et al., 2006).

The Asi River was classified as borderline and slightly
alkaline, although its pH increases as it approaches the sea.
Dissolved oxygen was found to be low downstream as a result
of the mixing of domestic and agricultural wastewater with the
river flow, but was close to the threshold value at the Syrian
border. The water hardness of the Asi River was found to be
above the threshold value due to the presence of calcium and
magnesium ions (Egemen and Sunlu, 2003; Egemen, 2011,
Tasmen, 2006). It was found that the water of the river has hard
values only in the lower regions, although it is extremely hard
when it enters the nation. The chemical oxygen demand (COD)
of the Asi River is above the limit, and it is said to be more
polluted in Syria. However, the river cleans itself to a certain
extent when oxygenated water from Turkey is added. While
nitrate nitrogen in the Asi is below the limit, ammonium and
nitrite nitrogen are above it, depending on the time of day
(Tasdemir and Géksu, 2001; Ozsahin et al., 2016).

12
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Phosphate levels are reported to be above the limit at the
point of the Asi River near the Syrian border, but due to
agricultural activities, they have almost quadrupled at the point
where the river flows into the sea (Ozsahin et al. 2016). It has
been reported that copper, chromium, iron and nickel, which are
well above the limit value in the upstream part of the river,
decrease in quantity at the mouth of the sea (Giiler, 1997).
Cadmium, lead and cobalt levels, which are high in the
downstream part of the river, are above the limit value (Agca et
al., 2009). In contrast to other criteria, the values for zinc and
manganese in the river section between the sea and the Syrian
border are very close to each other, but well above the limit
value.

The water of the Asi River in Turkey exceeds the limits
for ammonium, nitrite, phosphate, cadmium, lead, copper,
chromium, cobalt, nickel, zinc, iron, manganese, electrical
conductivity, hardness and chemical oxygen demand (Ozsahin
et al., 2016). Nitrate nitrogen and dissolved oxygen are the only
substances that are below the limit values. Meanwhile, the levels
of hydrogen ions, nitrite nitrogen, phosphate, cadmium, lead and
cobalt are even increasing within the limits of Turkey. In
Turkey, on the other hand, the rates of other metrics are falling.
These results show that there is excessive heavy metal pollution
in the region where the Asi River flows into Turkey. In addition,
the area where the river flows into the sea is highly
contaminated due to the presence of all pollutants from the
catchment area. This fact shows how the Asi is polluting
Turkey.

Kibaroglu and Siimer (2015) state that the Asi River
flows from Lebanon to Syria with a relatively low concentration
of heavy metals. At the exit of the river from Syria, this amount
is far higher than the limit values. The pollution of the river is
mainly attributed to industrial and agricultural activities as well

13
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as domestic wastewater (Miinger et al., 2014). As a result, the
water quality of the Asi varies in the upper basin states,
especially in Syria. Although the states concerned have made
numerous agreements to tackle the problem of pollution, these
agreements have lapsed due to the serious political, social and
economic problems in the region.

Water sharing and water quality have become strategic
issues due to political negativity and interstate tensions.
Accordingly, many measures should be implemented in terms of
planning, sharing and scientific and sustainable use of water
resources, especially transboundary waters (Ozsahin et al.,
2016).

Turan et al. (2019) examined some metrics of sites near
the Syrian border and the sea, including temperature, dissolved
oxygen, pH, hardness (Fr), nitrate, nitrite, ammonium and
phosphate. As a result, the area near the Syrian border was
classified as Class | water within the parameters of the National
Surface Water Quality Management Regulation based on
temperature, pH and nitrate values, but all other physico-
chemical parameters indicated that the water was polluted with
Class I11. Only the temperature and nitrate content near the river
mouth were classified as Class | water; dissolved oxygen, pH
and hardness (Fr) were classified as slightly polluted Class Il
water, and other physico-chemical parameters were classified as
Class Il water (Turan et al. 2019).

2.4.  Zooplankton Fauna of the Asi-Orontes River and
Associated Waters

Numerous streams and tributaries within the borders of
Turkey are connected to the Asi. Thus it flows further into the
sea, taking in and developing water from these places. However,
the flow rate fluctuates as the water along its path is used for
agricultural irrigation. Yarseli Reservoir, Golbas1 Lake,

14
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Tahtakoprii Reservoir and Reyhanli Reservoir all have access to
the Asi River. The approximately 8-kilometre-long Beyaz Cay
stream connects the Yarseli reservoir with the Asi River on the
Turkish-Syrian border. Pumps are used to pump water from the
Asi River into the Yarseli reservoir as required. The Afrin
Stream feeds the Reyhanli Reservoir, then joins with the stream
coming from the Golbasi Lake and then flows together with the
Karasu coming from the Tahtakoprii Reservoir, receives the
name Afrin Stream and joins with the Asi River (Figure 2).
Numerous studies within the borders of Turkey have revealed
the zooplankton fauna of the Asi River and its connected lakes
Tahtakoprii Reservoir, Yarseli Reservoir, Reyhanli Reservoir
and Golbasi Lake. For this purpose, seven zooplankton surveys
were conducted in five different habitats (Table 2). The Asi
River and its associated waters in Lebanon and Syria have not
been the subject of zooplankton surveys outside Turkey.

15
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Figure 2. The River Asi and its Tributaries Within the Borders
of Tiirkiye
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Table 2. Zooplankton Studies Carried out by Various

Researchers in the Asi River Within the Borders of Tirkiye (AR:
Asi River, YDL: Yarseli Dam Lake, TDL: Tahtakoprii Dam Lake, RDL:
Reyhanli Dam Lake, GL: Golbag1 Lake)

Working areas

ROTIFERA AR YDL  TDL RDL GL

Asplanchnidae

Asplanchna girodi de Guerne, - = - -
1888

A. priodonta Gosse, 1850

A. sieboldi (Leydig, 1854)

Brachionidae

Anuraeopsis coelata (De
Beauchamp,1932)

A. fissa (Gosse, 1851)

Brachionus angularis Gosse, 1851
B. bidentatus Anderson,1889)

B. budapestinensis Daday, 1885
B. calyciflorus (Ehrenberg, 1838)

B. caudatus Barrois & Daday,
1894

B. falcatus Zacharias, 1898
B. leydigi Cohn, 1862
B. patulus (Muller, 1786)

B. plicatilis (Miiller, 1786)
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B. quadridentatus Herman, 1783
B. urceolaris (Miiller, 1773)

Keratella cochlearis cochlearis
(Gosse, 1851)

K. cochlearis tecta (Lauterborn,
1900)

K. quadrata (Miiller, 1786)
K. tropica (Apstein, 1907)
K. valga Ehrenberg, 1834

Notholca acuminata (Ehrenberg,
1832)

N. squamula (Miiller, 1786)

Platyias quadricornis (Ehrenberg,
1832)

Collothecidae

Collotheca mutabilis  (Hudson, - - -
1885)

C. pelagica (Rousselet, 1893) - - -

Conochilidae

Conochilus unicornis Rousselet, - - -
1892

Dicranophoridae

Dichranophorus epicharis Harring - - - -
& Myers, 1928

D. grandis (Ehrenberg, 1832) . - - -
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Epiphanidae

Epiphanes brachionus spinosus
(Rousselet, 1901)

Proalides sp.

Proalides tentaculatus de - - - - -
Beauchamp, 1907

Euchlanidae

Beauchampiella eudactylota -
eudactylota (Gosse, 1886)

Dipleuchlanis propatula (Gosse,
1886)

Euchlanis dilatata  Ehrenberg,
1832

Notommatidae

Cephalodella catellina  (Muller,
1786)

C. forficula (Ehrenberg, 1830)
C. gibba (Ehrenberg, 1838)

Eosphora najas Ehrenberg, 1830

Filinidae

Filinia  longiseta  (Ehrenberg,
1834)

F. opoliensis (Zacharias, 1898)

F. terminalis (Plate, 1886)

Gastropodidae
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Ascomorpha ovalis (Bergendahl, - - - -
1892)

Hexarthridae

Hexarthra intermedia
(Wiszniewski, 1929)

H. mira (Hudson, 1871)

H. fennica (Levander, 1892)

Lecanidae

Lecane aculeata (Jabuski, 1912)
L. bulla (Gosse, 1886)

L. closterocerca (Schmarda, 1859)
L. curvicornis (Murray, 1913)

L. flexilis (Gosse, 1886)

L. furcata (Murray, 1913)

L. hamata (Stokes, 1896)

L. hastata (Murray, 1913)

L. hornemanni (Ehrenberg, 1834)
L. inermis (Bryce, 1892)

L. ludwigi (Eckstein, 1893)

L. luna (Miiller, 1776)

L. lunaris (Ehrenberg, 1832)

L. papuana (Murray, 1913)

L. pyriformis (Daday, 1905)
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L. scutata (Harring & Muyers,
1926)

L. stenroosi (Meissner, 1908)

L. quadridentata  (Ehrenberg,
1832)

L. ohioensis (Herrick, 1885)

Lepadellidae

Colurella adriatica Ehrenberg,
1831

C. colurus (Ehrenberg, 1830)

C. uncinata (Muller, 1773)
Lepadella patella (Miiller, 1786)
L. rhomboides (Gosse, 1886)

L. ovalis (Miiller, 1786)

Squatinella  lamellaris ~ (Miiler,
1786).

Mytilinidae

Lophocharis salpina (Ehrenberg,
1834)

Mytilina mucronata (Muller, 1773)
M. unguipes (Lucks, 1912)

M. ventralis (Ehrenberg, 1832)

Notommatidae

Monommata longiseta (Muller,
1786)
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Notommata copeus Ehrenberg, - - - - -
1934

Philodinidae

Dissotrocha hertzogi Hauer, 1939 - - -

Rotaria  neptunia  (Ehrenberg, - -
1832)

R. rotatoria (Pallas, 1766) - - 5 - -

Scaridiidae

Scaridium longicaudum (Miiller, -
1786)

Synchaetidae

Polyartra dolichoptera Idelson,
1925

P. vulgaris Carlin, 1943 -

Synchaeta grandis Zacharias, 1893 . - - - - -

S. stylata Wierzejski, 1893 - - -

Testudinellidae

Pompholyx sulcata Hudson, 1885
P. triloba Pejler, 1957

Testudinella mucronata
(Gosse,1886)

T. patina (Herman, 1783)

Trichocercidae

Trichocerca elongata  (Gosse,
1886)
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T. iernis (Gosse, 1887)

T. longiseta (Schrank, 1802)
T. pusilla (Jennings, 1903)
T. porcellus (Gosse, 1886)
T. ruttneri Donner, 1953

T. stylata (Gosse, 1851)

Trichotriidae

Trichotria pocillum (Miiller,1776)
T. tetractis (Ehrenberg, 1830)

Wolga spinifera (Western, 1894)

CLADOCERA

Bosminidae

Bosmina longirostris ~ (Muller,
1785)

Daphniidae

Ceriodaphnia pulchella Sars, 1862
C. quadrangula (Muller, 1785)

Daphnia curvirostris Eylmann,
1887

D. magna (Straus, 1820)

D. ulomskyi Behning, 1941

Simocephalus serrulatus (Koch, - - - - -
1841)
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S. vetulus Muller, 1776 - o - -
Scapholeberis kingi Sars, 1903 - - - s o -

Sididae

Diaphanosoma birgei  Korinek,
1981

D. brachyurum (Liévin, 1848)

D. lacustris Korinek, 1981

Moinidae

Moina micrura Kurtz, 1874

Chydoridae

Alona costata Sars, 1862

A. guttata Sars, 1862

A. rectangula Sars, 1862
Alonella excisa (Fischer, 1854)
A. exigua (Lilljeborg 1853)

Camptocercus uncinatus Smirnov,
1971

Chydorus  sphaericus  (Muller,
1776)

Disparalona rostrata (Koch, 1841)
Dunhevedia crassa King, 1853

Graptoleberis testudinaria
(Fischer, 1848)

Leydigia acathocercoides (Fischer,
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L. leydigi (Schodler, 1863) - -

Picripleuroxus laevis Sars, (1862) -
Pleuroxus aduncus (Jurine, 1820) .
Pleuroxus uncinatus Baird, 1850 - - -

Pseudochydorus globosus (Baird, - - -
1843)

llyocryptidae

llyocryptus  sordidus  (Lievin,
1848)

Macrothricidae

Macrothrix groenlandica
Lilljeborg, 1900

M. laticornis (Jurine, 1820)

COPEPODA

Cyclopidae

Acanthocyclops robustus (Sars,
1863)

Cryptocyclops bicolor (Sars, 1863) - - -
Cyclops vicinus Uljanine, 1975

Diacyclops bicuspidatus (Claus,
1857)

Eucyclops macruroides
(Lilljeborg. 1901)

E. speratus (Lilljeborg 1901)
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Macrocyclops  albidus  (Jurine,
1820)

Megacyclops viridis (Jurine 1820)

Mesocyclops  leuckarti  (Claus,
1857)

Microcyclops rubellus
(Lilljeborg,1901)

Paracyclops fimbriatus (Fischer,
1853)

Thermocyclops crassus (Fischer,
1853)

Diaptomidae

Arctodiaptomus acutilobatus Sars,
1903

Eudiaptomus drieschi Poppe &
Mrazek, 1895

Canthocamptidae

Bryocamptus minutus (Claus 1863)

Nitocra hibernica (Brady, 1880)

Laophontidae

Onychocamptus mohammed - - -
(Blanchard & Richard, 1891)

Ergasilidae

Ergasilus sieboldi von Nordmann, - = = - -
1832

Lernaeidae
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Lernaea cyprinacea Linnaeus, - - - + + +
1758
Number of species 93 37 41 67 89

Zooplankton studies were conducted by Bozkurt et al.
(2002), Goksu et al. (2005) and Bozkurt and Giiven (2010)
within the Turkish boundaries of the Asi River. In addition,
Bozkurt et al. (2004), Bozkurt and Tepe (2011), Ulgii and
Bozkurt (2015) and Bozkurt (2024) conducted studies on
zooplankton in lakes and reservoirs associated with the Asi
River. 22 species of Brachionidae and 19 species of Lecanidae
were identified among the 21 Rotifera families documented in
all studied waters. Among the Cladocera, a total of 7 families
were identified, of which most species (16) were found in the
Chydoridae, followed by the Daphnidae with 8 species. A total
of 6 families of Copepoda were reported, of which 12 species
belonged to the Cyclopidae (Table 2).

A total of 93 taxa, including 60 Rotifera, 17 Cladocera
and 16 Copepoda, were reported from the Asi River within the
borders of Turkey. Bozkurt et al. (2004) reported 37
zooplankton taxa, including 19 rotifers, 11 cladocerans and 7
copepods, in the Yarseli Reservoir, which is connected to the
Asi River. According to Bozkurt and Tepe (2011), Lake
Golbasi, which is connected to the Asi River by a channel,
harbours 89 taxa, including 20 cladocerans, 10 copepods and 59
rotifers. The Tahtakoprii Reservoir, which is connected to the
Asi River by the Karasu Stream, harbours 41 species, including
24 rotifers, 9 cladocerans and 8 copepods (Ulgii and Bozkurt,
2015). In the study conducted in the Reyhanli Reservoir, which
is connected to the Asi River by the Afrin Stream, 67 taxa were
found, including 54 rotifers, 6 cladocerans and 7 copepods
(Bozkurt, 2024). As will be shown below, the Asi River has a
greater biodiversity than other habitats to which it is connected.
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Sorensen's similarity index (Q = 2a/2a+b+c) was used to
calculate the percentage similarities between the zooplankton of
the Asi River and the zooplankton fauna of the surrounding
waters (Krebs, 1989). The formula is as follows: a) the number
of species that are common to both sampling environments; b)
the number of species that are different in the first sampling
environment; and ¢) the number of species that are different in
the second sampling environment from the first sampling
environment.

Brachionus angularis, B. calyciflorus, B. quadridentatus,
C. gibba, Filinia longiseta, K. quadrata, L. luna, Polyartra
dolichoptera, Bosmina longirostris, Moina micrura were found
in all waters (5 areas), while, A. sieboldi B. urceolaris,
Euchlanis dilatata, F. opoliensis, Keratella cochlearis
cochlearis, K. cochlearis tecta, K. tropica, Lecane bulla, L.
closterocerca, N. Squamula, Testudinella patina, Rotaria
neptunia, A. rectangula, Chydorus sphaericus, Cyclops vicinus,
Diacyclops bicuspidatus, Nitocra hibernica was found in 4
different study areas.

The species found in three aquatic areas were A. coelata,
B. budapestinensis, C. forficula, Colurella adriatica, Hexarthra
intermedia, H. fennica, K. valga, Lepadella patella, L.
rhomboides, M. ventralis, Pompholyx sulcata, Platyas
quadricornis, Ceriodaphnia pulchella, D. magna, llyocryptus
sordidus, M. laticornis, E. speratus, Mesocyclops leuckarti,
Paracyclops fimbriatus, Eudiaptomus drieschi, Onychocamptus
mohammed and Lernaea cyprinacea. It was reported that
Anuraeopsis fissa, B. plicatilis, Cephalodella catellina, L.
curvicornis, L. hamata, M. Unguipes, P. triloba, R. rotatoria,
Synchaeta grandis, Trichotria pocillum, D. ulomskyi, Leydigia
acathocercoides ve Eucyclops macruroides were found only in
the Asi River, while A. girodi, H. mira, Diaphanosoma birgei,
L. leydigi were found only in the Tahtaképrii Dam Lake.

28



Su Uriinlerinde Ileri Arastirmalar

Similarly, Collotheca mutabilis, Colurella colurus, Conochilus
unicornis, Dichranophorus epicharis, Dissotrocha hertzogi,
Lecane aculeate, L. flexilis, L. furcate, L. hornemanni, L.
inermis L. pyriformis, L. scutata, Proalides tentaculatus,
Trichocerca pusilla, T. ruttneri and Disparalona rostrata were
found only in Reyhanli Dam Lake and Asplanchna priodonta,
Beauchampiella eudactylota eudactylota, Brachionus patulus,
Colurella uncinata, Dipleuchlanis propatula, Lecane ohioensis,
Lophocharis  salpina, Monommata longiseta, Mytilina
mucronata, Notommata copeus, Squatinella lamellaris,
Testudinella mucronata, Trichocerca iernis, T. longiseta, T.
stylata, Diaphanosoma brachyurum, Simocephalus serrulatus,
Alonella excisa, A. exigua, Dunhevedia crassa, Graptoleberis
testudinaria, Picripleuroxus laevis, Pleuroxus uncinatus,
Pseudochydorus globosus and Scapholeberis kingi were
recorded only in Golbast Lake. Every species that was
discovered in Yarseli Dam Lake was also found in the Asi
River.

Copepod species are often more tolerant of eutrophic
environments (Gannon and Stemberger, 1978), and their
population densities are generally higher under these conditions
(Hessen et al. 1995). Lecane hamata, L. furcata, Monommata
longiseta, Scaridium longicaudum and Trichocerca are
bioindicators associated with oligotrophic waters, while
brachionids and chydorids are associated with eutrophic waters
(Whiteside and Harmsworth, 1967; Whiteside, 1970; Sladecek
1983; Duigan and Murray, 1987; Hofmann, 1996; Brodersen et
al., 1998).

Some species found in eutrophic waters, such as
Asplanchna girodi, A. priodonta, Anuraeopsis coelata, A. fissa,
Brachionus angularis, B. quadridentatus, B. calyciflorus, B.
urceolaris, Colletheca pelagica, C. mutabilis, Keratella
cochlearis, K. cochlearis tecta, K. tropica, K. quadrata,
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Notholca squamula, Platyias quadricornis, Euchlanis dilatata,
Filinia longiseta, Lecane bulla, L. luna, L. lunaris, Lepadella
patella, Polyartra dolichoptera, P. vulgaris, Pompholyx sulcata,
Trichocerca pusilla, Trichotria pocillum, T. tetractis, R.
neptunia (Rotifera), Bosmina longirostris, Daphnia magna,
Ceriodaphnia quadrangula, A. rectangula, Chydorus
sphaericus, Graptoleberis testudinaria, Leydigia leydigi
(Cladocera), Cyclops vicinus, Thermocyclops crassus
(Copepoda) have been identified as indicators of eutrophication
(Rylov, 1963; Borutski, 1963; Dussart, 1969; Ruttner-Kolisko,
1974; Koste, 1978; Voigt and Koste, 1978; Pontin, 1978; Pesce
and Maggi, 1981; Koste ve Shiel 1987; Berzins ve Pejler 1989;
Berzins and Bertilsson, 1990; Koste ve Shiel 1990; Hansen and
Jeppesen, 1992; Segers 1995; De Manuel Barrabin, 2000;
Petrusek, 2002; Fontaneto vd. 2008; Jersabek ve Bolortsetseg
2010; Shah and Pandit, 2013; Apaydin Yagci, 2016).

3. CONCLUSION

The Asi-Orontes River collects streams from the plateaus
and hills on both sides of the rift valley. Until recently, spring
water in the catchment area was the main source of water for the
Asi, but today more than half of the water needed for various
purposes in the catchment area comes from underground
resources, and the river's groundwater supply has diminished.

In the last ten years, the intensive use of groundwater in
agriculture has led to the depletion of the aquifer's water
reservoirs, a lower groundwater table and a severe depletion of
resources.

The water of the Orontes is used to irrigate around
350,000 hectares of land, 58 % of which is in Syria, 36 % in
Turkey and 6 % in Lebanon (FAO, 2009). This has led to a
lowering of the groundwater table, the depletion of underground
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reservoirs and a significant decline in yields (UN-ESCWA and
BGR, 2013).

While there are several bilateral agreements on issues
such as water allocation (between Lebanon and Syria) and the
joint construction of infrastructure (between Syria and Turkey),
there is no agreement between the three riparian states on the
level of the Orontes, which is a transboundary river. The state of
Turkish-Syrian relations in general and the debates over the
sharing of the Euphrates in particular have a significant impact
on politics in the Orontes basin. Finally, Syria is reluctant to talk
about the Orontes because it might change its mind on the Hatay
issue. It is difficult for Syria to develop a stable water policy
because it is both a riparian of the Orontes and a riparian of the
Euphrates. For this reason, the country wants to avoid a
discussion about the Orontes (FAO, 2009).

Industrial wastewater is either discharged directly into
the river or into sewage systems that flow into the Orontes.
These discharges render a significant portion of surface water
unusable and can be a major cause of water pollution if not
stopped (USAID, 2011; Jaafar et al., 2016).

The middle and lower parts of the Orontes River in
Lebanon are deteriorating due to industrial, urban and
agricultural activities, although water quality is generally high
(FAO, 2009; UN-ESCWA and BGR, 2013).

The quality of groundwater in Lebanon is deteriorating
as a result of excessive extraction and pollution by humans and
the degradation of surface water. Primary aquifers are affected
by seawater intrusion caused by over-abstraction in coastal
regions (MoE, 2020). Groundwater supply is seriously
threatened by nitrate in agricultural areas, especially in the
Bekaa Valley. In addition, the aquifer is particularly vulnerable
to bacterial contamination due to its karst structure and low
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filtration rate. Of the 31 test sites on the coast, 17 showed higher
than usual levels of fecal coliform bacteria (Ministry of the
Environment, 2020).

To summarise, while untreated water in Lebonen is
undoubtedly not suitable for human consumption, it is perfectly
acceptable for many other uses. But once a pollution trend has
started, it tends to accelerate and cause further damage.
According to reports, water quality could deteriorate
significantly in the coming years (ACTED, WeWorld-GVC, and
BTD, 2023).

The MANOVA analysis showed that seasonal variations
had a significant effect on temperature, dissolved oxygen,
phosphate, suspended solids, turbidity, total hardness, Mg and
Ca. As for the spatial effect, the MANOVA analysis revealed
that location had a significant effect on electrical conductivity,
dissolved oxygen, chemical oxygen demand, biological oxygen
demand, ammonium, phosphate, suspended solids, turbidity,
sodium, nitrate, potassium, calcium and total dissolved solids.
This observation showed how tourist attractions and industrial
sanitation facilities altered the indicators of the Orontes River.

According to the Syrian standard specifications, the
majority of the measured values examined in the upper reaches
of the river were on average within an acceptable range. In
contrast to spring and winter, there was a significant increase in
chemical oxygen demand and a decrease in dissolved oxygen in
fall and summer. This was seen as a sign of pollution from
wastewater in summer and fall, especially industrial wastewater
(Khouri and Sallom, 2023).

Korkmaz and Karatas (2009) reported that the waters of
the Orontes River in Syria are exposed to extreme pollution. The
sources of this pollution are petrochemical plants near humus,
factories that produce chemical waste and factories that produce
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phosphate fertilizers. In addition, untreated household waste
from large cities such as Hama and Humus is discharged into the
Orontes. As a result, the river is becoming increasingly polluted.
Numerous areas in the catchment area are endangered by similar
circumstances (UN-ESCWA - BGR, 2013).

Activities in the Asi catchment generally affect water
quality, with the upper reaches having the best quality and the
lower reaches the worst. Industrial and agricultural activities,
businesses, restaurants and entertainment facilities, farms and
recreational activities in the catchment have been reported to
cause poor water quality (ACTED, WeWorld-GVC and BTD,
2023). Comair and Scoullos (2015) claimed that the pollution of
the Asi River started in Lebanon and has since moved to Syria,
and that the water quality in Turkey will deteriorate. This
situation has put Turkey in an extremely unfortunate position.
The most important problem contributing to the pollution of the
Asi River is the lack of a wastewater treatment plant in the
catchment area (Miinger et al., 2014).

According to the criteria of the Turkish Water Pollution
Regulation, the stations of the Asi River along the Syrian border
and the sea were found to have Class |1l polluted water (Turan
etal., 2019).

Freshwater species are used as indicators to assess
pollution, eutrophication and water quality (Yigit, 2002; Giiher,
2014). Rotifera species are often cited as an indicator of
eutrophic water. Herzig (1980) claims that calanoid copepods
are more abundant in oligotrophic environments than other
zooplankton groups. However, Rotifera, Cladocera and
cyclopoid

Also in this case, 39 species commonly found in
eutrophic waters were found in the Asi River and surrounding
waters. Asi River reported 30 of these species, GOlbas1 Lake 27,
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Tahtakoprii Reservoir 24, Reyhanli Reservoir 23 and Yarseli
Reservoir 17. Zooplankton abundance information is available
for Asi River and Tahtakoprii Reservoir but not included in
other studies. Accordingly, about 10 individuals/L of
zooplankton species, which are considered -eutrophication
indicators, were found in the Asi River, while the Tahtakoprii
Reservoir had a maximum value of 64 individuals/L (Bozkurt
and Giiven, 2010; Ulgii and Bozkurt, 2015).

Saprobi, which is an expression of organic pollution and
oxygen deficiency in water bodies, has the property of
containing different, i.e. indicator species, depending on their
quantity at different levels. Accordingly, Oligosaprobi (very
slightly polluted waters) indicator species: Collotheca mutabilis,
Ascomorpha ovalis, Asplanchna priodonta, Euchlanus dilatata,
Keratella cochlearis, Trichocerca porcellus, T. pusilla, T.
ruttneri, T. elongata (Ruttner-Kolisko, 1974; Illies, 1978; Koste,
1978; Sladecek, 1983; Berzins and Pejler, 1989; Pejler and
Berzins, 1993; De Manuel Barrabin, 2000; Shumka and Miho,
2006). Oligo-Beta saprobi (slightly polluted waters) indicator
species: Asplanchna girodi, A. sieboldi, Trichotria pocillum, T.
tetractis, Lepadella patella, Lecane luna, L.closterocerca, L.
lunaris, L. bulla, Colurella adriatica, Euchlanis dilatata,
Cephalodella gibba, Trichocerca longiseta, Polyarthra vulgaris,
Mytilina ventralis, Platyias quadricornis, Notommata copeus
(Ruttner-Kolisko, 1974; Illies, 1978; Koste, 1978; Berzins and
Pejler, 1989; Pejler and Berzins, 1993; De Manuel Barrabin,
2000; Shumka and Miho, 2006). Beta mesosaprobi (moderately
polluted waters) indicator species: Testudinella patina, Filinia
longiseta, Euchlanis dilatata, Keratella quadrata, Notholca
squamula, Pompholyx sulcata, C. quadrangular. Alpha-Beta
mesosaproby  (critically polluted) indicator species are
Brachionus angularis, B. calyciflorus. Alpha mesosaproby
(heavily polluted) indicator species are Lepadella patella,
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Filinia longiseta, and Rotaria rotatoria (Ruttner-Kolisko, 1974;
Illies, 1978; Koste, 1978; Berzins and Pejler, 1989; Pejler and
Berzins, 1993; De Manuel Barrabin, 2000; Shumka and Miho,
2006). Polymesosaproby (heavily polluted) indicator species is
Rotaria neptunia (Pejler and Berzins, 1993; De Manuel
Barrabin, 2000; Shumka and Miho, 2006).

Similarly, many researchers have reported that some
species of rotifers occur in saltwater environments. Accordingly,
the species that occur in fresh and brackish water environments,
but may also be widespread in saltwater environments, are
Asplanchna girodi, A. priodonta, Anuraeopsis fissa, Brachionus
angularis, B. quadridentatus, Collotheca mutabilis, Euchlanis
dilatata, Cephalodella catellina, C. forficula, C. gibba,
Colurella adriatica, C. colurus, C. uncinata, Filinia longiseta,
F. terminalis, Hexarthra fennica, Keratella cochlearis, Lecane
bulla, L. closterocerca, L. furcate, L. hamata, L. luna, L. lunaris,
L. pyriformis, L. quadridentata, Lepadella patella, L. ovalis,
Lophocharis salpina, M. ventralis, Platyias quadricornis,
Polyartra dolichoptera, P. vulgaris, Scaridium longicaudum, T.
pusilla have been reported (Ruttner-Kolisko 1974; Pontin 1978;
Koste 1978; Illies, 1978; Koste and Shiel 1987; Berzins and
Pejler 1989; Nogrady et al. 1995; Segers 1995; De Manuel
Barrabin, 2000; Fontaneto et al. 2008, Jersabek and Bolortsetseg
2010).

The Asi River and Lake Goélbasi showed the highest
similarity in zooplankton at 62%. The similarity of zooplankton
between the Asi River and Tahtakoprii Reservoir was 48%,
between the Asi River and Reyhanli Reservoir 52% and between
the Asi River and Yarseli Reservoir 57%.

According to Ruttner-Kolisko (1974), most eutrophic
indicator species are represented in oligotrophic lakes of the
temperate zone with about 200-500 individuals/l, but in
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eutrophic lakes with 1000-2000 individuals/l. In view of the
high content of phosphate and nitrogen compounds in the river
and the intensive agricultural practises in this area, it can be
assumed that the Asi and the adjacent waters are eutrophic or
have a tendency to become eutrophic.

The Asi has mesotrophic water characteristics and is
classified as a less polluted (Oligo Beta Saprobic) water body
based on an analysis of species abundance and indicator values.
Considering the high salinity in the surface water of the Asi
River and the surrounding soil (Tasdemir and Goksu, 2001;
Odemis et al., 2006; Agca and Odemis, 2009) and the presence
of 34 species with high saltwater tolerance in the river, it is clear
that there is a threat to the Asi River.
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BALIKLARDA BESLENME VE
METABOLiZMA BOZUKLUKLARI

Mustafa DORUCU!

1. GIRIiS

Tim su canlilari, temel fizyolojik islevler, saghk ve
bliylimenin siirdiiriilebilmesi i¢in siirekli bir besin kaynagina
ihtiyag duyar. Bu besinler su ortamindan elde edilir, sindirilir,
emilir, organizma ig¢indeki belirli hiicrelere tasinir ve hiicreler
tarafindan asimilasyon ve biyokimyasal sentez i¢in en uygun
kimyasal ve fiziksel formlara metabolize edilir. Besinlerin
metabolizmasiyla birlikte endojen ve ekzojen bilesiklerin
parcalanmasi ve atilmasi gerceklesir.

Tim canlilarinin ihtiya¢ duydugu baslica besinler
protein, lipit, karbonhidrat, vitaminler, mineraller ve sudur. Su
canlilariin sagligi, besin tedarikinin devamliligina baghdir ve
diisiik veya asirt besin alimina basarili bir sekilde uyum
saglamasini diizenleyici biyokimyasal mekanizmalar
gelistirmistir.  Bu  nedenle temel besin maddelerinin
metabolizmas1 siirekli  fizyolojik kontrol altindadir. Bu
stireglerin kontrolii hiicrelerin i¢inde veya hiicreler arasinda
olabilir; siire¢ hormonal sinyallerle yonetilir. Kontrol, metabolik
bozukluklar, bulasic1 hastaliklar, travma ve ilaglar veya diger
faktorler tarafindan bozuldugunda, besin gereksinimleri degisir.

Gida tedariki ve besin dengesi bu degisiklikleri telafi
edemedigi siirece saglik bozulacaktir. Bazi besinler baliklar
tarafindan yeterli diizeyde sentezlenemez ve bu nedenle alinan

1 Prof. Dr., Firat Universitesi, Su Uriileri Fakiiltesi, mdorucu@firat.edu.tr, ORCID:
0000-0002-1330-4965.
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gidalarda esansiyel amino asitler, yag asitleri ve C vitamini
bulunmali veya su ortamindan ise mineraller alinmalidir.
Fizyolojik degisiklikleri igeren beslenme eksikligi hastaliklari,
yem ile alman temel besinlerin yetersiz alimindan
kaynaklanabilir. Bu nedenle uygun beslenme, baliklarin
biiytime, lireme ve uzun Omiir igin genetik potansiyele ulagsma
yetenegini etkileyen en onemli faktorlerden biridir. Gelisimin
cesitli asamalarinda degisebilen yasam dongiileri boyunca besin
gereksinimlerini ve metabolizmay1 dikkate almak 6nemlidir.

Son yillarda olduk¢ca gelisen kiiltiir  baliklar
yetistiriciliginde; treticilerin daha saglhkli ve verimli {iretim
yapmalarina rehber olmasi amaciyla bu derleme c¢aligmasi
yapilmistir.

2. BESIN EKSIKLiGi BOZUKLUKLARI

Normalde yemle saglanan belirli bir besinin dokulardaki
konsantrasyonu kritik seviyenin altina distiigiinde bir besin
eksiklik hastaligi gelisir. Tek tip besin eksikligi, belirli dokularla
siirli olabilen agik¢a tanimlanmis biyokimyasal ve patolojik
degisikliklere neden olur. Bununla birlikte, ¢oklu besin
eksiklikleri aglik, bulasict hastalik ve diyet dengesizligi
nedeniyle besinlerin diisiik emilimi sirasinda nadir degildir. Bir
besin eksikliginin ortaya ¢ikmasi i¢in gereken siire, yoksunluk
derecesine ve doku depolarmmin biyiikligiine baghdir.
Genellikle, ikinci faktor daha o©nemlidir. Ornegin, geng
baliklarda karaciger ve bobrek askorbik asit depolar1 sadece
birka¢ hafta siirebilirken, normal karaciger viicudun birkag ay
boyunca gereksinimlerini karsilayacak kadar A vitamini igerir.
Kullanim ve atilim oran1 da énemlidir ve bunlar artarsa eksiklik
daha erken ortaya ¢ikar.

Besin eksikligi hastaliklarinin baslica nedenleri arasinda
yetersiz  beslenme, zayif sindirilebilirlik ve  emilim
(biyoyararlanim), gastrointestinal miidahalelerden kaynaklanan
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emilim bozuklugu, artan kullanim, diyetteki antimetabolitler
tarafindan kullanimin engellenmesi ve asir1 besin kaybi yer alir.
Bir organizmada yetersiz gida alimindan bagimsiz bir¢ok besin
eksikligi nedeni vardir. Cevresel stres, degisen gastrointestinal
aktivite, hastalik durumu, fizyolojik ihtiyaglar, ila¢ kaynaklh
anoreksiya, metabolik kusurlar ve gida kirleticileri yetersiz
beslenmeye yol agabilir.

Baliklarin ¢esitli gelisim asamalarinda (larva, geng,
yetigkin, anag) besin eksikliklerinin nedenini teshis etmek
genellikle zordur ¢iinkii besinlerin niceliksel gereksinimleri esas
olarak biiylime i¢in belirlenmistir. Tiir ve genetik farkliliklar,
besin etkilesimleri, besin biyoyararlanimi ve bir organizmanin
besin eksikligine uyum saglama yetenegi belirli bir besin
eksikliginin biiyiikliiglinii degistirebilir. Skolyoz ve lordoza
neden olan askorbik asit gibi bir besin maddesinin ciddi
eksikligini teshis etmek miimkiindiir; ancak bir veya daha fazla
besin maddesinin marjinal eksikliklerini karakterize etmek her
zaman zordur. Genellikle, marjinal eksikligi olan baliklar
enfeksiyona yenik diiser ve altta yatan eksiklik asla 6liim nedeni
olarak teshis edilemeyebilir. Gectigimiz otuz yilda, farklh
tirlerin farkli gereksinimlerini kabul ederek yaklasik 40 belirli
besin maddesi i¢in yeterlilik kriteri olusturulmus (NRC, 1993)
ve eksiklik belirtilerini  6nleyecek asgari bir gereksinim
belirlenmigtir. Vitamin, mineral, amino asit ve esansiyel yag
asitlerinin daha yiiksek alimlarinda, dokularda artan rezerv
olusur. Belirli besinlerin asir1 miktarlarda siirekli alimi, gesitli
koenzimlerin doygunluguna neden olur. Yagda c¢oziinen
vitaminler ve mineraller asir1 alindiginda toksiktir. Proteinler,
yaglar, toplam kaloriler, vitaminler ve eser elementler dahil
olmak iizere her bir ana diyet bileseninin eksikligi veya fazlaligi,
bliyiik 6lclide konak savunma mekanizmalari {izerindeki etkileri
yoluyla hastalik gelisimi ve baliklarin hayatta kalmas1 {izerinde
derin etkilere sahip olabilir. Besin eksiklikleri, deri ve epitel
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dokularin biitiinliigiini ve dokularin ve viicut sivilarinin
bilesimini etkileyebilir ve mukus salgilarin1 azaltabilir, sonug
olarak  baliklar1 enfeksiyonlara yatkin hale getirebilir
(Lall,2010).

3. ACLIGA KARSI FiZYOLOJIK TEPKI

Birgok balik tiirii uzun siireli agliga dayanabilir. Ornegin,
Japon yilan baligi Anguilla japonica 18 aya kadar hayatta
kalabilir. Ancak patolojik ve biyokimyasal degisiklikler gok
daha erken gozlemlenebilir ve doku degisikliklerinin sirasi tiirler
arasinda degisir. Davranigsal acglik, Atlantik somonu (Salmo
salar), morina (Gadus morhua), Atlantik pisi bahg
(Hippoglossus hippoglossus), walleye (Sander vitreus), levrek
(Dicentrarchus labrax), ¢ipura (Sparus aurata) ve kalkan baligi
(Psetta maxima) gibi baliklar baliklar yakalanip laboratuvar
ortaminda  tutuldugunda ve  hazirlanmis  yiyecekleri
tammadiklarinda  veya  kabul etmeyi reddettiklerinde
gozlemlenir. Tuzlu su karidesi (Artemia tiirleri) ve rotiferler gibi
canli besin organizmalarindan yeni ¢ikmig larvalarin kuru
yemlere gecirilmesi bazi baliklarin a¢ kalmasma ve iri bas ve
ince govdelere sahip olmasina neden olabilir. Aglik sirasinda kas
dokusu katabolize edilir ve bircok biiyllk biyokimyasal
degisiklik gozlenir. Achiga yamit olarak endojen enerji
kullaniminin dinamikleri, hepato somatik indeks (HSI), bagirsak
somatik indeksi ve kondisyon faktorii gibi morfolojik endeksler
ve perivisseral yag govdelerinin boyutu ile izlenebilir.
Baliklarda bagirsak ve karaciger boyutu aghiga hizli yanit verir
ve sadece 30 giin a¢ birakilan baliklarda boyutlar1 kiigtiliir
(Love, 1980). Bagirsakta, mikrovilluslarda ve bagirsagin
uzunlugunda ilerleyici bir azalma go6zlemlenebilir. HSI ile
belirlenen karaciger boyutu da glikojen, lipid ve proteinin
minimum diizeye indirilmesi sonucunda hizla azalir. Ag¢ligin
karaciger dokusunda neden oldugu degisiklikler, hiicre
sayisindaki azalmadan ziyade hiicre hacmindeki azalma seklinde
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histolojik olarak gozlemlenebilir. Baliklar genellikle agligin
erken evrelerinde glikojen depolarini kullanirlar, ancak daha
sonra ana enerji kaynagi olarak lipide giivenirler (Plisetskaya,
1980), yeterli dolasimdaki sekerleri  saglamak igin
glukoneogenezi artirirlar (Sheridan ve Mommsen, 1991). Lipid,
iyi beslenmis baliklarda perivisseral yag gévdelerinde depolanir
ancak karaciger enerji rezervleri tiikendikten sonra harekete
gecirilir ve mikroskobik olarak kolayca tespit edilir. Bu yag
govdeleri biiylik miktarda yag depolayabilir (Sheridan, 1994) ve
durumlar1 ayrica obeziteye yol agan yetersiz beslenmenin bir
gostergesi  olabilir. Oliimden once kapsamli bir sekilde
katabolize edilen son doku iskelet kaslaridir. Kaslardaki glikojen
depolar1 erken kullanilabilse de, durum her zaman bdyle
degildir. Gozlemlenen ikinci bir tiirler aras1 varyasyon, uskumru
(Scomber spp.) gibi yagl baliklarda kas lipidinin tiikkenmesidir.
Bu tiirlerde, kas yagmin uzaklastirilmas1 kas su igerigindeki
artisla iligkilendirilebilir. Bu nedenle kaslarin su igerigi bu
tirlerin beslenme durumunun tanisidir. Gokkusagi alabalig
(Onchorhynchus mykiss) (Jezierska vd., 1982) ve sazan baligi
(Cyprinus carpio) (Mazeaud vd., 1977) gibi yagsiz tiirler aglik
stiresi ile kas su igerigi arasinda bdyle bir iliski gdstermezler,
ancak boyle bir iligki karacigerde gozlemlenebilir. Hem
karacigerde hem de kasta, a¢ birakilmis baliklarda protein
dontlisiimii azalir, muhtemelen substrat eksikliginin bir sonucu
olarak, hem protein sentezi hem de bozunumu a¢ birakilmis
baliklarda beslenen baliklara gore daha diisiiktiir (Lall,2010).

4. BESIN METABOLIZMASI VE BOZUKLUKLARI

Besin metabolizmasinin anlagilmasi, molekiiler olaylari
tim viicut metabolizmasina, genel biiylimeye ve iireme
performansina ve davranigina ¢evirmek igin O6nemlidir. Son
yillarda yeni biyokimyasal ve molekiiler teknikler, c¢esitli
biyolojik olaylarda yer alan molekiilleri belirleyerek besin
metabolizmast ve hayvan biyolojisi hakkinda Ongoriiler
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tretmistir. Yaklasik 24 karmasik besin, baliklar tarafindan
yeterli miktarda sentezlenemedigi igin kesinlikle disaridan
alinmas gereklidir.

Bazi bilesikler baliklar tarafindan sentezlenebilir, ancak
tretim her zaman, oOzellikle yasam dongilerinin belirli
zamanlarinda, ihtiyaglar1 karsilamaya yeterli olmayabilir. Bir
besin maddesinin eksikligi, belirli bir biyokimyasal reaksiyon
icin gerekli substratlar veya yardimci faktérler mevcut
olmadiginda metabolik diizeyde ortaya ¢ikar. Bu reaksiyonlarin
cogunu ve ilgili belirli besin maddelerinin roliinii biliyor olsak
da, muhtemelen heniiz kesfedilmemis, 6zellikle yardimer faktor
olarak mikro besin maddeleri gerektiren bircok baska reaksiyon
vardir.

Beslenme hastaliklariyla iligkili patolojik belirtiler de
dahil olmak iizere c¢esitli besin maddelerinin eksikligi ve
toksisite  belirtileri, c¢esitli kitaplarda ve incelemelerde
incelenmistir (Roberts, 2002; Ferguson, 2006). Mevcut besin
gereksinimlerine dayali iyilestirilmis saflastirilmis diyetlerin
kullanimi, tek veya ¢oklu besin eksikligi hastaliklarinin
patogenezini daha iyi karakterize etme firsatlar1 saglar; ancak,
bu alandaki ilerleme son yirmi yilda yavas olmustur (Lall,2010).

5. PROTEIN VE AMINO ASITLER

Proteinler baliklarin biiytimesi, gelismesi, iiremesi ve
hayatta kalmasi i¢in gereklidir. Yapisal ve koruyucu dokularin
(6rn. kemikler, pullar ve deri), yumusak dokularin (organlar,
kaslar) ve viicut stvilarinin birincil bilesenidir. Yemdeki yetersiz
miktarda protein, biiylimenin azalmasima veya durmasina ve
nihayetinde temel islevlerini siirdiirmek i¢in bazi daha az hayati
dokulardan ¢ekilmeye neden olur. Yaklasik 22 veya daha fazla
amino asit, tiim karmasik proteinlerin yap1 taslarini olusturur.
Bu nedenle, protein i¢in besin gereksinimi esasen proteinde
bulunan amino asitlerin bir gereksinimidir. Balik proteinine
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dahil edilen amino asitler, bir a-imino asit olan prolin harig, a-
amino asitlerdir. Baliklardaki amino asitlerin besinsel 6nemini
simiflandirmak i¢in vazgecilmez (esansiyel) ve vazgecilebilir
(esansiyel olmayan) terimleri yaygin olarak kullanilir. On adet
esansiyel veya vazge¢ilmez aminoasit vardir ki bunlar arginin,
histidin, i1zolosin, 16sin, lizin, metiyonin, fenilalanin, treonin,
triptofan ve valindir ve baliklar tarafindan sentezlenemezler, bu
nedenle mutlaka diyetle alinmalar1 gerekir.

Baliklarda amino asit eksiklikleriyle iliskili birkag 6zel
bozukluk bildirilmistir, ancak esas olarak somon tiirlerinde
metiyonin ve histidin eksikligi olan Atlantik somonu ve
gokkusagi alabaligi, daha sonraki bir bolimde tartigilacak olan
bilateral katarakt gelistirir. Triptofan eksikligi, sockeye ve chum
somonlarinda skolyoz ve lordoza neden olur; goriiniise gore
diisiik  5-hidroksitriptofan sentezinin bir sonucudur. Lizin
eksikligi, kuyruk yiizgeci erozyonuna neden olabilir. Diyetteki
16sin ve izolosin ve digerleri (arginin/lizin, sistin/metionin) gibi
0zel amino asit antagonistlerinin orantisiz seviyeleri, 6zellikle
baliklar belirli gevresel ve fizyolojik stres altinda oldugunda,
marjinal veya ciddi amino asit eksikligine neden olabilir. Belirli
temel amino asitler (6rn. 16sin) diyetlerde asir1 miktarda mevcut
oldugunda toksik olabilir (Hughes vd., 1984). %13,4 16sin
iceren bir diyetle beslenen gokkusagi alabaliginin toksisite
belirtileri arasinda skolyoz, deforme olmus operkula, pul kayb1
ve epidermal hiicrelerin siingerimsiligi yer almaktadir (Choo
vd., 1991). Bitki baklagillerinde mimosin ve L-kanavanin gibi
toksik amino asitler iceren yem bilesenlerinin alimi biiylime ve
yem kullanimi {izerinde olumsuz etkilere sahiptir.
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6. LiPiT

Lipitler esansiyel yag asitleri (EPA) ve enerji saglar.
Cogu balik ¢oklu doymamis yag asitleri (PUFA) sentezleyemez
ve bu nedenle normal biiyiime, lireme ve saglik i¢in yem ile
tamamlanmas1 gerekir. Esansiyel yag asitleri, n-3 ve n-6
Ozelliklerini igerir, ornegin a-linolenik asit, 18:3n-3 ve linoleik
asit, 18:2n-6. Genel olarak, tatli su baliklarinin esansiyel yag
asitleri ihtiyaci, 18:3n-3 ve 18:2n-6 yag asitleri takviyesiyle
karsilanabilirken, deniz baliklarinin yag asitleri ihtiyaci yalnizca
uzun zincirli PUFA'lar eikosapentaenoik asit (20:5n-3; EPA) ve
dokosaheksaenoik asit (22:6n-3; DHA) ile karsilanabilir (NRC,
1993). Tathi su baliklar1 18:3n-3'i 22:6n-3'c uzatilabilir ve
doygunlugunu yerine getirirken, AS5-desaturaz aktivitesi
olmayan veya c¢ok diisiik olan deniz baliklar1 uzun zincirli
PUFA'lar, EPA ve DHA'ya ihtiya¢ duyar (Sargeant ve ark.,
2002). Baliklarin metabolizmasi, biiyiimesi, gelismesi ve ilireme
icin diyet lipidini ve EFA'y1r kullanma karmasiklhigidir ve
nutrigenomik ve metabolomik tekniklerin depolarini igeren
yogun devam eden arastirmalara tabidir (Leaver vd., 2008).

EFA eksikligi bulunan diyetlerle beslenen baliklarda
deneysel olarak iretilen besin eksikligi belirtileri arasinda
ylizgeg ciliriimesi, miyokardit, diisiik bliyime hizi ve yem
verimliligi, sok sendromu ve yiiksek 6liim orani bulunur. EFA
eksikligi erkek ve disi baliklarin {ireme performansini
etkileyerek yumurtalarin zayif déllenmesine ve kulugka oranina,
embriyonik deformitelere ve yavrularin diisiik hayatta kalma
oranina neden olur. Diyet lipid bilesimi, sperm ve yumurtalarin
kalitesini ve yag asidi bilesimini etkiler.  Diisiik
konsantrasyonlarda n-3 PUFA igeren rotiferler ve artemia gibi
canli besin organizmalariyla beslenen deniz baliklarinda yiiksek
Olim oranlar1 ve az gelismis yiizme kesesi ve malpigmentasyon
gibi cesitli anormallikler g6zlemlenmistir. Yiiksek diyet EFA
konsantrasyonlar1 bazi baliklarda biliyiime ve yem verimliligi

55



Su Uriinlerinde Ileri Arastirmalar

tizerinde zararli bir etkiye neden olabilir. Sar1 kuyrukta (Seriola
quinqueradiata), n-3 yiiksek doymamis yag asitlerinin (HUFA)
st smiri, toplam diyet lipid aliminin yaklasik 9%22'siydi
(Takeuchi vd., 1992). Atlantik somonunda, n-3 yag asitlerinin
yuksek alimi, bagisiklik baskilanmasmma ve kalp ve iskelet
kasinda dejeneratif degisikliklere neden oldu (Erdal vd., 1991).
Siklopropenoik asitler gibi toksik, esansiyel olmayan yag
asitlerinin alimindan beslenme patolojileri de gelisebilir.

EFA'dan tiiretilen yirmi karbonlu PUFA'lar, bagisiklik
tepkisi ve inflamatuvar siirecler de dahil olmak iizere ¢esitli
patofizyolojik etkilere sahip olan iki grup eikosanoidin,
prostaglandinlerin ve 16kotrienlerin Onciileridir. Eikosanoidler,
iki oksijenaz enzimi olan siklooksijenaz ve lipoksijenazin
etkisiyle di-homo v-linolenik asitten (20:3, n-6), arasidonik
asitten (AA; 20:4, n-6) ve EPA'dan (20:5, n-3) sentezlenir.
Prostaglandinler ve Idkotrienler, bir organizmanin savunma
sisteminin bir pargasi olan bir grup hiicre dis1 aract molekiilii
olusturur. Bunlar inflamasyon siireci sirasinda olusur ve
inflamasyon istilact bakterilerden kaynaklantyorsa,
prostaglandin ve lokotrienlerin olusumu makrofajlar1 ve diger
16kositleri bakteriyi yok etme siirecini baslatmaya tesvik
edecektir. Eikozanoidler, makrofajlar ve lenfositler gibi hiicreler
tizerindeki dogrudan etkileri veya sitokinler araciligiyla dolayl
etkileriyle bagisiklik sisteminin diizenlenmesinde rol oynayabilir
(Rowley vd., 1995).

Diyet lipitlerinin dogast ve esansiyel yag asitlerinin
konsantrasyonu, eikosanoid metabolizmast ve bagisiklik
fonksiyonu tizerinde dogrudan bir etkiye sahiptir. Birka¢ rapor,
n-3 yag asitlerinin baliklarin bagisiklik tepkisi tizerinde olumlu
etkileri oldugunu gostermektedir. Genel olarak, yiiksek
seviyelerde n-6 PUFA igeren diyetler, yiiksek seviyelerde pro-
inflamatuvar AA tlirevi eikosanoidler nedeniyle bagisiklik
tepkisini artirir ve yiiksek seviyelerde n-3 PUFA igeren diyetler,
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yiiksek seviyelerde EPA tiirevi anti-inflamatuvar eikosanoidler
nedeniyle bagisiklik baskilayic1 olabilir. Ancak, diyet yag
asitlerinin bagisiklik tepkisi iizerindeki etkisi daha karmagiktir
ve zincir uzamasi ve doygunlugu i¢in metabolizma sirasinda n-3
ve n-6 yag asitleri arasindaki rekabet, ilgili hiicre tipt ve
diyetteki yag asitlerinin kaynag1 dahil olmak {izere eikosanoid
tiretimini etkileyen cesitli faktorlere baghdir. Baliklar iizerinde
yapilan ¢alismalar, balik ve bitkisel yaglardan elde edilen farkli
seviyelerde n-3 ve n-6 yag asitleri iceren diyetlerin hiicre
fosfolipidinin  yag asidi  bilesimini  degistirebilecegini
gostermektedir (Bell vd., 1993). Fosfolipidin yag asidi
bilesimindeki degisiklikler, eikozanoid Onciillerinin sentezini
etkiler. N-6 yag asitlerinin alimi arttiginda, daha yiiksek
seviyede AA tilirevi eikozanoidler gézlenmistir (Bell vd., 1996).
Ozetle, diyet lipidinin eikozanoid metabolizmasi ve baliklarin
bagisiklik tepkisi ile iliskisine dair 6n bulgular ilging bir
arastirma alanidir; ancak, n-3 ve n-6 yag asitlerinin bagisiklik
tepkisi ve eikozanoid iiretimi iizerindeki etkisine dair raporlar,
diger karasal hayvanlardaki kadar kesin degildir. Balik diyetleri
ve dokulari, uygun antioksidan korumanin yoklugunda lipid
peroksidasyonuna karst olduk¢a hassas olan nispeten daha
yiiksek PUFA konsantrasyonlari igerir. Duyarlilik ve oksidasyon
oran1 biiyiik Olciide doku veya besinin yag asidi profiline
baghdir: doymamislik derecesi ne kadar yiiksekse, lipid o kadar
kolay oksitlenir. Serbest radikal bir siire¢ olan oksidasyon,
baglatma, yayilma ve sonlandirma adimlarindan gecer ve
aldehitler, epoksitler, ketonlar, digliseritler, monogliseritler ve
polimerler verir. Diyetlerde veya dokularda olusan bu oksidatif
tirtinler diger besinlerle (vitaminler, protein ve lipit) reaksiyona
girebilir, boylece daha fazla doku hasarina neden olabilir veya
yemlerin besin degerini etkileyebilir. Oksitlenmis lipit iceren
ve/veya E vitamini ve antioksidan eksikligi olan diyetlerle
beslenmenin sonucunda ortaya ¢ikan baslica patolojik belirtiler
sunlardir:  istahsizlik, kas distrofisi, yaghh  karaciger,
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depigmentasyon, karin siskinligi, hemolitik anemi, eritrosit
kirillganhig1 ve yag dokusunda ve karacigerde seroid birikimi.
Antioksidanlar genellikle balik yemlerine, okside lipitlerin
baliklara olan toksisitesini ve bozulmasini 6nlemek i¢in eklenir.
Ancak, uzun siireli depolama ve saklama kosullar1 (1s1k ve artan
sicaklik, vb.) ve lipoksidaz, hem bilesikleri, peroksitler ve eser
elementlerin (demir ve bakir) varligi, gidalarda bir dereceye
kadar lipit peroksidasyonuna neden olabilir.

7. VITAMINLER

Vitaminler yiiksek biyolojik aktiviteye sahiptir ve normal
hiicrelerin ile organ fonksiyonlarmin biiylimesi ve siirdiiriilmesi
icin gereklidir. Vitaminler yagda ¢6ziinen (A, D, E ve K) ve
suda ¢oziinenler (tamin, riboflavin, niasin, piridoksin, pantotenik
asit, biotin, folik asit, B12 vitamini ve C vitamini) olarak iki
gruba ayrilirlar. Genellikle yagda c¢oziinen vitaminler hiicre
zarlarmin ayrilmaz bir parcasi olarak islev goriir ve bazilar
hormon benzeri islevlere sahip olabilir. Suda ¢6zlinen vitaminler
koenzimler olarak hareket eder, enzimatik reaksiyonlar
hizlandirir ve genellikle belirli kimyasal gruplar i¢in tastyici
gorevi goriir. Vitamin eksikliklerinden kaynaklanan hastaliklar
kademeli bir siirectir. Eksiklik devam ettiginde hiicrelerdeki
seviye diiser ve belirli bir vitamini igeren metabolik siire¢
bozulur. Ancak bu degisiklikler viicudun biitiin dokularinda ayn1
oranda gergeklesmez; c¢linkii bazi dokular belirli vitaminleri
daha giiclii tutarken, baz1 dokular ise metabolik 6zellikleri
nedeniyle vitaminlerin bulunabilirligindeki degisikliklere karsi
hassastir.

7.1. A Vitamini

Genel olarak, A vitamini aktivitesi, all-trans-retinoliin
biyolojik aktivitesine sahip olan B-ionon tiirevlerini ifade eder.
Hayvan metabolizmasindaki en 6nemli retinoidler, alkol (all-
trans-retinol), aldehit (11-cis-retinal ve 11-cis-3-dehidroretinal)
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ve retinil palmitat ve retinil B-glukuronid gibi retinil esterler de
dahil olmak {izere asit (all-trans-retinoik asit) formlaridir. Her ii¢
form da, B-ionon ¢ekirdegi veya dehidrojen B-ionon ¢ekirdegi ile
iki varyantta bulunur. Ancak, birincisi hem niceliksel hem de
niteliksel olarak A vitamini aktivitesinin bir kaynagi olarak daha
onemlidir. Retinol (A1), deniz baliklarinda yiiksek oranlarda
bulunurken, tathi su baliklarinda baskin form 3-dehidroretinol
(A2) vitaminidir. Tathh su baliklarinda Al'in A2'ye oksidatif
dontistimii  gergeklesir (Goswami, 1984). Kanal yaym balig1
(Ictalurus punctatus) B-karoteni yaklagik 1:1 oraninda A1 ve A2
vitaminine doniistirir (Lee, 1987). Tilapyada Oreochromis
nilotica, karaciger, p-karoten ve kantaksantin Al'e
dontstiiriiliirken, astaksantin, zeaksantin, lutein ve tunaksantin
gibi dihidroksikarotenoidler A2'ye doniistiiriiliir (Katsuyama ve
Matsuno, 1988). A vitamininin en iyi anlasilan islevi gérmedeki
roliidiir. A vitamini balik tarafindan metabolize edilerek retinal
uretilir ve bu da gbzdeki bir fotoreseptdr olan rodopsin
proteinindeki bir lizin kalintisina baglanir. A vitamini ayrica
baliklarin biiyiimesinde, embriyonik gelisiminde, iiremesinde,
epitel dokularmin normal bakiminda ve kemik gelisiminde
onemli rollere sahiptir. Somon baliklarinda retinol eksikligi
zayif bliylimeye, anemiye, solunga¢ kapak¢iginin biikiilmesine,
g6z lezyonlarina, retinanin dejenerasyonuna ve gozlerde ve
yiizgeglerin  tabaninda kanamaya neden olur. Retinol
eksikliginin belirtileri arasinda anoreksiya, soluk viicut rengi,
hemorajik cilt ve ylizgecler, ekzoftalmi ve solungag
kapak¢iginin  biikiilmesi gibi sazan baliklar1 goriliir. Sarn
kuyruklu balik yavrularinda eksiklik belirtileri arasinda solungag
kapak¢iginin biiyiimesinin durmasi, koyu pigmentasyon, anemi
ve gozlerde ve karacigerde kanama bulunur ve bunlara yiiksek
O0lim orant eglik eder (Hosokawa, 1989). Baliklarda
hipervitaminoz A yavas biiyiimeye, korliige, ekzoftalmiye,
kanamalara, anemiye, kemik deformitelerine ve kuyruk
ylizgecinde ciddi nekroza neden olur. Zebra baligi
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embriyolarinda asir1 A vitamini maruziyeti sonucu 6dem ve
beyin defektleri gibi teratojenik etkiler (Hermann, 1995), ayrica
karaciger ve dalak biiyiimesi ve epitel hiicre deformiteleri de
tanimlanmistir.

7.2. D Vitamini

D vitamininin iki énemli dogal formu kolekalsiferol (D3
vitamini) veya ergokalsiferoldiir (D2 vitamini). Baliklar da dahil
olmak {izere c¢ogu hayvan UV 1s18min varhiginda 7-
dehidrokolesterolden kolekalsiferol sentezleyebilmesine
ragmen, birgok durumda bu ¢ok diisiik bir oranda gerceklesir ve
bu nedenle vitamin yemde bulunmalidir. Deniz teleostlarinin
biiylik hepatik D3 vitamini depolart vardir. Atlantik somonu,
Atlantik pisi balig1 ve Atlantik morinasinin karaciger, bobrek,
solungag, dalak ve bagirsak gibi bazi dokular1 25-(OH)D3,
24,25-(OH),D3 ve 1,25-(OH),;Ds'liin yani sira 25,26-(OH);D3
tiretir (Graff vd., 1999). Sundell vd. (1993) Atlantik morinasinda
solungaclar ve bagirsak gibi Ca diizenleyici dokularda 1,25(OH)
2D3 reseptorlerini tanimlamis ve 1,25-(OH) ;D3 uygulamasindan
sonra canlida artan Ca emilimini gézlemlemigler. D vitamini ile
Ca metabolizmasi arasinda bir etkilesim olabilecegi ve bunlarin
fosfor ve kemik metabolizmasiyla dolayli olarak baglantili
olabilecegi anlasilmaktadir. D vitamini, ister yutulsun ister
deride iiretilsin, dolasim sistemi araciligiyla karacigere tasinir ve
burada 25-hidroksi D vitaminine doniistiiriliir. Bu metabolit,
dolasimdaki ana formdur ve daha sonra dokuda aktif form
kalsitriol'e (1,25-dihidrokolekalsiferol) doniistiiriiliir ve bu form
enterik epitel hiicrelerinin, bobrek hiicrelerinin ve osteoblastlarin
cekirdegindeki reseptorlere tipik bir steroid olarak baglanir. Bu
hiicrelerde hareket eden kalsitriol, gastrointestinal alimini,
atthmmi:  ve  kemik  mineralizasyonunu ve  emilimini
diizenleyerek kalsiyum ve fosfor homeostazini diizenler.
Baliklar ayrica solungac¢ zarindan kalsiyum emebilirler. Du
nedenle  gastrointestinal emilimin  distik  kalsiyum
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konsantrasyonlarina sahip sudaki baliklar i¢in sinirli bir 6neme
sahip olmasi muhtemeldir. D vitamini eksikliginin baslica
patolojik etkileri, kas tetanisi ve zayif kalsiyum homeostazindan
kaynaklanan kas liflerindeki yapisal degisikliklerdir. Somon
tirlerinde ve kanal yaym baliginda D vitamini eksikliginin
baslica belirtileri arasinda zayif biiylime, yiliksek karaciger lipidi,
lordoz benzeri sarkik kuyruk ve beyaz iskelet kaslarinin tetanisi
ile kendini gosteren bozulmus kalsiyum homeostazisi bulunur.
Ancak gokkusagi alabaliginda hipokalsemi veya kemik kiiliinde
degisiklik bildirilmemistir (Barnett vd., 1982). 3.750.000 IU D3
vitamini/kg diyetle beslenen alabaliklarda (Salvelinus fontinalis)
hipervitaminoz gosterilmistir, bu da hiperkalsemi ve artmis
hematokrit seviyelerine neden olmustur ancak biiyiime ve
hayatta kalma oranlarinda bir fark yaratmamistir. Ancak
1.000.000 IU D3/kg iceren diyetler kanal yayin balig1 ve
gokkusagi alabaliginda higbir toksik etki gOstermemistir
(Brown, 1988).

7.3. E Vitamini

E Vitamini, halkadaki metil ikamesi derecesine (a, f, vy,
0) ve fitil yan zincirindeki doymamis baglarin (tokoferol,
tokotrienol) varhigina gore farklilagtirllan sekiz  dogal
dihidrokromanol tiirevi i¢in kullanilan genel bir terimdir. a-
tokoferol, farkli E vitamini formlar1 arasinda en yiiksek
biyopotense sahiptir. E vitamini gereksinimi, hiicre zarlarindaki
PUFA miktartyla dogrudan iligkilidir. Biyolojik zarlarin
PUFA'lar1, hidroksil radikallerinin saldirisina karsi &zellikle
hassastir. Bir hidroksil radikaliyle reaksiyona girdiginde, bir
PUFA'nn kendisi, oksijen varliginda diger PUFA'lara saldiracak
bir radikal grubu igerir. Boylece, tek bir hidroksil radikali,
zardaki tim PUFA'lar oksitlenene kadar durmayacak bir
zincirleme reaksiyon baslatabilir. Biyolojik sistemlerde, E
vitamini  bir  antioksidan  gorevi  gorerek, PUFA'lan
peroksidasyona kars1 korumak icin serbest radikal yayiliminin
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zincirleme reaksiyonunu engeller. Bu rolde, E vitamini,
selenyumla birlikte siiperoksit dismutazlar ve glutatyon
peroksidaz igeren bir enzim sistemiyle sinerji i¢inde hareket
eder. En yaygin E vitamini eksikligi hastaliklari, beyaz kas
liflerinin atrofisi ve nekrozu igeren kas distrofisi; artan kilcal
gecirgenlige baglh olarak kalp, kas ve diger dokularin 6demi,
eksiidalarin kagmasma ve birikmesine izin verir, bunlar
genellikle hemoglobin par¢alanmasinin bir sonucu olarak yesil
renktedir; anemi ve bozulmus eritropoez; depigmentasyon; ve
karacigerde seroid pigmenttir (Roberts, 2002). E vitamini
viicutta plazma lipoproteinlerine  bagli  olarak tasinir.
Lipoproteinler ve eritrositler arasinda hizli bir degisim
oldugundan ve E vitamini zarlar1 korudugundan, plazma E
vitamini seviyeleri oksidatif hemolize karst duyarlilikla ters
orantilidir ve E vitamini durumu hakkinda iyi bir gdsterge
saglar. Eritrosit kirllganligi veya hemoliz testi, baz1 baliklarda
ve diger hayvanlarda E vitamini eksikliklerini tespit etmek igin
kullanilmistir (Hung vd., 1981).

7.4. K Vitamini

K Vitamini, kan pihtilagmasi1 {tizerindeki etkileriyle
bilinen yagda ¢6ziinen bir vitamindir. K vitamini aktivitesine
sahip bilesikler ortak bir 2-metil-1,4-naftokinon halkasina
sahiptir ancak 3-pozisyondaki yan zincirin yapist farklidir. Bu
vitamin {i¢ farkli formda bulunur: K1 vitamini (filokinonlar; 2-
metil-3-fitil-1,4-naftokinon); K2 vitamini (menakinonlar; 2-
metil-1,4 naftokinonlar); ve K3 vitamini (menadionlar). K1
vitamini bitkiler, 6zellikle yesil bitkiler tarafindan sentezlenir.
K2 vitamini karasal hayvanlarin alt bagirsak bolgelerindeki
bakteriler ve mikroflora tarafindan sentezlenir; ancak baliklarin
bu vitamini sentezleme yetenegi bilinmemektedir. K3 vitamini
sentetik bir formdur. K vitamininin ii¢ formu da baliklar i¢in
biyolojik olarak aktiftir. K vitamininin islevi, glutamilin y-
karboksiglutamil kalintilarina doniisiimiinii  kolaylastiran K
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vitaminine bagimli karboksilaz i¢in bir kofaktér gorevi
gormektir. Klasik rolli, plazma prokoagiilanlari, protrombin
(faktor IT) ve faktor VII, IX ve X ve antikoagiilanlar (proteinler
C ve S) dahil olmak iizere c¢esitli pithtilasma faktorlerinin
sentezini igerir. Daha yakin zamanda, karasal hayvanlarin
kemiklerinde y-karboksiglutamil iceren proteinlerin, 6zellikle
osteokalsin ~ve  matris  y-karboksiglutamil  proteininin
tanimlanmasi, K vitamininin diger organizmalarin ve baliklarin
kemik metabolizmas1 ve kemik sagligindaki roliine biiytk ilgi
uyandirmistir. K vitamini eksikliginin belirtileri arasinda kan
protrombin zamaninda artig, anemi ve cesitli balik tiirlerinde
solungaglarda, gozlerde ve damar dokularinda hemorajik alanlar
bulunur (NRC, 1993). K vitamini eksikligi, mezgit balig
(Melanogrammus aeglefi nus) ve golyan baligi'nda (Funduus
heteroclitus) kemik anormalliklerine ve zayif kemiklere neden
olmus ve kemik geligimini etkilemistir (Udagawa, 2004; Roy ve
Lall, 2007).

7.5.  Tiamin (B1 vitamini)

Tiamin (B1 vitamini), ATP varliginda tiamin
pirofosfokinaz tarafindan fosforile edilerek tiamin pirofosfat
(TPP) iretilir. TPP, piriivat dekarboksilazin koenzim gorevi
goriir, bu enzim, piriivatin  asetil CoA olusturmak ve
karbondioksit salmak iizere par¢alanmasimi katalize eder. TPP
ayrica glikolizin transketolaz reaksiyonunda da bir koenzimdir.
Tiaminin islevleri, tiamin eksikliginin iki dlgiilebilir
semptomunda yansitilir; kandaki pirtivik asit seviyelerinin
artmasit ve kirmizi kan hiicresi transketolaz aktivitesinin
azalmasi. Ikincisi, gokkusag alabalig1 ve pisi baligmin tiamin
ihtiyacini belirlemek i¢in bir ara¢ olarak kullanilmistir (Cowey
vd., 1975). Tiaminin diger fizyolojik 6nemi, sinir dokularinin ve
miyokardin normal islevi ve gastrointestinal yol tzerindeki
koruyucu etkileriyle baglantilidir. Tiamin eksikligiyle iliskili
olarak gobzlemlenen erken briit patolojiler genellikle sinir
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sisteminde meydana gelir, ¢iinkii TPP beyinde diger dokulara
gore daha az stabildir (Halver, 2002). Bunlara gévde kivrilmast,
konviilsiyonlar, denge kaybi, sinir bozukluklar1 dahildir.
Pigmentasyon degisiklikleri, tikali ylizgegler ve deri alti
kanamasi gibi cilt ile ilgili bozukluklar da tanimlanmastir.

7.6.  Riboflavin (B2 vitamini)

Ribofl avin (B2 vitamini), diyet yaglarindan ve
karbonhidratlardan gelen enerjinin kaslarda ve dokularda
kolayca kullanilan forma hiicre i¢i doniisiimiinde bir koenzim
olarak iglev goriir. Dokularda ve hiicrelerde olusan baslica
formlar flavin mononiikleotid (FMN) ve flavin adenin
diniikleotiddir (FAD); ikincisi hiicrelerde purinlere, fenollere
veya indollere H-bagh veya siiksinat dehidrogenaz gibi temel
enzimlere kovalent bagli olarak bulunur. Bu flavinoid
bilesikleri, hayvan ve mikrobiyal sistemlerde yiizlerce enzim
tarafindan katalize edilen reaksiyonlarda elektron alicilar1 olarak
gorev yapar. Bu reaksiyonlarin genel ve yaygin dogasi,
eksiklikle iliskili patolojilerin de ayni1 derecede genel oldugu
anlamma gelir; istah kaybi, yavas biiyiime ve azalan yem
verimliligi. Bu vitaminle baglantili spesifik eksiklik belirtileri
bulanik lens veya katarakt ve eritrosit glutatyon rediiktaz
aktivitesinin kaybidir.

7.7.  Piridoksin (B6 vitamini)

B6 vitamini terimi, piridoksinin  (3-hidroksi-4,5-
bis(hidroksimetil)2-metilpiridin) biyolojik aktivitesini kalitatif
olarak gosteren tiim 3-hidroksi2-metilpiridin tiirevlerini ifade
eder. Vitamin, aldehit (piridoksal) ve amin (piridoksamin)
formlarin igerir. B6 vitamininin metabolik olarak aktif formu,
amino  asitleri  igeren  reaksiyonlar  (transaminasyon,
dekarboksilasyon, desiilthidrasyon ve oksidatif deaminasyon)
icin bir koenzim gorevi goren piridoksal fosfattir (PLP). PLP
ayrica porfirinin biyosentezinde, glikojenin katabolizmasinda,
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lipit ve y-aminobiitirik asit metabolizmasinda ve triptofandan
norotransmitterler  5-hidroksitriptin - amin  ve  serotoninin
sentezinde Onemli bir rol oynar. Piridoksin eksikliginin
belirtileri arasinda, somon balig1 tiirlerinde, kanal yaymn
baliginda, sazan baliginda, ¢ipura baliginda, sar1 kuyruk
baliginda ve Japon yilan baliginda gozlemlenen diizensiz
ylizme, hizli operkiiler hareket, asir1 stres ve konviilsiyonlar gibi
norolojik bozukluklar bulunur. Eksikliginde eritrosit ve plazma
transaminaz aktiviteleri de baskilanir. Koenzim olarak piridoksal
fosfat gerektiren belirli aminotransferaz enzimlerinin aktivitesi
de baliklarda piridoksin durumunun iyi bir gostergesidir (Lall,
2010).

7.8. Niasin

Niasin, her ikisi de bu vitaminin diyet kaynagini
olusturabilen nikotinik asit ve nikotinamid i¢in genel bir isimdir.
Niasinin biyolojik olarak aktif formlar1 olan nikotinamid adenin
diniikleotid (NAD) ve nikotinamid adenin diniikleotid fosfat
(NADP), sitozol ve mitokondride bulunan bir¢ok dehidrogenaz
enziminin koenzimleri olarak islev goriir. NAD ve NADP,
oksidatif metabolizmanin reaksiyonlarinda, yag asitlerinin ve
steroidlerin indirgeyici biyosentezlerinde ve karbonhidratlarin,
lipitlerin ve amino asitlerin degradatif metabolizmasinda rol
oynar. Bu nedenle, Kkarbonhidrat, lipit ve amino asit
metabolizmasinin gesitli yollarinda temel bilesenlerdir. Her ikisi
de elektron alicis1 olarak hareket etse de, reaksiyonlarda
birbirinin yerine gecemezler ve c¢ogu enzimin belirli bir
ozgilligii vardir. Hayvan dokularinda bulunan niasin kolayca
sindirilir  ve  emilirken, birgok bitkide peptidler ve
karbonhidratlarla kompleks olusturur ve sindirim sirasinda
salinmaz. Niasin ayrica triptofanin metabolizmasiyla da elde
edilebilir, ancak goriiniise gore diisiik bir goreceli verimlilikle.
En yaygin niasin eksikligi belirtileri epitel hiicre islev
bozukluguyla iligkilidir. Diger patolojiler arasinda giines
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yanmigina yatkinlik, koyu cilt, kanama ve ciltte lezyonlar bulunur;
ancak, bu eksiklik belirtileri diger mikro besin eksiklikleriyle de
baglantili olabilir. Zayif biiyiime, ataksi, kas spazmlar1 ve
yiiksek 6liim orani bu vitaminin diger kesin olmayan eksiklik
belirtileridir.

7.9. Pantotenik asit

Pantotenik asit, koenzim A, asil CoA sentetaz ve asil
tasiyici proteinin (ACP) bir bilesenidir. Bu vitaminin koenzim
formu, asil grubu transfer reaksiyonlarindan sorumludur.
CoA'nin bilinen tiim tiirevleri ve ilgili pantotenik tiirevleri, ¢ok
sayida metabolik reaksiyona katilan tiyol esterleridir. Asetil
CoA'nin trikarboksilik asit dongilisiindeki merkezi rolii,
pantotenik asidin amino asit, karbonhidrat ve lipit
metabolizmasinda enzimatik olarak yer aldigi anlamina gelir.
Pantotenik asit eksikligi, bircok tiirde solunga¢ hastaligina
neden olur; solunga¢ liflerinin nekrozu, yara izi ve hiicresel
atrofisi olarak kolayca gozlemlenebilir (Halver, 2002).

7.10. Biyotin

Biyotin, karbonhidrat ve lipit metabolizmasinda énemli
olan ¢esitli enzim katalizli karboksilasyon reaksiyonlari i¢in bir
koenzimdir. Bu enzimlerin bazi Ornekleri sunlardir: (i)
fosfoenolpiruvat karboksikinaz ile birlikte glukoneogenezde
onemli bir rol oynayan piriivat karboksilaz; (i1) yag asidi
sentezinin ilk adimim katalize eden asetil CoA karboksilaz; ve
(ii1) tek zincirli yag asitlerinin oksidasyonunu katalize eden
propiyonil CoA karboksilaz. Cogu yem bilesenindeki biyotin,
lizinin e-amino grubuna (biyositin olarak) bir peptit bag:
araciligiyla bir karboksil tasiyict proteine kovalent olarak
baglanir. Bu nedenle biyotinin biyoyararlanimi, biyositin salmak
icin tastyict proteinin hidrolitik sindirimine baghdir. Biyotin
ayrica bagirsak mikroflorasi tarafindan sentezlenir ve 1siya karsi
kararsiz olmasina ragmen, eksiklikler nadiren goriiliir. Eksiklik,
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baliklarda ve diger hayvanlarda, ¢ig tavuk yumurtas: beyazinda
bulunan avidin ile beslenerek deneysel olarak olusturulabilir.
Avidin, bagirsakta biyotinle kompleks olusturarak emilimini
engeller. Bu kosullar altinda gozlemlenen semptomlar, lipid ve
karbonhidrat metabolizmasinin genelligini yansitir ve cilt ve
norolojik bozukluklar ve kas atrofisini igerir. Deneysel olarak
olusturulan eksiklik belirtileri arasinda anoreksi, daha diisiik kilo
alimi, daha yiikksek yem doniisiimii, somon baliklarinda
solungaclarda, bobreklerde ve karacigerde histopatolojik
degisiklikler, kanal yayin baliginda deri depigmentasyonu ve
Japon yilan baliklarinda koyu deri rengi bulunur (Halver, 2002).

7.11. Folik asit

Folat, folik asit (pteroilmonoglutamik asit) ve ilgili
bilesiklerin biyolojik aktivitesini gésteren tiim bilesiklerin genel
tanimlayicisidir. Cogu hayvan dokusunda baskin formlar
poliglutamatlardir. Bu formlar, bir poliamid olarak bir amid
bagiyla folik asidin terminal glutamatina bagl sekiz glutamik
asit kalintisina kadar igerebilir. Poliglutamatlar, hayvan
dokularindaki indirgenmis aktif formlardir. Folik asit,
molekiiliin tamamen oksitlenmis formudur ve dogada bu sekilde
bulunmaz. Molekiil dihidro ve tetrahidro formlarina
indirgenebilir. Folatlar, tetrahidro (FHs) formlarinda bir
karbonlu {initelerin tasiyicilar1 olarak metabolik islevlerini
yerine getirirler. Folat koenzimlerinde tasimnan cesitli bir
karbonlu iiniteler, metiyonin ve purin halkalarini sentezlemek ve
deoksiiiridinmonofosfati DNA sentezi igin
deoksitimadinmonofosfata doniistiirmek ic¢in kullanilir. Bu
vitaminin eksiklikleri en sik epitel doku ve kirmizi kan hiicreleri
gibi hizla boliinen dokularda goriiliir. Somon baliklarinda folik
asit eksikliginin belirtiler1 arasinda anoreksi, yavas biiyiime,
zayif yem doniisimii ve soluk solungaglar, anizositoz ve
poikilositoz ile karakterize makrositer ~ normokrom,
megaloblastik anemi (Halver, 2002) bulunur. Eritrositler
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anormal sekilde segmentlenmis ve daralmis ¢ekirdeklere sahiptir
ve On bobregin eritropoietik dokusunda ¢ok sayida
megaloblastik proeritrosit bulunur. Japon yilan baliklarinda, sari
kuyrukta ve yetersiz bir diyetle beslenen diger baliklarda zayif
bliylime, anemi ve koyu ten rengi not edilmistir.

7.12. B12 Vitamini

B12 Vitamini, kobalaminin biyolojik aktivitesini nitel
olarak gosteren kobalt merkezli bir ¢ekirdek (korrin halkasi)
iceren bir grup kompleks bilesigi ifade eder. Ticari preparat bir
siyaniir grubu icerir ve siyanokobalamin olarak adlandirilir.
Canli organizmada, B12 vitamini metilkobalamin veya 5'-
deoksiadenosilkobalamin koenzimleri olarak islev goriir. B12
vitamini, eritrositlerin normal olgunlasmasi ve gelisimi, yag
asitlerinin metabolizmasi, homosisteinin metionine metilasyonu
ve tetrahidrofolik asidin normal geri doniisiimii i¢in gereklidir.
B12 vitamini ayrica bagirsak mikroflorasi tarafindan sentezlenir
ve bunun sonucunda eksiklikler nadiren gorilir. BI12
vitamininin bagirsak mikrobiyal sentezi, yaygin sazan, kanal
yaym balig1 ve Nil tilapyasinda gosterilmistir. Parcalanmis ve
olgunlasmamis eritrositlere sahip mikrositik hipokromik anemi
bildirilen tek tanisal patolojidir, ancak bu yalnizca somon
baliklarinda goriilmiistiir (Halver, 2002). B12 vitamini eksikligi,
canlinin vitamin takviyesine hizla yanit vermesi nedeniyle folat
eksikliginden ayirt edilebilir. Japon yilan baliklarinin normal
istah ve biiylime i¢in bu vitamine ihtiyaci vardir.

7.13. C Vitamini

C Vitamini, askorbik asidin biyolojik aktivitesini
gosteren bilesikleri icerir. Baliklar, birka¢ memeli tiirii, kuslar ve
omurgasizlar hari¢ ¢ogu canli, glikozdan glukuronik asit yoluyla
askorbik asit sentezleyebilir. Vitamini sentezleyememelerinin,
biyosentetik yoldaki son enzimin dogustan yoklugundan
kaynaklandigir disiiniilmektedir: L-gulonolakton oksidaz. C
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vitamini i¢in tanimlanan c¢ok c¢esitli islevler vardir; bunlarin
cogu, bir biyokimyasal redoks sistemi olarak hizmet etme
yetenegi ile ilgilidir ve bu sayede bir dizi hidroksilasyon
reaksiyonunda elektron vericisi olarak hizmet etmesine olanak
tanir. Askorbik asit giiclii bir indirgeyici maddedir ve
dehidroaskorbik aside kolayca oksitlenir. Dehidroaskorbik asit,
glutatyon veya indirgenmis nikodinamid adenin diniikletid
fosfat (NADP) ile hayvan dokularinda enzimatik olarak askorbik
aside geri indirgenebilir. Askorbik asidin baslica islevlerinden
biri, kolajenin biyosentezinde bir kofaktdr olmasidir. Bu rolde
askorbik asit, prokollajenin prolin veya lizin kalintilarinin
hidroksilasyonundan sorumlu olan prolil veya lizil rediiktaz
enzimlerine bir kofaktor olarak hizmet eder. Hidroksiprolin ve
hidroksilizin, kolajende c¢apraz baglar olusturmak i¢in
karbonhidrat gruplarina baglanir ve bdylece yapisal biitiinliik
saglar. Askorbik asit, hiicre dis1 sivilardaki en Gnemli
antioksidan olarak kabul edilir ve antioksidan nitelikteki bir¢ok
hiicresel aktivitenin kaynagi bu vitamindir. Siiperoksit, hidrojen
peroksit, hipoklorit, hidrojen radikali, peroksi radikalleri ve
singlet oksijeni etkili bir sekilde temizleme yetenegine sahiptir.
Askorbik asit, baslica lipitte ¢ézlinen zincir kiran antioksidan
olan tokoferoliin  aktivitesini artirarak hiicre zarlarim
peroksidasyona karsi korur. Norotransmitterlerin, steroidlerin,
ilaglarin ve lipidlerin metabolizmasinda yer alan gesitli
hidroksilazlarda onemli bir rolii vardir. Askorbik asit, yag
asidinin mitokondriye tasinmasi i¢in gerekli olan karnitinin
sentezinde yer alan iki demir iceren hidroksilazin kofaktoriidiir.
Askorbik asit ayrica demirin emilimini kolaylastirir ve bdylece
askorbik asit eksikligi olan baliklarda siklikla goriilen anemiyi
onler. Ferrik demiri (Fe3+) fer6z demire (Fe2+) indirger. Bugiine
kadar incelenen baliklarin g¢ogunda askorbik asit eksikligi
belirtileri yapisal deformiteler (skolyoz, lordoz, solungag¢ ve
yiizgecler) gostermektedir. (Halver 2002; Roberts, 2002)
Kikirdak hiperplazisi, ardindan skolyoz, lordoz ve ¢ene ve burun
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deformiteleri, C vitamini eksikliginin baslangicindan kisa bir
siire sonra ortaya cikar ve hizla biliyliyen yavru baliklarda
kolayca goriiliir. Somon baliklarinda, istahsizlik ve uyusukluk,
asit ve hemorajik ekzoftalmi gibi spesifik olmayan belirtilerle
birlikte goriilen i¢ kanamalar ve plazma trigliseritleri ve
kolesteroliin yiiksek seviyeleri de gozlemlenmistir. Kalkan
baliginda, korneanin opakli§i ve hipertirozinemi ile iliskili
bobrek graniilomatozu askorbik asit eksikliginin belirtileri
olarak tanimlanmistir (Messager vd., 1986). Baliklardaki
bagisiklik sistemi hiicrelerinin fagositik aktivitesi, gii¢lii
mikrobisidal faktorler olan ancak balik makrofajlart igin
ototoksik olan reaktif oksijen radikalleri iiretir (Secombes vd.,
1988). Askorbik asit, fagositik hiicreleri ve ¢evre dokulari
oksidatif hasardan koruyor gibi gériinmektedir. Yiiksek diizeyde
askorbik asit takviyesine bagl olarak artan bir bagisiklik tepkisi,
birkag¢ balik tiirtinde gosterilmistir (Gatlin, 2002). Agir metaller
gibi diyet ve cevresel Kkirleticiler baliklarin askorbik asit
gereksinimlerini artirir. Askorbik asit eksikligi olan diyetlerle
beslenen gokkusagi alabaliklarinda da iireme performansinin
azaldigr bildirilmistir (Sandnes vd., 1984). Askorbik asit
rezervleri bazi baliklarin embriyonik ve larval gelisimi sirasinda
hizla tiikenir ve bu da bu vitaminin erken yasam evrelerinde ve
gen¢ ve yetiskin baliklardan daha yiiksek bir gereksinim
oldugunu gosterir. Karaciger ve bobrek askorbik —asit
konsantrasyonlarinin 25 pg/g'dan diisik olmasi, somon
baliklarinda ve kanal yaym baliginda askorbik asit eksikliginin
bir gostergesi olarak onerilmistir (Lall, C.P. 2010)

7.14. Kolin

Kolin,  2-hidroksiN,N,N-trimetiletanaminyum  i¢in
kullanilan bir isimdir. Dokularda yaygin olarak dagilmustir;
ancak yemde ¢ogunlukla fosfatidil kolin formundadir. Serbest
kolin, betain aldehit dehidrogenaz tarafindan betaine
dontstiiriilen betain aldehit elde etmek i¢in mitokondriyal enzim
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kolin  dehidrogenaz  tarafindan  oksitlenebilir.  Kolinin
hayvanlarda dort temel islevi vardir: (i) fosfatidilkolin olarak
biyolojik zarlarin yapisal bir elemanidir; (i) ayrica
fosfatidilkolin olarak lipit tasinmasini tesvik eder; (iii)
asetilkolin olarak bir norotransmitterdir; ve (iv) geri
dontlisiimsiliz olarak betaine oksitlendiginde cesitli hiicresel
reaksiyonlarda kararsiz bir metil dondrii olarak islev goriir. Bazi
balik tiirleri, kolin ihtiya¢larinin bir kismimni diger metil donor
bilesiklerinden kolin sentezleyerek karsilayabilir. Kolin
eksikliginde tanimlanan yaygin patoloji yagli karaciger ve
karaciger vakuolizasyonudur (Halver, 2002). Kolin eksikligi
olan mersin baliginda (Acipenser transmontanus) bagirsak
duvart kasinda incelme ve ekzokrin pankreasin fokal
dejenerasyonu gézlemlenmistir (Hung, 1989).

7.15. 1inositol

Miyo-inositol, suda ¢6ziinen, hidroksile edilmis, siklik 6
karbonlu bir bilesiktir (sis-1,2,3,5trans-4,6-siklohekzanheksol),
inositoliin tek biyoaktif formudur. Miyo-inositol, balik harig
cogu hayvan tarafindan glikozdan sentezlenir ve bu nedenle bu
tirlerde inositol bir diyet gereksinimidir. Miyo-inositol, lipit
tasinmasinda Onemlidir ve fosfatidil inositol gibi, beyin ve
bobrekte yiiksek konsantrasyonda bulunan biyolojik zarlarin
onemli bir bilesenidir. Eikosanoidlerin onciisii olan arasidonik
asit ac¢isindan zengin bir kaynak olarak, fosfatidil inositol
metabolizma i¢in kolayca erisilebilir arasidonik asit saglamada
da o6nemli bir islev gorebilir. Inositol sazan baligmin
bagirsaklarinda sentezlenebilir , ancak bu vitaminin digsal bir
kaynagi olmadan gen¢ baliklarin normal biiylimesini
siirdiirmeye yetecek miktarda degildir, ¢iinkii gen¢ sazanlar yash
baliklardan daha yiiksek seviyede inositol gerektirir. Kanal
yayin bali§inda, karaciger ve bagirsakta inositoliin de novo
sentezi gosterilmistir. (Burtle ve Lovell, 1989). Inositol eksikligi
belirtileri arasinda istahsizlik, kansizlik, zayif biliylime, ylizgec
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erozyonu, koyu ten rengi, yavas mide bosalmas1 ve gokkusagi
alabaligi, kirmiz1 ¢ipura (Pagrus major), Japon yilan baligi ve
sar1  kuyrukta kolinesteraz ve belirli transaminazlarin
aktivitelerinde azalma bulunur. Inozit eksikligi olan bir diyetle
beslenen gokkusagi alabaliginin karacigerinde biiylik miktarda
notr lipit birikimi ve kolesterol ile trigliserit seviyelerinde artis,
ancak toplam fosfolipit, fosfotidil kolin, fosfotidil etanolamin ve
fosfotidil inozitol miktarlarinda azalma gézlenmistir (Holub vd.,
1982).

8. MINERALLER

Su hayvanlari normal yasam siirecleri i¢in minerallere
ihtiya¢ duyarlar. Temel mineraller genel olarak iki gruba ayrilir;
gram miktarinda ihtiya¢ duyulanlara makromineraller ve
gereksinimi ¢ok daha diisiik olanlara (kg basina mg veya pg)
eser elementler denir. Makromineraller kalsiyum, magnezyum,
fosfor, sodyum, potasyum, kiikiirt ve klor igerir. On yedi eser
element (arsenik, bor, krom, kobalt, bakir, flor, iyot, demir,
kursun, lityum, manganez, molibden, nikel, selenyum, silikon,
vanadyum ve ¢inko) hayvanlarda temel element olarak kabul
edilir; ancak bu elementlerden yalnizca birkagi baliklarda temel
element olarak gosterilmistir. Bu minerallerin temel islevleri
arasinda iskelet yapisinin olusumu, kolloidal sistemlerin bakimi
(ozmotik basing, viskozite, difiizyon) ve asit-baz dengesinin
diizenlenmesi yer alir. Eser elementler hormonlarin, enzimlerin
ve enzim aktivatorlerinin Oonemli Dbilesenleridir. Baliklarin
hiicresel (6rn. oksijen tasinmasi, solunum, enzim aktivitesi) ve
fizyolojik (6rn. biiylime, tireme, gorme, bagisiklik) siireclerinin
genis bir yelpazesinde yer alirlar. Cogu karasal hayvanin aksine,
suda yasayan organizmalar su ortamlarindan inorganik
elementleri alirlar. Diyet veya solunga¢ alimi yoluyla asiri
mineral alimi toksisiteye neden olabilir ve bu nedenle mineral
eksikligi ve fazlasi arasindaki ince bir denge, suda yasayan
organizmalarin artan emilim veya artan atihm yoluyla
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homeostazlarini siirdiirmeleri i¢in hayati 6nem tasir. Mineral
gereksinimleri ve bunlarin fizyolojik islevleri hakkindaki bilgide
biiylik bosluklar vardir (Lall, 2002, 2007; Lall ve Milley, 2007).

8.1.  Kalsiyum ve Fosfor

Kalsiyum ve fosfor baliklarda en bol bulunan
minerallerdir ve islevleri, 6zellikle iskelet sisteminin gelisimi ve
bakimi olmak tizere yakindan iliskilidir. Kemiklerdeki ve
pullardaki yapisal islevlerine ek olarak, kalsiyum asit-baz
dengesinin  korunmasinda, kas kasilmasinda, kan pihtisi
olusumunda, sinir iletiminde, hiicre biitiinliigiiniin korunmasinda
ve birka¢ 6nemli enzimin aktivasyonunda dnemli bir rol oynar.
Niikleik asitlerin ve fosfolipidin 6nemli bir bileseni olan fosfor,
dogrudan tiim enerji iireten hiicresel reaksiyonlarda yer alir,
hiicre zarlarmin yapisal biitlinliigiinii korur ve cesitli hiicre
islevlerinde bulunur. Ayrica karbonhidrat, lipit ve amino asit
metabolizmasinda ve viicut sivilarindaki tamponlar1 igeren
cesitli metabolik siireclerde O6nemli bir rol oynar. Baliklarin
kalsiyum gereksinimi biiyiik Olglide tatli suda solungaglar ve
deri yoluyla emilim ve deniz suyu i¢ilmesiyle karsilanir. Cogu
suda yasayan organizmanin fosforu sudan emme yetenegi
olmasina ragmen, bu elementin konsantrasyonu hem tatl suda
hem de deniz suyunda besin gereksinimlerini karsilamak igin
cok diisiiktiir. Birkag balik tiirtinde fosfor eksikligi belirtileri
arasinda zayif biiyiime, azalan yem verimliligi ve zayif kemik
mineralizasyonu bulunur (Lall, 2002). Ayrica, olarak, diisiik
fosforlu bir diyetle beslenen yaygin sazanlarda karacigerlerinde
belirli glukoneojenik enzimlerin aktivitesinde artig; karkas su
iceriginde azalma ile karkas yaginda artig; kan fosfat
seviyesinde azalma; ve deforme bir kafa goriilmistiir. Kirmizi
cipura tarafindan diisilk fosfor alimi kavisli, genislemis
omurlara; serum alkali fosfataz aktivitesinde artisa; kas,
karaciger ve omurlarda daha yiiksek lipit birikimine; ve
karaciger glikojeninde azalmaya neden olmustur. Diisiik fosforlu
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diyetle beslenen somon ve alabalikta operkulum ve pullu fosfor
konsantrasyonunda 6nemli bir azalma meydana gelir. Yiiksek
seviyedeki diyet fosforu omur kiilii konsantrasyonunda
azalmaya neden olmus ve deniz balig1 olan mezgitin kemiginde
histolojik  degisikliklere yol ag¢mustir (Roy vd., 2002).
Yemlerdeki fosfor miktari, eksiklik belirtilerini (6rnegin iskelet
anormallikleri) Onlemek ve ayrica dogal sulardaki fosfor
atilimini azaltmak i¢in idrar ve digkr atilimlarini en aza indirmek
amaciyla dikkatlice dengelenmelidir.

8.2. Magnezyum

Magnezyum  iskelet = dokusu  metabolizmasinda,
ozmoregiilasyonda ve noéromiiskiiler iletimde gereklidir.
Enzimlerde fosfat gruplarin1 hidrolize eden ve transfer eden bir
protez iyonudur. Bu nedenle, membran tasimaciligi, sinir
uyarilarinin iiretimi ve iletimi, kaslarin kasilmasi ve oksidatif
fosforilasyon gibi enerji gerektiren biyolojik islevler igin
gereklidir. Magnezyum ayrica ribozomal yapinin ve dolayisiyla
protein sentezinin siirdiiriilmesi i¢in de gereklidir. Tatli su
baliklarinin solunum adaptasyonunda 6nemli bir rol oynar.
Sazan, kanal yaymin baligi, yilan balig1 tiirleri ve gokkusagi
alabaliginda magnezyum eksikligi belirtileri arasinda istahsizlik,
bliylimede yavaslama, uyusukluk, yiiksek 6liim orani bulunur.
Gokkusagr alabaliginda magnezyum eksikligi ayrica bobrek
kalsifikasyonuna, omur deformitesine ve pilorik kor bagirsak ve
solunga¢ liflerinin kas lifleri ve epitel hiicrelerinin
dejenerasyonuna neden olur. Diisik magnezyumlu diyetle
beslenen sazanlarda konviilsiyonlar gelisir. Magnezyum deniz
suyunda en yaygin iiglincli elementtir ve igilen deniz suyuyla
kolayca alinir. Bu nedenle, Atlantik somonu, kirmiz1 ¢ipura ve
deniz suyunda yetistirilen diger deniz baliklart magnezyum
eksikligi belirtileri gdstermez.
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8.3.  Sodyum, Potasyum ve Klor

Sodyum, potasyum ve klor wviicuttaki en bol
elektrolitlerdir. Sodyum ve klor sirasiyla viicuttaki baslica hiicre
dis1 katyon ve anyondur. Sodyum, ozmoregiilasyon, asit-baz
dengesi ve hiicrelerin membran potansiyeli ile hiicre
membranlar1 arasinda aktif tasimada onemlidir. Klor, elektrolit
dengesinin  korunmasinda esastir ve ayni zamanda mide
suyundaki baslica anyondur. Potasyum, hiicre i¢i anyonlari
dengelemek i¢in monovalent katyon goOrevi goriir ve
noromiiskiiler islevlere katilir. Ayrica kas dokusunda bol
miktarda bulunan bir mineraldir. Sodyum, potasyum ve klortir
¢evrede ve hemen hemen tiim yem bilesenlerinde bol miktarda
bulunur, bu nedenle ¢iftlik baliklarinda eksiklik belirtileri
tamimlanmamustir.  Chinook  somonunda  (Onchorhynchus
tshawytscha) deneysel olarak olusturulan potasyum eksikligi
anoreksiya, konviilsiyonlar, tetani ve Oliime neden olmustur
(Shearer, 1988). Bazi somon tiirlerinin diyetlerine tuz takviyesi
yapildiginda solungag mikrozomlarmin Na®, K ile uyarilan
ATPaz aktivitesi yiikselmekte, bdylece tuzlu suya adaptasyon
fizyolojik olarak daha kolay hale gelmektedir.

8.4. Demir

Demir, oksidasyon-rediiksiyon aktivitesi ve elektron
transferi yoluyla hiicresel solunum siiregleriyle ilgili viicutta
birka¢ hayati rol oynar. Viicutta esas olarak hem bilesikleri
(hemoglobin ve miyoglobin), hem enzimleri (mitokondriyal ve
mikrozomal sitokromlar, katalaz, peroksidaz, vb.) ve hem
olmayan bilesikler (transferin, ferritin ve demir igeren
flavoproteinler, orn. ferredoksinler, dehidrogenazlar) gibi
proteinlere bagl karmasik bir formda bulunur. Gida, metabolik
amaclar icin ana demir kaynagi olarak kabul edilir; demirin bir
kismi solungag¢ zarlar1 boyunca gerceklesir. Demir eksiklikleri
genellikle normal kosullar altinda gézlenmez, ancak diisiik
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demirli bir yemle beslenmede eksiklik goriiliir. G6zlenen ana
patolojiler mikrositer anemi, diisiik hematokrit ve kan demir
konsantrasyonudur ve karaciger sarimsi beyaz olur. Demir
eksikligi hematokrit, hemoglobin ve plazma demir seviyelerini
ve transferin satlirasyonunu azaltir (Gatlin ve Wilson, 1986).
1380 mg demir/kg'dan fazla demirle beslenen gokkusagi
alabaliklarinda diyet demir toksisitesi belirtileri — gelisir
(Desjardins vd., 1987). Demir toksisitesinin baslica etkileri
arasinda azalmis biiyiime, zayif yem kullanimi, yem almama,
artan oliim orani, ishal ve karaciger hiicrelerinde histopatolojik
hasar bulunur.

8.5. Manganez

Manganez, metal-enzim kompleksleri olusturmak igin
cok sayida enzimi aktive eden bir yardimci faktor olarak veya
belirli metaloenzimlerin ayrilmaz bir pargasi olarak islev gortir.
Manganez iyonunun kimyasi magnezyum iyonunun kimyasina
benzediginden, bir¢ok enzim manganez veya magnezyum
tarafindan aktive edilebilir. Bazi enzimler, 6rnegin glikozil
transferazlar, manganez aktivasyonu i¢in oldukca spesifiktir.
Manganezin lipit ve karbonhidrat metabolizmasinda ve beyin
fonksiyonunda enzimatik iglevi yaygin olarak bilinmektedir.
Manganez eksikligi, bazi balik tiirlerinin kalp kast ve
karacigerindeki Cu—Zn—siiperoksit dismutaz ve Mn—siiperoksit
dismutaz aktivitelerini ve kemikteki manganez igerigini azaltir.
Manganez eksikligi, gokkusagi alabaligi, sazan balig1 ve
tilapyada biliylimede yavaslama ve iskelet anormalliklerine
neden olur. Manganez eksikligi ayrica gokkusagi alabaliginda
diisiik kulugka randimani ve diisiikk yumurta manganez seviyeleri
tiretir (Takeuchi vd., 1981).
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8.6. Cinko

Baliklarda ve diger hayvanlarda ¢inkonun temel islevi,
bir dizi metaloenzimin ayrilmaz bir bileseni ve belirli Zn
bagimli enzimlerin aktivitesini diizenleyen bir katalizor olarak
oynadigi role dayanir. Karbonik anhidraz, alkalin fosfataz,
karboksipeptidazlar A ve ilgili  peptidazlar, alkol
dehidrogenazlar ve sitolik siiperoksit dismutaz dahil olmak
tizere ¢inko metaloenzimleri, karbonhidrat, lipit ve protein
metabolizmasinin cesitli metabolik siire¢lerinin
diizenlenmesinde rol oynar. Baliklarda ¢inko emiliminin ana
yollar1, hem tatli su hem de deniz suyu tiirlerinde solungaclar ve
bagirsak yoludur (Lall, 2002). Baliklarin besinsel ¢inko durumu
siki bir sekilde kontrol edilir ve fazla Zn safra, diskida bagirsak
mukozasinin dokiilmesi ve solungaglar yoluyla atilir (Handy,
1996). Solungaglarda ¢inko Dbirikimi ayrica Zn alim
mekanizmalarindaki degisikliklerle diizenlenir ve asir1 alimi
sinirlanabilir  (Bury vd., 2003). Cinko eksikligi istah ve
biiylimede azalmaya, yiiksek 6liim oranina, lens kataraktlarina,
ylizgec ve deri asinmasina, kisa viicut ve kemikte diisiik ¢inko
ve kalsiyum seviyelerine ve serum ¢inko konsantrasyonlarina
neden olur. Beyaz balik ununda bulunan asir1 mineraller (toplam
kiil) ¢cinko emilimini ve kullanimini etkileyerek lens kataraktina
neden olabilir. Kuyruk yiizgeci ¢inko konsantrasyonu gokkusagi
alabaliginda ¢inko durumunun iyi bir gostergesidir (Wekell vd.,
1986). Cinko agisindan diisiik diyetler yumurta tiretimini ve
yumurtalarin kulugka oranini azaltir (Takeuchi vd., 1981).

8.7. Bakir

Bakir, oksidasyon-rediiksiyon reaksiyonlarinda yer alan
birgok enzimin bir bilesenidir ve hiicrede serbest iyonlar yerine
proteinlere sikica bagli olarak bulunur. Hiicredeki elektron
tasima zincirinin sitokrom oksidaziyla iligkilidir. Bakir
metaloenzimleri, hiicrelerin  serbest radikal hasarindan

77



Su Uriinlerinde Ileri Arastirmalar

(siiperoksit dismutaz), kolajen sentezinden (lizil oksidaz) ve
melanin iiretiminden (tiroz inaz) korunmasinda rol oynar.
Hiicrede ve plazmada bulunan bakir bagl seruloplazmin, demir
kullaniminda gorev alir. Yem, baliklarin optimum biiyiimesi i¢in
onemli bir bakir kaynagidir; ancak solungaglar da Onemli
miktarda bakir alimina katkida bulunur (Taylor vd., 2007).
Yemle saglanan asir1 miktarda bakir viicuda girmez; bunun
yerine, metalotiyonin tarafindan bagirsak dokusunda tutulur ve
epitel membrandan dokiilerek diskiyla atilir (Clearwater vd.,
2000). Baliklarda  henliz  bakir  eksikligi  belirtileri
bildirilmemistir. Bakir eksikligi olan kanal yayin baliginda kalp
sitokrom ¢ oksidaz ve karaciger Cu—Zn- siiperoksit dismutaz
aktivitelerinde azalma gozlemlenmistir (Gatlin ve Wilson,
1986). Bakir yemlerde ve suda yaygin olarak dagilmistir; bu
nedenle eksikligi baliklarda yalnizca asir1 kosullar altinda ortaya
cikar. Bakir toksisitesi solungaglarda ciddi hasara ve karaciger
ile bobreklerde nekrotik degisikliklere neden olabilir. Bu
elementin toksisitesi 730 mg bakir/kg diyetle beslenen
gokkusag alabaliginda artmistir (Lanno vd., 1985). Toksisite
belirtileri arasinda azalan biiylime ve yem verimliligi ve
yiikselmis karaciger bakir seviyeleri yer alir.

8.8. Iyot

Iyot, baliklarin tiroksin ve triiyodotironin tiroid
hormonlarinin biyosentezi i¢in gereklidir. Tiroid hormonlari
hiicresel oksidasyonu diizenler, biiyiime ve metabolizmay1
etkilemek icin diger hormonal sistemlerle etkilesime girer. Iyot,
baliklar tarafindan solungag¢ epitelleri ve bagirsak duvar
boyunca iyonik formunda (iyodiir) alinir. Diger hayvanlarda
oldugu gibi, guatr veya hipotiroidizm iyot eksikliginin baglica
sonucudur. Ancak, deniz suyu iyodiir agisindan nispeten zengin
oldugundan, deniz veya aci1 su tiirlerinde iyot eksiklikleri
nadirdir. Tatli su baliklarinda bile, iyodiir eksikligi olan
hipotiroidizm formlar1 nadirdir ¢ilinkii yiyeceklerdeki iyodiir
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genellikle hayvanin ihtiyaglarii karsilamak i¢in yeterlidir.
Tiroid hormonu eksikligi, diyete kolza tohumu yemekleri
eklendiginde glukozinolatlar yoluyla da gelisebilir.

8.9.  Selenyum

Selenyum, glutatyon peroksidaz, tioredoksin rediiktaz ve
iyodotironin 5'-deiyodinaz tip 1, 2 ve 3'lin gesitli izozimleri de
dahil olmak iizere ¢esitli enzimlerin aktiviteleri i¢in gerekli olan
temel bir besindir. Cogu proteinde selenometiyonin ve
selenosistein ~ formunda bulunur.  Glutatyon peroksidaz,
glutatyondan esdegerleri azaltarak hidrojen peroksit ve
hidroperoksitleri alkole parcalayabilir ve bdylece hiicreleri ve
zarlar1 peroksit hasarina karsi koruyabilir. Selenyum ve E
vitamini, c¢oklu doymamis yag asitleri ve diger diyet
faktorlerinin etkilesimi selenyum gereksinimini 6nemli Glgiide
etkiler. Selenyumun solungaglar boyunca alimi diisiik su
kaynakl1 konsantrasyonlarda ¢ok etkilidir. Karaciger ve bobrek,
alabalikta selenyumun atilim siirecinde 6nemli bir rol oynar;
Ancak, ana bosaltim yollarinin solungaglar ve idrar oldugu
goriilmektedir (Hilton, 1989). Selenyum eksikligi gokkusag:
alabalig1 ve kanal yayin baliginda biiylime bozukluguna neden
olur; ancak, selenyum eksikligi tek basina bu baliklarda
herhangi bir patolojik belirtiye neden olmaz. Atlantik
somonunda kas distrofisini ve gokkusagi alabaliginda eksiidatif
diatezi onlemek i¢in diyette hem selenyum hem de E vitamini
gereklidir. Plazma ve Kkaracigerdeki glutatyon peroksidaz
aktivitesi baliklarda selenyum durumunun hassas bir
gostergesidir ve aktivitesi selenyum eksikligi sirasinda azalir.
Gokkusagr alabaligi ve yayin baligi, 10 mg/kg veya tizeri
selenyum igeren diyetlerle beslendiginde nefrokalsinozis dahil
olmak Tlizere toksisite belirtileri goriiliir (Hilton ve Hodson,
1983). Selenyum metil civanin toksisitesini azaltir ve bu nedenle
selenyum eksikligi agir metal toksisitesini artirir.

79



Su Uriinlerinde Ileri Arastirmalar

8.10. Krom

Krom, insanlar i¢in temel bir besin maddesi olarak kabul
edilir. Enzimleri aktive etmede ve proteinlerin ve niikleik
asitlerin yapisal stabilitesini korumada rolii olabilir, ancak
biyolojik olarak aktif bir kompleksteki kromun birincil
fizyolojik rolii insiilinin etkisini giiclendirmektir. Kromun
biyolojik islevi insiilinle yakindan iligkilidir. Sazan ve Nil
tilapisi yemlerine krom takviyesi glikoz kullanimini artirmistir;
ancak bu bulgu diger balik tiirlerinde dogrulanmamistir. Krom,
gidalarda en az iki bigimde bulunur; inorganik Cr® iyonu olarak
ve biyolojik olarak aktif bir molekiiliin pargasi olarak. Biyolojik
molekiiliin tam yapist aktif olarak bilinmemektedir, ancak
nikotinik asit ve bazi amino asitler (glisin, glutamik asit, sistein,
glutatyon) icerdigi varsayilmaktadir. Krom eksikligine yanit
olarak patolojiler gosterilmemistir, ancak yemde yiiksek
seviyelerde oldugunda alt1 degerlikli kromun toksisitesi
bildirilmistir.

9.  DIGER ESER ELEMENTLER

Molibden, flor, kobalt ve bor, diger organizmalarda
metabolik islevleri oldugu bilinen ancak baliklarda belirli bir
eksiklik belirtisi tanimlanmayan elementlerdir. Molibden,
ksantin oksidaz, aldehit oksidaz ve siilfit oksidaz dahil olmak
tizere cesitli enzimlerin temel bir bilesenidir ve burada protez
grubu molibopterin i¢inde bulunur. Flor, dogada nadiren serbest
formda bulunur, ancak kimyasal olarak birleserek dogada
yaygin olarak dagilmis olan floriirleri olusturur. Flor, kalsifiye
dokularin normal bir bilesenidir ve konsantrasyonu dogrudan
flor maruziyetiyle iligkilidir. Kobaltin bilinen tek islevi, B12
vitamininin bir bileseni olarak roliiyle ilgilidir. B12 vitamininin
molekiiler agirligimnin yaklasik %4,5'i elementel kobalttan gelir.
Bi> vitamini hayvanlar tarafindan sentezlenemese de, sindirim
sistemindeki bakteriyel sentez bu vitaminin gereksiniminin
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cogunu karsilar. Sazan balig1 diyetlerine kobalt eklenmesinin,
muhtemelen bakteriyel B;, vitamini sentezi i¢in mineral kaynagi
saglamasinin bir sonucu olarak, biiylime ve hemoglobin sentezi
tizerinde yararlt bir etkiye sahip oldugu tanimlanmistir. Bor’un
gokkusag1 alabaligi yumurtalarinin embriyonik gelisiminde bir
rolii oldugu gosterilmistir (Eckhert, 1998).

10. BESLENME HASTALIKLARI

Baliklarda besin eksikligi ve toksisitesinin morfolojik ve
patolojik belirtileri incelenmistir (Roberts, 2002). Genel olarak,
beslenme hastaliklarin1 karakterize etmek zordur ve balik
ciftliklerinde tek bir eksiklige bagl hastaliklar nadiren goriiliir.
Ornegin, gokkusag: alabaligindaki nefrokalsinozis, magnezyum
eksikligi, yiiksek selenyum alimi, suda yiiksek karbondioksit
seviyeleri ve gida ve su kimyasiyla ilgili diger faktorlerden
kaynaklanir. Baliklarda birkag tek besin eksikligi hastaligi,
deneysel kosullar altinda saflastirilmis diyetler kullanilarak
tanimlanmistir  (Tacon, 1992; NRC, 1993). Belirli besin
maddelerinin veya diyet faktorlerinin dahil olabilecegi,
etiyolojisi  bilinmeyen bulasici hastaliklar bildirilmistir. E
vitamini ve selenyum, pankreas hastaliginin (McCoy vd., 1994)
ve Hitra hastaligimin (Salte vd., 1988) patogenezinde rol
oynamaktadir. E vitamini gereksinimi selenyum, c¢oklu
doymamus yag asitleri, C ve A vitaminleri, antioksidanlar, diyet
yag1 takviyelerinin oksidatif kalitesi ve E vitamininin
biyoyararlanimi gibi diger besin maddeleri ve diyet faktorleriyle
yakindan iligkilidir. Her iki hastaligin nedenine iliskin
arastirmalar, karmasik bir besin maddesi iliskisinin var
oldugunu ve c¢evre ve bakimla ilgili faktorlerin de dahil
olabilecegini gostermektedir. Birden fazla besin maddesiyle
baglantili baliklardaki belirli bozukluklar daha sonraki bir
boliimde tartisiimaktadir. Baliklar, enfeksiyona karsi koruma
saglamak i¢in daha ¢ok spesifik olmayan savunma meka-
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nizmalara bagimlidir. Bulasici hastaliklara karsi direncin bes-
lenmeyle modiilasyonu bes ana gruba ayrilabilir:

1.

Larval asamadan baslayarak bagisiklik sisteminin
gelisimi i¢in gerekli olan amino asitler, ¢coklu doymamis
yag asitleri (PUFA), vitaminler ve eser elementler dahil
olmak tizere makro ve mikro besinlerin uygun bir
dengesi dikkate alinmalidir. Bu besinlerdeki eksiklikler,
lenfoid organlarin uygun gelisimi de dahil olmak {izere
cesitli  gelisim  olaylarimi  etkileyebilir.  Marjinal
eksiklikler, yasamin sonraki asamalarinda bagisiklik
sistemini olumsuz etkileyebilir. Siddetli eksiklikler
hastaliga kars1 duyarlilif1 artiracak ve hayvanin 6liimiine
yol agabilir.

Bagisiklik sisteminin hiicrelerinin boliinmesi ve efektor
molekiilleri sentezlemesi i¢in yeterli beslenme esastir.
Yem, bagisiklik sistemine lenfosit cogalmasini ve efektor
(6rn. immiinoglobulinler, lizozim ve tamamlayici) ve
iletisim molekiillerinin (6rn. sitokinler ve eikozanoidler)
sentezini desteklemek i¢in gerekli amino asitleri,
PUFA'lari, enzim kofaktorlerini ve enerjiyi saglar.
Normal bir bagisiklik fonksiyonunu siirdiirmek igin
besinlere olan nicel ihtiyag, biiyime ve {ireme
gereksinimlerine kiyasla nispeten kiigiiktiir.

Bazi besinlerin patojenlerin g¢ogalmasi i¢in gerekli
substratlar1 (6rn. demir) sagladigini ve viicut sivilarinda
diisiikk konsantrasyonlarda bulunmalariin balik i¢indeki
patojenlerin  biliylimesini  sinirlayabilecegini  dikkate
almak onemlidir.
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4. Diyetlerin endokrin sistem araciligiyla aracilik edilen
bagisiklik sistemi iizerindeki dolayli diizenleyici
etkilerini igerebilir. PUFA'larin ve diger besin
maddelerinin (A ve E vitaminleri) 16kositler tizerindeki
diizenleyici etkisi gosterilmistir. PUFA'lardan {iretilen
eikozanoidler, 0Ozellikle arasidonik asit, humoral
bagisiklik sisteminin 6nemli bir bilesenidir.

S. Yem bilesimi ve yemlerin fiziksel Ozellikleri,
gastrointestinal ~ sistemdeki  mikroorganizmalart  ve
bagirsak epitelinin biitiinliglini degistirebilir.
Oksitlenmis lipitlerin, bitki antinutrisyonel faktorlerinin
(6rn. lektinler, proteaz inhibitorleri ve oligosakkaritler)
ve liflerin wvarhigi, bagirsak fizyolojisini, bagirsak
mikroflora oral popiilasyonunun yapisini ve boyutunu ve
dolayisiyla spesifik olmayan bagisiklik tepkisinin
yonlerini etkileyebilir.

Bozulmus beslenme durumu, gelisimin tiim agamalarinda
kusurlu konak direncine katkida bulunur; ancak larvalar ve geng
baliklar bulagict hastaliklara en duyarli olanlardir. Yetersiz
beslenen baliklar latent enfeksiyonlara ev sahipligi yapar ve
belirli fizyolojik kosullar (6rn. deniz suyu transferi) ve ¢evresel
stres (sicaklik, tuzluluk, su kalitesi, 1s1k ve yogunluk) onlari
enfeksiyonlara  yatkin  hale  getirebilir. ~ Belirli  besin
eksikliklerinin dogustan ve edinilmis bagisiklik iizerindeki
zararlt etkileri deney hayvanlarinda iyi belgelenmis olsa da
baliklar lizerinde yalnizca birkag¢ arastirma yapilmastir.

Ozellikle baliklarda, A, E ve C vitaminlerinin ve mine-
rallerin (demir ve selenyum) konak savunma mekanizmalarin-
daki ve hastalik direncindeki rolii iyi bilinmektedir (Gatlin,
2002). Akut veya kronik enfeksiyonlar genellikle viicuttaki
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Oonemli besinleri tliketir ve ortaya ¢ikan besin eksiklikleri
baliklar1 sekonder enfeksiyonlara karsi daha duyarli hale getirir.
Enfeksiyonlarin veya diger faktorlerin neden oldugu anoreksiya,
ciddiyetine bagli olarak diyet besinlerinin alimin farkh
derecelerde azaltacaktir. Potasyum, magnezyum, fosfat, siilfat,
cinko ve viicut azotu gibi diger 6nemli hiicre i¢i elementlerin
kaybi,  bakteriyel = bobrek  hastaligi  (Renibacterium
salmoninarum) enfeksiyonu sirasinda meydana gelir (Lall ve
Olivier, 1993). Patojenik bagirsak mikroorganizmalar1 bagirsak
hareketliliginde bozulmalara ve mukoza, bagirsak duvari ve lenf
sisteminde yikici ve iltihapli lezyonlara neden olur ve bu da
emilim islevlerini etkileyebilir. Bagirsak parazitleri bagirsak
mukozasina da zarar verebilir ve dogrudan kan ve protein
kaybina yol agabilir. Bagirsak mikroflorasinin sayisi, bilesimi ve
yerindeki degisiklikler de sindirim islevlerini ve besin
maddelerinin emilimini etkiler. Bu nedenle, besinlerin bozulmus
emilimi, bulasici bir siirecin dogrudan veya dolayli olarak
degisen gastrointestinal kusurlarindan kaynaklanabilir. Akut
bulasici hastaliklara ve kisa siireli agliga eslik eden viicut
depolarinin besin tiikenmesini diizeltmek i¢in hizli bir girisim,
iyilesen baliklarin tedavisi i¢in onemlidir. Tiikenen besinlerin
hizla geri kazanilmasi, yetersiz beslenen baliklarda yaygin olan
bir kisir dongiiye yol agan tekrarlayan veya iist iiste binen
enfeksiyonlar1 6nlemeye yardimci olacaktir.

11.  GASTROINTESTINAL SiSTEM BOZUKLUKLARI

Gastrointestinal sistemin birincil islevi, yiyeceklerden
alinan besinleri sindirmek ve o6ziimsemek ve viicudu yutulan
zararlt  mikroorganizmalardan ve  toksik  bilesiklerden
korumaktir. Genellikle sindirim sistemi otgul baliklarda etgil
baliklardan daha uzundur. Cogu baligin peptik sindirime sahip
asidik bir midesi vardir. Gastrointestinal sistemin aktif bir
metabolik organdir ve viicudu zararli maddelere karsi korur.
Besin se¢imi ve bir dereceye kadar yemin duyusal ayrimi, bu
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zararl1 maddelerin balik tarafindan yutulmasindan 6nce alimim
onleyebilir. Tikiiriiglin kimyasal etkisi ve mukus, mide asidi ve
sindirim enzimlerinin iretimi, potansiyel olarak zararli
maddeleri daha da degistirebilir. Birgok yutulan paraziti,
bakteriyi ve virlisii notralize etmek icin liiminal antikorlarin
iretimini igceren karmasik bir bagisiklik sistemi daha fazla
koruma saglar. Temel besin maddelerinin saglanmasi, mukozal
kan akigini, oksidatif enerji tedarikini ve baliklari
gastrointestinal bariyerlerin islev bozukluguna karst koruyan
bagirsak bakteri florasin1 korumak i¢in Onemlidir. Bagirsak
epitel hiicre yapisinin ve bagirsakla iligkili lenf dokusunun ve
belirli liminal mikrobiyal popiilasyonlarin bakimi, toksinlerin
ve zararl bakterilerin bagirsak liimeninden kan dolasimina ve
diger organlara tasinmasii onlemek igin gerekli kabul edilir.
Glutamin, kisa zincirli ve n-3 ¢oklu doymamis yag asitleri ve
niikleotidler gibi ¢esitli besinler ve substratlar, memelilerde
bagirsak mukozasinin biitlinliiglinii korur, ancak baliklardaki
rolleri hala bilinmemektedir.

Baliklarin gastrointestinal patolojisinde bireysel besin
eksiklikleri  karakterize  edilmemistir.  Deneysel olarak
olusturulan esansiyel yag asidi eksikligi, enterositler i¢cinde lipid
birikimine yol agar ve bu da lipid emilimi ve tasinmasi
mekanizmalarinda bir bozulma oldugunu gosterir. Pankreas
atrofisi, A vitamini, pantotenik asit ve biyotin eksikliklerine
yanit olarak ortaya cikar. Beyaz-gri bir bagirsak da inozitol
eksikligine yanit olarak ortaya cikar. En yaygin bagirsak
bozukluklar1 ishal, sivi ve elektrolit bozukluklar1 ve
malabsorpsiyondur.  Yiyeceklerden kusma ve tiikiirme,
potansiyel olarak zararli materyalin ve istenmeyen fiziksel
ozelliklere sahip yem peletinin sindirimini 6nleme islevi goren
bir sindirim bozuklugudur. Asir1 miktarda diyet lipidi ve
enfeksiyon da belirli balik tiirlerinde bu duruma neden olabilir.
Ishal, potansiyel olarak toksik bilesiklerin gastrointestinal
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sistemde bulundugu siireyi azaltma islevi goriir, ancak parazitler
ve bakteriyel enfeksiyonlar gibi diger faktorler tarafindan da
tetiklenebilir. Parazitler gastrointestinal sistemin emici yiizeyine
zarar vererek besin emilimini azaltir. Stres bu durumlari daha da
yogunlagtirabilir. Bazi besin olmayan maddeler, besin
toksisitesi, ilaclar ve toksik bilesikler bagirsak yapisinda
degisikliklere neden olabilir ve karasal hayvanlarda ve
baliklarda immiinolojik olmayan (tiikiiriik salgilari, intraluminal
gastrik pH, proteoliz, bagirsak safra tuzlari, peristalsis, mukus
tabakasi, mikrovillus membrani ve komensal bakteriler) ve
immiinolojik (salgisal immiinoglobinler ve lenfoid dokular)
mukozal bariyerlerin islev bozukluguna neden olabilir.

Bitkisel {tirtinlerde dagitilan sindirim enzimi inhibitdrleri
bir veya daha fazla enzimin aktivitesini inhibe edebilir. Bunlarin
en Onemlileri, oOzellikle baklagiller olmak tizere bitki
tohumlarinda yaygin olan proteaz inhibitérleridir. Sindirim
enzimleri, Ozellikle tripsin ve kemotripsin ile stabil, inaktif
kompleksler olustururlar ve tripsin inhibitorleri olarak
adlandirilirlar. Amilaz inhibitorleri baklagillerde de bulunur.
Sindirim enzimlerinin  bitki proteinleri {izerindeki etkisi,
diyetteki nisasta olmayan polisakkaritler ve fenolik bilesikler
gibi diger antinutrisyonel faktorlerin varligi ve sindirilemeyen
bitki hiicre duvarlarinin ve kabuklu deniz f{iriinleri Kkitinin
fiziksel bariyeri tarafindan da bozulabilir; bu da sindirim
enzimlerinin substratlara erisimini engeller. Bu diyet faktorleri
karbonhidrat, yag, protein ve mikro besin emilimini azaltir.
Lipid ve protein emilimi genellikle diyet emiliminin genel
yeterliligini arastirmak i¢in kullanilir. Bozulmus lipid emilimi,
yag hidrolizinin azalmasi, lipoliz {irliniiniin zayif ¢dziinmesi,
mukozal hastaliklar ve bozulmus tasima mekanizmalarindan
kaynaklanabilir. Pankreas yetersizligi de besin emilimini etkiler
ve sindirim enzimlerinin bazilar1 proteini emilimini hidrolize
etmek icin tam olarak islevsel degildir.
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Deney hayvanlarinda  kullanilan  ¢esitli  ilaglar
vitaminlerin ~ malabsorbsiyonuna  neden  oldugu  gibi
gastrointestinal mikroflora tarafindan sentezlenmesini de etkiler.
Antibiyotik takviyeleri ¢esitli tlirlerde enterik bakterilerin
popiilasyon biiyiikliigiinii ve yapisimi ¢esitli sekillerde etkiler
(Ringo vd., 1995). Yemdeki krom oksit, mikroorganizma
popiilasyonlarinda  degisikliklere neden olur ve arktik
alabaliginda  lipit emilimini  azaltir  (Ringo, 1993).
Mikroorganizmalarin yararli ve olumsuz etkileri, ¢ok cesitli
cevre kosullart altinda yetistirilen ve cesitli yem bilesenleri ve
takviyelerinden formiile edilen diyetlerle beslenen balik tiirleri
arasinda degisebilir.

Besin etkilesimleri, bayat yemler, ilaglar, gida katki
maddeleri ve toksinler de dahil olmak iizere diger bazi diyet
faktorleri, bagirsak fonksiyonunu ve besinlerin sindirimini ve
emilimini etkiler. Oksitlenmis hayvansal ve balik¢ilik yan
iiriinlerinden (balik, mezbaha sakatati, tuzlanmis balik) yapilan
bayat yemlerle veya uzun siire saklanan yemlerle beslenme
nedeniyle mide ve bagirsakta ciddi iltithaplanmalar gelisebilir.

12. KARINDA SISKINLIK (GASTRIK DiSTANSIYON)

Deniz suyunda yetistirilen gokkusagi alabaligi ve
Chinook somonunda etiyolojisi belirsiz bir durum, karin ve mide
siskinligine (Staurnes vd., 1990; Lumsden vd., 2002) yol a¢tig1
icin su gobegi, siskinlik ve gastrik dilatasyon hava kesesi iltihab1
olarak adlandirilmistir. Etkilenen baliklarda, lipit damlaciklari
veya sindirilmemis yemle karigik biliylik miktarda sulu sivi
iceren sigkin bir mide ve serum sodyum ozmolaritesinde énemli
bir artig goriiliir (Staurnes vd., 1990). Hem diisiik su sicakligi
hem de yiiksek tuzluluk, ozmoregiilator basarisizlia neden
olarak ozmotik strese yol acabilir ve bu da karin sigkinligini
tetikleyebilir (Rervik vd., 2000). Bu durum sporadik olarak
gbzlenir ancak esas olarak baliklarin hayatta kalamamasindan
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dolay1r 6nemli kayiplara neden olabilir. Gokkusagi alabaliklar
lizerinde yapilan bir calisma, midedeki yem peletlerinin diisiik
su stabilitesinin lipidin ayrilmasina ve birikmesine neden
oldugunu gostermektedir. Bu durum, dalgalanan tuzluluk ve su
sicakliginin neden oldugu ozmotik stres ve daha yiiksek
beslenme orani ile daha da belirginlesmektedir (Baeverfjord vd.,
2006). Bu nedenle diyetin diisiik su stabilitesi midede yag
ayrilmasina neden olur ve bu da ozmotik stresten muzdarip
alabaliklarda yag gegirmesine neden olabilir. Histamin ve diger
biyojenik aminler igeren yemlerle beslenen gokkusagi
alabaliklarinda da mide siskinligi meydana geldigi gortilmiistiir
Fairgrieve vd., 1994).

Antinutrisyonel faktorler ve enterit bitkisel proteinler, lif,
karbonhidratlar, proteaz inhibitorleri, guatrojenler,
antivitaminler, tanenler, fitik asit, saponinler, lizinoalanin,
Ostrojenler, antijenik proteinler vb. iceren antinutrisyonel
faktorler icerir. Dogal ve diger toksik maddelerin biyolojik
etkileri, bilesigin dogasina ve konsantrasyona veya doza
baglidir. Zararli bir madde iceren besinlerin geri gelmesi veya
diyetlerin zayif kabul edilebilirligi, bazi dogal toksik bilesenler
icin ilk tepki olabilir. Bu bilesikler, enzim baskilanmasi veya
mukozal hiicre biliyiimesi, doniisiimii veya villus yapisi i¢in
uyarici, engelleyici veya toksik olabilecek etkiler yoluyla
bagirsagin emilim kapasitesini etkiler. Somon baliklarinda
yemle iliskili bagirsak bozukluklarinin en iyi karakterize edilmis
nedeni tam yagli ve ekstrakte edilmis soya unu ile indiiklenir
(Rumsey vd., 1994; Beaverfjord ve Krogdahl, 1996; Van den
Ingh vd., 1996). Atlantik somonu ve gokkusagi alabaliginin
distal bagirsaginda subakut bir inflamatuvar yanita neden olur
ve genellikle doza bagli bir sekilde azalmig biiylime performansi
ve besin kullamimu ile birlikte ishal ile iliskilidir. Inflamasyon
kisa siireli maruziyetten sonra histolojik olarak tespit edilebilir
ve soya unu diyetten ¢ikarildiktan sonra azalir. Etkilenen distal
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bagirsakta karisik bir T lenfosit popiilasyonunun katilimi ve
apoptozis, proliferasyon ve stres tepkileri geciren epitel
hiicrelerinin sayisinin arttig1 da gosterilmistir (Bakke-McKellep
vd., 2007).

Saponinler deterjan 6zelliklerine sahiptir ve bu bilesenin
ylksek konsantrasyonlarini iceren yem bilesenlerinin kullanimi,
zar yapisini ve islevlerini etkileyebilir. Soya fasulyesi lektinleri
ayrica bagirsakta morfolojik degisikliklere neden olur ve
oncelikle Atlantik somonunda ince bagirsaga baglanir
(Hendricks vd., 1990), soya fasulyesi unu kaynakli degisiklikler
ise Oncelikle distal bagirsaktadir (Van den Ingh vd., 1996).
Bagirsak iltihabinin siddeti, somon tiirleri ve diger deniz balig
tirleri arasinda degisebilir. Atlantik somonundaki enterit,
insanlardaki ¢6lyak hastaligina benzer ve enteritin soya fasulyesi
peptitlerine kars1 alerjik bir reaksiyon olabilecegi oOne
stiriilmektedir (Beaverfjord ve Krogdahl, 1996). Soya fasulyesi
tirinlerindeki saponinler ayrica bagirsakta misel olusumunu
engeller ve lipit emilimini etkileyebilir. Proteaz inhibitorleri,
Ornegin tripsin inhibitorleri, protein sindirimini etkiler.
Baliklarda soya kiispesindeki antinutrisyonel faktorlerle ilgili
Onerilen mekanizmalar sunlardir:

1. Bagirsagin firgamsi kenarinda hidrolizlerinin azalmasiyla
besin emiliminin azalmasi;

2. Bagirsak mukozast boyunca tasima kapasitesinin
bozulmasi;

3. Proteinin yeniden emiliminin azalmasi nedeniyle digkida

pankreas enzimlerinin asir1 kaybu.
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13. KARACIGER BOZUKLUKLARI

Karaciger, kandaki besinleri, toksinleri ve ilaglari
metabolize eden ve detoksifiye eden benzersiz bir metabolik
organdir. Protein, karbonhidrat, lipit ve mikro besin
metabolizmasinda hayati bir rol oynar ve substrat
bulunabilirligindeki degisikliklere ragmen besin kan seviyelerini
sabit bir seviyede tutar. Karaciger, plazma proteinlerini,
esansiyel olmayan amino asitleri ve diger azotlu bilesikleri,
glikojeni ve anabolik hormonlar ve insiilin benzeri biiylime
faktorleri de dahil olmak iizere hormonlar1 sentezler. Karaciger
ayrica bagirsak yag emilimi i¢in gerekli olan safrayi lireten lipit
metabolizmasi i¢in énemli bir yerdir. Bu hayati organa verilen
hasar beslenme durumunu etkiler ve metabolik islevlerdeki
bozukluklar besin eksiklikleri ve toksisiteleri ve yetersiz
beslenme nedeniyle gelisir. Karaciger, bir 6giine yanit olarak
salgilanan kolesterolden safra asitleri sentezler. Safra asitleri
yetersiz miktarlarda salindiginda, kritik misel konsantrasyonu
etkilenir ve bu da dogrudan lipit emilimini etkiler. Karacigere
verilen hasar, karacigerin glikoz {iretiminin ana yeri olmasi
nedeniyle glikojen depolarin1 olumsuz etkileyebilir. Karaciger
bozukluklar1 ayrica plazma aminoasit konsantrasyonunu ve
baliklarin aminoasitleri yeterince kullanamamasini da etkiler.

Metabolik karaciger bozukluklar1 karacigerin renginin
degismesine ve hepatosomatik indekste (HSI) artis veya
azalmaya, yaglh karacigere veya diger patolojik belirtilere neden
olabilir. Esansiyel yag asidi eksikligi, cesitli balik tiirlerinde HSI
artisina, sismis soluk karacigere ve yagl karacigere neden olur
(Tacon, 1992). Tim somon baliklar1 ve bazi deniz baliklari,
oksitlenmis lipit iceren bayat yemlerle beslendiklerinde lipoid
karaciger dejenerasyonuna duyarlidir. Genel olarak, oksitlenmis
lipit karaciger lipit metabolizmasini ve lipoid dejenerasyonu
(seroit birikimi), depigmentasyon, safra kanalinin gerilmesi ve
anemik, soluk ve sismis karaciger dahil olmak iizere karacigerin
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cesitli metabolik bozukluklarini etkiler. Karaciger hiicreleri
genellikle yag vakuolleri tarafindan gerilir. Karacigerde agir yag
infiltrasyonu varsa, hepatik fonksiyon bozulur ve dolagimdaki
proteinde azalma meydana gelir. Pamuk tohumu triinlerindeki
siklopropenoik asitler baliklar icin toksiktir ve kapsamli
karaciger hasarmma neden olur. Yagli karacigerin karaciger
hiicrelerine infiltrasyonu ¢iftlik baliklarinda yaygin olarak
goriilse de, ozellikle gadoidler olmak {izere bazi dogal baliklar,
dogal besin organizmalarinin deniz verimliliginin bol oldugu
yaz aylarinda karacigerlerinde biiylik miktarda lipit biriktirir.
Biiyiimiis karaciger ve soluk beyaz veya sar1 renk gibi benzer
yagh karaciger durumlari, diyetlerine daha yiiksek seviyelerde
lipit eklendiginde ciftlik baliklarinda gelisir. Mezgit, morina ve
diger gadoidlerde, lipit depolanmasinin birincil yeri karacigerdir
ve Kkaracigerde %60'tan fazla lipit depolanir.. Kiiltiir
gadoidlerindeki HSI genellikle %12'yi asar, oysa yabani morina
baliginda %2-6'lik bir hepatosomatik indeks normal kabul edilir.
Bu baliklardaki karaciger lipidi esas olarak triasilgliserollerden
(>%90) olusur. Haddock'un karaciger fonksiyonu, karacigerde
bulunan agir1 miktardaki lipitten (>%65) veya yiiksek HSI'den
(%11-17) etkilenmez, ancak karaciger lipit peroksidasyonuna
daha duyarlidir (Nanton vd., 2001). Bu gadoid baliklari, somon
baliklarmin  aksine, depolanan biiyiik miktardaki lipidi
karacigerden kaslara depolama igin tagima yetenekleri diigiiktiir.
Dogal baliklarin aksine, diisiik lipitli yemlerle beslendiginde
karacigerdeki lipidin tiikketimi yavastir.

14. KATARAKT VE GOZ HASTALIKLARI

Katarakt, mercegin  opaklagsmasidir ve  goOrme
fonksiyonunda azalmaya neden olur. Kataraktin yaygimligi
ciftlik baliklarinda ve dogal baliklarda iyi arastirilmistir (Bjerkés
vd., 2006). Mercekten anormal 151k dagilimina aracilik eden ve
gorme yeteneginin azalmasina ve nihayetinde korliige neden
olan gbz merceginde veya mercek kapsiilinde opaklasmalar
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icerir. Kataraktlar, mercek liflerinin normal diizeninin
bozulmasindan veya mercegin proteinlerinin konformasyonunda
veya su baglama kapasitesinde meydana gelen degisikliklerden
gelisir  (Benedek, 1997). Atlantik somonunda kataraktlar
genellikle Kkortekste lokalize olur, ancak yaygin kataraktlar
cekirdegi de etkileyebilir (Bjerkas vd., 1996; Wall 1998). Ciftlik
baliklarinda katarakt, beslenme eksiklikleri (veya gida
yoksunlugu ve hizli biiylime), kotii su kalitesi, toksik maddeler,
diisiik su sicakligi, ozmotik dengesizlik, parazitemi, radyasyon
hasari, fizyolojik stres, kimyasallar (ilaglar ve kirleticiler), stres
travmasi ve giivenli olmayan kiiltiir sistemlerinden kaynaklanan
yaralanmalar gibi ¢evresel faktorler ve kalitsal yatkinlik ve
triploid yap1 gibi genetik faktorler nedeniyle olusabilir (Bjerkas
vd., 2006 ). Katarakt patogenezinde birden fazla veya tek besin
maddesi rol oynayabilir. Sekiz besin maddesinin eksikligi goz
bozukluklarinin patogeneziyle iliskilendirilmistir: A vitamini
nedeniyle ekzoftalmi, bulaniklasma ve lensin ciddi
dejenerasyonu; tamin nedeniyle korneanin bulaniklagsmasi;
riboflavin nedeniyle kornea ve retinanin dejenerasyonu; ve
kiikiirt amino asitleri (metionin ve sistin), triptofan, histidin ve
cinko (Tacon, 1992; Bjerkds vd., 2006) tarafindan diger goz
dokulariin katilimi1 olmaksizin merceksel opaklik. A vitamini
eksikliginin neden oldugu benzersiz bir gbéz patolojisi,
gokkusagi alabaliginin ekspotalmus ve retinasini ve korneasini
icerir. Baliklarin besin gereksinimleri yasam dongiisii boyunca
degisebilir. Atlantik somonunda, katarakt belirli genetik suslarda
smoltifiksiyon ve smoltifiksiyon sonrasi donemde gelisir
(Bjerkds vd., 1996). Patogenezde histidin eksikligi ve yiiksek
lipit seviyeleri ve diislik protein igeren yliksek enerjili bir yemle
beslenen smoltlarin daha yiiksek biiyiimesi (Waagbe vd., 2003;
Breck vd., 2005) dahil olmak iizere birka¢ diyet faktorii rol
oynar. Atlantik somonu, deniz suyuna transfer edilmeden 6nce
smoltifiksiyon sirasinda karakteristik fizyolojik degisiklikler
gecirir. Smoltifiksiyon donemindeki fizyolojik ve ¢evresel strese
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ek olarak, besin eksiklikleri katarakt sorunlarini daha da
artirabilir.

Katarakt olusumunda rol oynayan biyokimyasal
mekanizmalar iyi anlasilmamistir ¢linkii birden fazla besin,
genetik ve cevresel faktor rol oynayabilir. Asirt miktarda
mineral (yliksek kiil), ozellikle yiiksek kalsiyum ve fosfor
seviyeleri, ¢inko biyOyararlanimini azaltir ve somon balidi
tiirlerinde katarakt olusumuna ve diger balik tiirlerinde ¢inko
eksikligine neden olur. Cinkonun temel islevi, bir dizi
metaloenzimin ayrilmaz bir bileseni olarak ve alkalin fosfataz ve
sitolik siiperoksit dismutaz gibi belirli ¢inko bagimli enzimlerin
aktivitesini diizenlemek i¢in bir katalizor olma roliine dayanir.
Atlantik somon yavrularinda, diyet histidininin katarakt:
onlemede oOnemli bir faktor oldugu goriilmektedir ve faydal
etkiler, yiiksek histidin seviyeleri ve lenste tamponlama ve
antioksidan 6zelliklere sahip N-asetil histidin (NAH) birikimi ile
iliskilidir (Bjerkas vd., 2006). Ayrica, NAH muhtemelen lens
suyu homeostazinda onemlidir. Lipid ve proteinin oksidasyonu
deney hayvanlarinda katarogenezin onemli bir mekanizmasi
olarak kabul edilir (Varma vd., 1995). Bazi oksidanlar
antioksidan sisteminin savunma bariyerlerini asabilir ve epitel
ve lens lif hiicre zarlarinin bilesenlerine ve elektrolit dengesinin
korunmasinda yer alan enzimlere saldirabilir ve sonunda bu
hiicrelerin homeostazi siirdiirme yeteneginin kaybolmasina
neden olabilir. Katalaz ve stiperoksit dismutaz gibi antioksidan
enzimler lens hiicre zarini oksidatif stresten korur. Ultraviyole
radyasyon ve diger biyokimyasal mekanizmalar tarafindan
aktive edilen oksijen lens kristalinlerini oksitleyebilir ve boylece
protein agregasyonu {iretebilir. Vitaminler (tiamin, riboflavin, A
vitamini) ve bazi amino asitler (metionin, sistin, triptofan)
katarakt etiyolojisindeki onemlerini belirlemek i¢in daha fazla
aragtirma  gerektirmektedir.  Besin  eksiklikleri  Kkatarakt
olusumunda 6nemli bir faktér olmaya devam etmektedir; ancak
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cesitli  fizyolojik ve genetik faktdrlerin goz Onilinde
bulunduruldugu multidisipliner bir yaklagim, bu kritik hastaliga
yol acan olaylar dizisini agiklayabilir.

15. NEFROKALSINOZIS

Nefrokalsinozis, bobrek tiibiillerinde ve kanallarinda
graniiler kalsiyum fosfat birikimini iceren bir bobrek
rahatsizligidir. Bu birikimler, biiylimede, besin doniistimiinde ve
bobrek fonksiyonlarinda azalmaya neden olabilir. Kot su
kalitesi, Ozellikle diisiik oksijen ve yiiksek karbondioksit
seviyeleri, magnezyum eksikligi (Cowey vd., 1977) ve
selenyum (Hilton vd., 1980) ve arsenik (Cockell, 1991)
toksisitesi gibi ¢esitli diyet ve cevresel faktorler nefrokalsinoza
neden olur. Kalsiyum, magnezyum, bikarbonat ve fosfat,
osmoregilator siireclerde dogrudan yer almaz; ancak énemli bir
osmoregilator organ olan bobregin isleyisini etkiler. Cesitli
diizenleyici siireglerde solunum oksijen saglar ve karbondioksiti
uzaklagtirir,  sindirim  besin  seviyelerini  korur  ve
osmoregiilasyon sivilarin hacmini ve bilesimini kontrol eder.
Yiiksek karbondioksit seviyeleri normal bdbrek fonksiyonunu
etkileyerek kalsiyum birikimine neden olabilir. Kalsifikasyona
ek olarak, magnezyum eksikligi vertebra deformitesi, pilor
korbagirsak  ve solungag liflerinin  kas lifleri ve epitel
hiicrelerinin dejenerasyonu, konviilsiyonlar ve katarakt gibi
diger patolojik belirtilere neden olur (Lall, 2002). Atlantik
somonu ve ¢ipura deniz suyu ortaminda magnezyum eksikligi
belirtileri gdstermez, ¢iinkii Mg konsantrasyonu tatli sudakinden
cok daha yiiksektir ve magnezyumu deniz suyunu igerek alirlar.
Bununla birlikte, deniz suyunda yetistirilen gokkusagi
alabaliginda nefrokalsifikasyon siklikla goriilir. Somon
baliklarinin tath suda yetistirme donemindeki diisiik su kalitesi
(diisiik oksijen ve yiiksek karbondioksit) ve diger faktorler erken
nefrokalsifikasyon belirtilerine neden olabilir, ancak klinik
belirtiler deniz suyu transferinden sonra gelisir.
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16. ISKELET BOZUKLUKLARI

Ciftlik baliklarindaki iskelet bozukluklar1 beslenme,
cevre ve genetik faktorler arasindaki karmasik ve yeterince
anlagilmamis bir iligskiyle baglantilidir. Birkag makro ve mikro
besinin beslenme durumu iskelet dokularinin normal gelisimi
icin dnemli kabul edilir (Lall ve Lewis-McCrea, 2007); ancak
baliklarda belirli besin eksiklikleriyle baglantili  kemik
bozukluklarinin patogenezi hakkinda sinirli bilgi mevcuttur.
Morfolojik olarak balik kemikleri dermal bas kemikleri, i¢
iskelet ve pullardan olusur. Iskelet, gelisimin ve bilyiimenin
cesitli asamalarinda siirekli yeniden sekillenmeye ugrayan
metabolik olarak aktif bir dokudur. Balik kemikleri ve pullari,
tip I kollajen liflerinden olusan bir matrise gdmiili kalsiyum
hidroksiapatit tuzlarindan olusur. Organik kemik matrisi
cogunlukla kollajen ve kalsiyum fosfatin (Cajo(PO4)s(OH)2)
hidroksile edilmis bir polimeri olan hidroksiapatitten olusur;
Ancak kikirdak, kikirdak tipine bagli olarak mineralize olabilen
veya olmayabilen ekstraseliiler bir matristeki hiicrelerden olusur
(Hall, 2005). Kikirdak oncelikle glikozaminoglikanlardan,
ozellikle kondriotin siilfatlar ve proteoglikanlardan olusur.
Kemik ve kikirdaklar, normal ontojeni altinda embriyonik,
larval, juvenil veya yetiskin asamalarda ve ayrica patolojik
durumlarda, yara onariminda ve kemik rejenerasyonunda gelisir.
Ug tip hiicre, kemik yeniden sekillendirme siirecinde ve kemik
olusumunda, rezorpsiyonunda ve mineralizasyonunda 6nemli bir
rol oynar: osteoblastlar (kemik olusturan hiicreler), osteositler
(kemik matrisinin i¢inde hapsolmus) ve osteoklastlar (¢ok
cekirdekli kemik rezorbe eden hiicreler). Iskelet biiyiimesi,
osteoklastik hiicre aktivitesi yoluyla tekrar tekrar yeniden
emildigi ve daha sonra osteoklastik etki ile daha biylik bir
sablon 1lizerinde yeniden olusturuldugu kemik yeniden
sekillendirme siirecinde elde edilir. Kemik modellemesi ve
yeniden sekillendirme etkilendiginde deformiteler gelisir. Cogu
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iskelet metabolik hastaliginda kemik mineralizasyonu, bu
siirecte osteoblastik kontrollii bir islevi de igeren matrisin
yeniden olusumunu igerir. Kemik rezorpsiyonu, olusumu ve
mineralizasyonu ¢esitli hormonlar, bliylime faktdorleri, sitokinler,
besinler ve diger faktorler gerektirir. Deformiteler, ¢iftlik balik
tiriinlerinin billylimesini, gelisimini, hayatta kalmasini ve piyasa
degerini etkiler. Kifoz (kambur), lordoz (eyer sirti, kambur),
skolyoz (omurlarin donmesiyle lateral egrilik) ve platispondili
(kisa kuyruklu, sikistirilmis omurlar) gibi ¢esitli tipte vertebral
ve spinal malformasyonlar baliklarda bildirilmistir. Bu
bozukluklar omurlarin kaynagmasi, boyun egikligi, basik burun,
egik ¢ene, c¢enenin One ve asafiya dogru ¢ikintisi, kisa
operkulum ve diger kusurlart (kiiclltiilmiis veya asimetrik
ylzgegler, vb.) gosterebilir. Genellikle bu deformiteler birkag
deformitenin birlesimi olabilir; ancak boyun, vertebral ve spinal
bozukluklar en yaygin olanlardir ve genellikle diyet faktorleriyle
baglantilidir.

Besin eksiklikleri veya minerallerin (kalsiyum, fosfor,
cinko, selenyum ve manganez) ve vitaminlerin (A, D, C, E ve
K) toksisiteleri ve bunlarin etkilesimleri ve lipid
peroksidasyonu, baliklarda iskelet deformitelerinin patogenezine
neden olabilir (Lall ve Lewis-McCrea, 2007). Bu besinlerin
kemik bozukluklar1 iizerindeki etkileri deneysel olarak
iretilmistir, ancak patogenezde yer alan biyokimyasal
mekanizmalar yeterince anlagilmamustir. Yukarida belirtilen
besinlere ek olarak, protein, magnezyum, potasyum, bor, bakir,
silikon, vanadyum, stronsiyum ve floriiriin de karasal
hayvanlarda ve insanlarda kemik olusumunu veya
mineralizasyonunu destekledigi bilinmektedir, ancak baliklarda
incelenmemistir. Kemikle ilgili metabolik siiregler igin dogrudan
veya dolayl olarak bagka B vitaminleri ve minerallere de ihtiyag
duyulabilir. Baliklarin iskelet dokusu metabolizmasinda yer alan
biyokimyasal mekanizmalar diger omurgalilardan farklhidir.
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Karasal omurgalilarin aksine, baliklarda kemik kalsiyum
diizenlemesinin ana bolgesi degildir (Lall, 2002). Kalsiyum
emiliminin diizenlenmesi solungaglarda, yilizgeclerde ve agiz
epitellerinde gergeklesir ve D vitamini ve metabolitlerinin
kalsiyum ve fosfor homeostazinda sinirli bir rolii vardir (Vielma
ve Lall, 1998). Omurgalilarin kemik metabolizmasinda 6nemli
bir D vitamini metaboliti olan 1,25-(OH),D3;, Atlantik
somonunun kemik olusumu {izerinde higbir etkiye sahip degildi
(Graff vd., 1999). Karasal hayvanlarda iskelet olusumu diyetle
alinan kalsiyum temini ve metabolizmasiyla yakindan baglantili
olmasmna ragmen, baliklar sudan Ca emer ve kemik
mineralizasyonu i¢in diyetle alinan fosfor teminine bagimlidir.
Kemik gelisimi ve biiylimesi, konsantrasyona ve diyetle alinan
fosforun mevcudiyetine biiyiik 6l¢iide baghdir.

Fosfor eksikligi veya asir1 alimi iskelet boyunca iskelet
anormalliklerinin ~ olusumuna  neden  olabilir.  Fosfor
eksikliginden kaynaklanan yaygin iskelet deformiteleri arasinda
Atlantik somonunda kavisli dikenler ve yumusak kemikler
(Baeverfjord vd., 1998), sazan baligmin frontal kemiklerinde
sefalik deformiteler ve mezgit baliginda (ve pisi baliginda
skolyoza neden olan sikistirilmis vertebral govdeler bulunur
(Roy ve Lall, 2003). Fosfor eksikliginden etkilenen kemikler,
mineral igeriginin azalmasi nedeniyle yumusak ve kirilgandir ve
kas hareketiyle kemikler biikiiliir. Fosfor eksikligi olan mezgit
baliginin histolojik ve histokimyasal incelemesi, baslangicta
kemik rezorpsiyonunda bir artis oldugunu, bunun daha sonra
kemik mineralizasyonunda bir azalma ve kemik olusumunun
azaldigimi gosterir (Roy ve Lall, 2003). Baliklarda diger
minerallerle ilgili iskelet bozukluklar1 aragtirllmamistir.
Magnezyum, ATP metabolizmasindaki rolii ve gesitli enzimlerin
bir kofaktérii dolayli olarak kemik mineral metabolizmasini
etkiler. Floriir, hidroksiapatit kristalindeki hidroksil gruplariin
yerini alarak kemikte daha az ¢oziiniir floroapatit olusturabilir
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ve bu da kristalizasyonu ve kemik kirilganligini etkiler. Cinko,
osteoblastik aktivite, kolajen sentezi ve alkali fosfat aktivitesi
icin  gereklidir. ~ Bakir, kemik  olusumunu, iskelet
mineralizasyonunu ve bag dokularinin biitiinliigiinii etkiler.
Bakir igeren bir enzim olan lizil oksidaz, kolajen liflerinin
capraz baglanmasi i¢in gereklidir ve bdylece bag dokularimni
olusturan proteinin giiciinii artirir. Demir, kollajen kemik matrisi
sentezinde yer alan enzimlerde bir kofaktor olarak gorev yapar.
Iki demir bagimli enzim, prolil ve lizil hidroksilazlar, matrisin
lizil oksidaz tarafindan c¢apraz baglanmasindan onceki
biyokimyasal adimlarda esastir. Manganez, kemik matrisi
olusumunda mukopolisakkaritlerin biyosentezi igin gereklidir ve
kemik dokularindaki g¢esitli enzimler i¢in bir kofaktordiir.
Genellikle, ¢inko, manganez, bakir ve demir eksiklikleri diistik
vertebra minerali (toplam kiil) icerigine ve bu minerallerin
kemikteki daha diisiik konsantrasyonuna yansir (Lall, 2002).
Cinko ve manganez eksiklikleri kisa viicut ciliceligine ve kafatasi
deformitelerine neden olur; ancak, bu eser elementlerle iliskili
kemikteki histomorfik degisiklikler karakterize edilmemistir.

Iskeletin gelisimi icin gerekli vitaminler arasinda,
baliklarin iskelet dokusu metabolizmasinda dort vitaminin (A,
C, E ve K) rolii gosterilmistir. A vitamininin énemli bir islevi,
hiicresel farklilasma ve c¢ogalmanin ve suda yasayan
organizmalarin ~ embriyonik  gelisimi ve  biiylimesinin
diizenlenmesidir (Haga vd., 2002). A vitamini, kondrosit
fonksiyonunu, hiicrelerin olgunlagmasini ve ¢gogalmasini kontrol
ederek iskelet olusumunu ve kikirdak gelisimini diizenler
(Koyama vd., 1999). Retinoid toksisitesi, kolajen sentezini ve
kemik olusumunu azaltmanin yani sira osteoklast sayisini
artirarak net kemik kaybina neden olur (Frankel vd., 1986) ve
iskelet dongiisiinii artirir (Hough vd., 1988). A vitamini
toksisitesi kondrosit olgunlagsmasini ilerletir ve osteoklastlar
uyarir, bu da kemik matrisinin iretimini geciktirir ve erken
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mineralizasyon yoluyla vertebral kolonun gelisimini hizlandirir
ve vertebral anormalliklere neden olur (lwamoto vd., 1994).
Erken mineralizasyon, vertebral egrilikler (Dedi vd., 1997),
vertebral kompresyon (Takeuchi vd., 1998), vertebral fiizyon
(Dedi vd., 1997) ve c¢ene deformiteleri (Haga vd., 2003) dahil
olmak iizere iskelet deformitelerine neden olabilir. Iskelet
anormalliklerinin embriyonik ve ilk beslenme asamalarinda
baslamasi, Japon pisi baliginda (Paralichthys olivaceus)
kapsamli bir sekilde incelenmistir (Takeuchi vd., 1995). Japon
pisi baliginda, retinoik asit anormal faringeal kikirdak gelisimini
uyarir, ¢linkii retinoik asit proteoglikan sentezinin diizenlenmesi
yoluyla kikirdak rezorpsiyonunu ve biiylimesini kontrol eder
(Suzuki vd., 1999; Haga vd., 2002). Levrek larvalarinda, daha
yiuksek A vitamini seviyeleri gecikmis bir vertebral gelisime
neden olmus ve sefalik bolgedeki kemik olusumunu etkilemistir
(Villeneuve vd., 2006). Geng¢ Atlantik pisi baliginda daha
sonraki  gelisim asamalarinda A  vitamini  toksisitesi
olusturuldugunda, faringeal iskelette anormallikler
gbzlemlenmistir (Lall, 2010).

Askorbik asit (C vitamini) baliklarin kemik olusumu,
kollajen sentezi ve bag dokusu metabolizmasi i¢in gereklidir
(Halver, 2002). Bu suda ¢6ziinen vitamin, prolin ve lizinin
hidroksilasyonunda bir yardimei faktordiir. Bu amino asitlerin
hidroksilasyonu, prokollajenin olgun kollajene doéniisiimii igin
gereklidir. Iskelet malformasyonlar1 gdsteren askorbik asit
eksikligi olan baliklarda hidroksilasyonu diisiik kollajen ve
hidroksilizin ve hidroksiprolin oranlarinda azalma vardir.
Eksiklik, alkali fosfataz aktivitesini ve osteoblastik aktiviteyi
azaltir, bu da zayif kemik kalsifikasyonu ve metabolizmasiyla
sonuglanir (Johnston vd., 1994). Lordoz ve skolyoz gibi iskelet
anormallikleri birka¢ balik tiiriinde gbzlemlenmistir ve etkilenen
omurga bolgeleri tiire baghdir. Lordozis, gokkusag: alabaligi ve
Japon pisi baliginda omurganin orta hemal bélgesinde ve inci
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cikliti (Geophagus brasiliensis) kuyruk bolgesinde yaygin
olarak bulunurken, Atlantik pisi baliginda omurga boyunca
kolyozis yaygindir (Lall ve Lewis-McCrea, 2007).
Anormallikler, daha geng¢ baliklarda artmig kemik biiylimesi ve
dontisiim oranlar sergiledigi i¢in, larval ve geng baliklarda yasl
baliklara gore daha sik goriiliir (Sato vd, 1982). E vitamini,
ozellikle osteoblastlar tarafindan iiretilen kemik matrisinde
olmak iizere protein sentezini uyarir. Insanlarda yag asidi
peroksidasyonu kemik hiicresi hiicre zar1 bilesenlerini degistirir,
bu da hiicrelerin isglevini ve biitiinliigiinii etkiler ve kemik
yeniden sekillenmesinin veya sekillenmesinin bozulmasina
neden olur (Raisz, 1993; Xu vd., 1994; Watkins vd., 1997). Bu,
osteoblastlarin inhibisyonu ve osteoklastlarin uyarilmasiyla
sonuglanabilir ve sonugta net kemik kaybina neden olur
(Parhami vd., 1997; Tintut vd., 2002; Parhami, 2003). Kemik
olusumunda azalma ve kemik rezorpsiyonunun uyarilmasi, pisi
baliginda gozlemlendigi gibi iskelet anormalliklerinin
gelismesine neden olabilir (Lewis-McCrea ve Lall, 2007).

K vitamini eksikligi karasal hayvanlarda kemik
proteinlerinin sentezini etkiler. Bu vitamin, glutamilin v-
karboksiglutamil kalintilarina doniisiimiinii  kolaylastiran K
vitaminine bagli karboksilaz i¢in bir yardimei faktor olarak islev
goriir. Kemikte, oOzellikle osteokalsin ve matris -
karboksiglutamil proteini olmak iizere belirli y-karboksiglutamil
igeren proteinler kemik metabolizmasinda rol oynar (Vermeer
vd., 1995). K vitamini eksikligi, mezgit kemik anormalliklerine
ve zayif kemiklere neden olmus ve kemik gelisimini etkilemistir
(Udagawa, 2004; Roy ve Lall, 2007). Diisiik fosfolipid alimi1 ve
asirt miktarda PUFA, deniz baligi larvalarinda da vertebral
malformasyonlara neden olabilir (Kanazawa, 1993; Villeneuve
vd., 2006). Balik iskelet dokulari, lipid peroksidasyonuna karsi
Ozellikle hassas olan Onemli miktarda lipid, PUFA ve
mikronutrient igerir. Balik kemikleri %24-90 kadar ytiksek
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oranda lipid igerebilir (Phleger, 1991). Antioksidanlar (6rn. E
vitamini, C vitamini, selenyum ve glutatyon) ve antioksidatif
enzimler (6rn. glutatyon peroksidaz, katalaz ve siiperoksit
dismutaz) serbest radikalleri temizler ve boylece dokuyu lipid
peroksidasyonuna kars1 korur.

17.SOLUNGAC HIPERPLAZISI

Solungag¢ lezyonlarina neden olabilen ¢ok sayida faktor
arasinda, pantotenik asit ve diger mikro besinlerin eksikligi,
gokkusagi alabalig1 ve kanal yayin baliginda beslenme solungag
hastaliginin nedeni olarak tanimlanmistir. Klinik olarak eksik
baliklar solungag hiperplazisi sergiler ve gokkusag: alabaliginda
sekonder lamellerin fiizyonu nedeniyle topuzlu solungaclar
gelisir (Wood ve Yasutake, 1957; Masumoto vd., 1994).
Fiizyon, pantotenik asit eksikligi olan baliklarda, diisiik su
kalitesiyle 1iliskili solunga¢ hastaliklarinda oldugu gibi,
lamellerin uglarindan ziyade solunga¢ lamellerinin tabaninda
baglar. Kalkan baliginda, esansiyel yag asidi eksikligi solungag
hiperplazisine ve solungag¢ zari lipit bilesiminde degisikliklere
neden olur (Bell vd, 1985). Pantotenik asit eksikligi olan bir
diyetle beslenen gokkusagi alabaligi yavrularinda, anoreksiyanin
baslangic1 solunga¢ lamel hiperplazisinden once gelir (Karges
ve Woodward, 1984). Lamellerin kaynasmasi solungaglarin
solunum kapasitesi lizerinde islevsel sonuglara sahiptir.

18.  YUZGEC VE DERIi LEZYONLARI

Yiizge¢ ve deri lezyonlar: siklikla gbzlenir, cevresel ve
mekanik stres faktorlerine karst belirsiz reaksiyonlar olarak
yorumlanir. Lizin, triptofan, esansiyel yag asitleri, ¢inko, bakair,
riboflavin, inositol, niasin ve C vitamini eksiklikleri; A vitamini
ve kursun toksisiteleri; lipid peroksidasyonu; ve yem
bayatlamasi gibi bir dizi diyet faktérii bu lezyonlara neden
olabilir (Tacon, 1992; Lall, 2002; Roberts, 2002). Tipik olarak,
deri ve ylizgeglerde erozyon ve kanamalar goriiliir ve siklikla

101



Su Uriinlerinde Ileri Arastirmalar

birden fazla besin ve c¢evresel faktor s6z konusudur. Asir
kalabalik ve asir1 besleme de ylizge¢ ve deri lezyonlarina yol
acabilir. Genellikle zayif kiiltiir kosullar1 ve marjinal mikro
besin eksiklikleri olumsuz bir mikrobiyolojik ortamla sonuglanir
ve bu da onlan ikincil enfeksiyonlara yatkin hale getirir ve
boylece deri lezyonlarina yol agar. Diisiik su sicakliklarinda
deniz kafeslerinde yetistirilen somonlarda, genellikle viicudun
yan taraflarinda bulunan yuvarlak, derin deri iilserleriyle
karakterize kis Tlserleri gelisir. Vibrio tiirleri siklikla bu
lezyonlardan izole edilir; ancak uzun kis donemlerinde sinirl
gida alimi1 ve mikro besin eksikligi somonu bu patolojik duruma
yatkin hale getirebilir (Salte vd, 1994).

19. SONUC

Baliklarin beslenmesi, fizyoloji, biyokimya, patoloji,
balik yetistiriciligi, veterinerlik, genetik, cevre bilimi ve gida
Kimyasi alanlarina ve genellikle bu disiplinlerin 6tesine uzanan
karmasik bir konudur. Beslenme bilimi son yirmi yilda hizla
gelismesine ragmen, ¢ogu balik tiiriiniin besin gereksinimlerine
iliskin bilgide biiyiik eksiklikler vardir. Besin gereksinimleri
karasal hayvanlar i¢in baliklardan daha iyi tanimlanmistir.
Beslenme bozukluklar1 genellikle ¢oklu besin eksiklikleri ve
belirli vitaminler, eser elementler ve dogal toksinlerle ilgili
toksisitelerle iliskilidir. Ciftlik baliklarinda iskelet deformiteleri
ve nefrokalsinozis gibi belirli bozukluklar uzun bir siire boyunca
gelisir ve erken teshis teknikleri eksiktir. Cogu mikro besin
eksikligi gen¢ baliklarda bildirilmis olsa da, belirli
bozukluklarin yasam dongiisiiniin sonraki asamalarinda ortaya
cikabilecegi bilinmektedir.

Sorunu ¢6zmek igin genellikle genetik faktorler, stres,
cevresel faktorler, hastaliklar ve hastalia yatkinligi etkileyen
diger faktorler ile gelisimin cesitli asamalarindaki besin
gereksinimleri hakkinda bilgi gereklidir. Belirli beslenme

102



Su Uriinlerinde Ileri Arastirmalar

bozukluklarini karakterize ederken, diyet bilesimi de dikkate
almmali ve oOncelik verilmelidir, ¢iinkii genetik ve cevresel
faktorleri iceren diger tiim etkilesimler diizeltilmemis besin
eksikliklerinden olumsuz etkilenecektir. Bu ¢alismada besin ve
yem bilesenlerinin eksikliginin ¢esitli hastaliklar1 neden oldugu
ortaya konulmus ve bu bulgular balik yetistiriciliginin gesitli
cevre kosullarinda beslenme bozukluklarini kontrol eden
diyetlerin  gelistirilmesi igin pratik uygulamalarla
desteklenmelidir. Su hayvanlarinin beslenmesi, hastalik 6nleme,
daha iyi biiylime ve insanlar i¢in yliksek kaliteli balik iiretimine
yonelik arastirmalarin anlagilmasini desteklemeye devam edecek
olan balik fizyolojisi ve biyokimyasi i¢in disiplinler arasi bir
katalizor olarak diistintilmelidir. Besinlerin ve besin islevlerinin
altinda yatan mekanizmalarin oynadigi roliin daha fazla
arastirilmasi, su anda kullanilan geleneksel metodolojilere ek
olarak gelismis genomik, proteomik ve metabolomik
teknolojiler kullanilarak daha da netlesecektir. Besin alimindaki
ve besin dengesindeki bir degisikligin fizyolojik ve patolojik
stirecler tlizerindeki sonuglarimi tahmin etmek i¢in kullanilan
yaklagimlardaki son gelismeler, baliklardaki karmagsik beslenme
bozukluklarinin bazilarin1 ¢6zme potansiyeline sahip, umut
verici bir alandir.
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BALIK HASTALIKLARINDA ETKIN TEDAVI
YONTEMLERI

Azime KUCUKGUL?
Altug KUCUKGUL?

1. GIRIS

Besin degeri oldukca zengin ve et kalitesi yiiksek olan
balik, diinyada tiiketimi hizli bir ivme gosteren onemli besin
kaynaklarindan birisidir. Bu nedenle baliketine olan talep
giderek artmaktadir. Ancak artan talebin karsilanmasi yoniinden
dogal stoklar yeterli olmadig1 i¢in kontrollii sartlarda yapilan
kiltiir balik¢ilig1 her gegen glin 6nemli hale gelmekte ve buna
paralel olarak diinyada oldugu gibi iilkemizde de balik
yetistiriciligi  isletmelerinin ~ sayis1  artmaktadir.  Balik
yetistiriciliginde en O6nemli olgunun basinda siiphesiz baligin
pazar boyuna saglikli bir sekilde gelmesinin saglanmasidir.
Hastalikl1 bir balik bagisikligr diisiik bir balik oldugu i¢in pazar
boyuna da ulasamamasi, ulassa dahi digerlerine gore kalite
yoniinden tercih edilmemesi dolayisiyla ekonomik kayip olarak
degerlendirilmesi  bir  ger¢ektirr  Bu  nedenle  balik
yetistiriciligindeki en biiylikk problem baliklarda gozlenen
hastalik olgularidir. Tiim bu olumsuzluklar degerlendirildiginde
en iyi ¢Oziim baliklarin ya hi¢ hastalandirilmamasi ki bu rutin
kontroller, bilingli ¢alisan ve kaliteli yem gibi bir¢ok etkene
bagl olup yada hastalik goriilen baliklarin zaman kaybetmeden
hizli bir sekilde tanisinin koyulup tedavisine baslanmasiyla
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miimkiin olmaktadir. Literatiir verileri goéstermistir ki balik
ciftliklerinde goriilen ekonomik kayiplarin yarisina yakin
hastalik ile iliskilendirilmis sektdrel kaybin altt milyar dolar
astig1 bildirilmistir (Assefa ve Abunna, 2018).

Diger canlilarda oldugu gibi baliklarda da hastalik
olgular1 stres ile siki iliski igerisinde olup oOzellikle suda
olusabilecek her tirli degisken Onemli bir stresor olarak
bilinmektedir. Hastalik salgmlarinin ¢ogu su kalitesindeki
(¢6ziinmiis oksijen, pH, sicaklik, bulaniklik vb.) yada ortamdaki
degisimlerden (organik atiklar, suya karisan her tiirli ek girdi,
yogun stok, asir1 veya yetersiz besleme vb.) kaynakli olup
zamanla infeksiy6z hastaliklarin goriilmesi kaginilmazdir.

Balik hastaliklarinin en tehlikeli boyutu patojen etkenli
olanlardir. Ciinkii bu durumda hastaligin baliktan baliga bulasi
s0z konusu olup tedavi edilmedigi takdirde kisa zaman sonra
baliklarda mortalitelerin goriilmesi sonugta ise toplu 6liimler ile
isletmenin ekonomik yonden zarar gormesi miimkiin hale
gelecektir. Bu nedenle, balik yetistiriciliginde infeksiy6z kokenli
hastaliklar oOliimciil seyir izledigi ve genellikle hastaligin
hazirlayict nedenini olusturdugu bircok c¢aligmayla ortaya
konmustur (Kigiikgiill ve ark., 2019; Kiigiikgiil Giileg ve
Cengizler, 2012; Salogni ve ark., 2007; Vegara ve ark., 2011;
Tobback ve ark., 2007).

Baliklar stres igerikli ortamlardan kolay etkilenen
canlilar olmasi hasebiyle hastaliklardan korumak igin 6nlemler
alinmasi zorunlu olan canlilardir. Bu nedenle en etkili profilaktif
yontemlerden birisi olan asilama, hastalik ajanina kars1 giiclii bir
immiinitenin saglanmasi agisindan 6nemlidir (Schmid ve ark.,
2000). Bunun diginda immiinstimiilanlar hem spesifik hem de
spesifik olmayan bagisiklik sistemini aktive etmesiyle sekonder
paya sahip olan maddelerdir (Chen ve Ainsworth, 1992;
Jorgensen ve ark., 1993). Tiim bu koruyucu tedbirlere ragmen
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hastalik ¢ikmasi durumunda ise hastaligin etkeninin izolasyonu
ve akabinde etkili tedavi yonteminin zaman kaybetmeksizin
uygulanmasi ilk yapilmasi gerekli durum olarak bilinmektedir.
Tedavi yontemlerinden birisi olan kemoterapi en yaygin
kullanilan yontem olup birgok balik ¢iftligi icin tercih
edilmektedir. Ancak sik kullanima bagli olarak son yillarda
baliklarin i¢ organlarinda yada suda birikim yapmasi, direngli
suglarin olugsumu gibi bir¢ok probleme neden olmasi yarardan
cok zarar verdigi anlamina gelmektedir (Burka ve ark., 1997,
Cabello, 2006). Bu nedenle son yillarda bu gergeklerin
bilincinde olan bir¢ok bilim insam1 balik hastaliklarinda
kimyasal igerikli yaklasimlara alternatif olabilecek ¢oziimler
tiretmek i¢in caligmalar yapmis ve giliniimiizde yavas yavas
kabul goren bitkilerin giiciinden yararlanmaya baslamiglardir
(Biger 2019; Kiigiikgiil ve Kiiciikgiil, 2017). Oyle ki su iiriinleri
sektoriinde de (balik, su omurgasizlar1 vb.) tibbi bitkilerden elde
edilen 6zlerle (yani bitkisel ilaglar) tedaviler gerceklestirilmistir
(Citarasu, 2010; Kiictikgiil ve ark., 2019; Kigiikgil ve
Kiictikgiil, 2017; Sirakov ve ark., 2018).

Bu calismada Ozellikle su irlinleri  sektoriiniin
gelisiminin dniindeki en biiyiik engel olan balik hastaliklarindaki
tedavi yoOntemleri karsilastirilmali olarak literatiir esliginde
degerlendirilmistir.

2. BALIK HASTALIKLARI

Tiirkiye su kaynaklar1 yoniinden zengin bir iilke olup bu
kaynaklarmin verimliligi agisindan da 6nemli bir konumdadir.
Sularimizda ekonomik 6neme sahip bir¢ok tiir bulunmakta (93
balik, 33 kafadan bacakli, 126 kabuklu) bu da sektdriin
gelisimine katki saglamaktadir (TUIK, 2019). Su Uriinleri
yetistiriciligi son zamanlarda insan tiiketimindeki 6neminin fark
edilmesiyle gelisme gostermis ve Onciil sektorler arasina
girmistir. Ozellikle yiiksek kalitedeki protein icerigi ile saglikli
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beslenmede baliketi her firsatta vurgulanmis ve bu bilincin
gelismesiyle sektor Tiirkiye bazinda da giderek biiyliyen bir
konuma ulagmistir. Hem avcilik hem de yetistiricilik yoluyla
elde edilen su iiriinleri miktart 2018 yil1 itibariyle 628 bin 631
ton olarak belirlenmis ve yar1 yariya bir seyir izlemistir (TUIK,
2019). Bu veri gosteriyor ki sektoriin hizla biiyiimesi tiiketim
orani ile paraleldir ve 50 yil i¢inde artan talebin su iiriinleri
yetistiriciligi yoluyla karsilanacagi ongoriilmektedir (Kobayashi
ve ark., 2015).

Su iiriinleri yetistiriciliginde ilk 6nemli olgu {irlinlerin
pazar boyuna saglikli olarak gelmelerini saglamaktir. Bu durum
ise ancak yetistiricilik tesislerinde sertifikali yumurta ve yavru
balik alimi, ardindan rutin kontrollerin devamliligi, hijyen ve
sanitasyon kurallarina bagh kalmakla miimkiindiir. Fakat tiim bu
tedbirler yine de bazi durumlarda baliklarin hastaliga
yakalanmasina engel olamamakta ve infeksiyoz hastaliklara
maruz kalmasina sebep olabilmektedir.

Balik yetistiriciliginde ortaya ¢ikan hastaliklarda ana
sebep stres olusturabilecek her tiirlii faktorii  (stresor)
kapsamaktadir. Bunlar fiziksel (ses, 1si1k, sicaklik vb.) ve
kimyasal (kirlilik, diyet, su kalitesi vb.) olabildigi gibi biyolojik
kaynakl1 (yogun stok, diger su canlilarinin varhigi, viriis, bakteri,
mantar ve parazit gibi mikro canlilar vb.) da olabilmektedir.
Yetistiricilik ortaminda fiziko-kimyasal durumlardaki sapmalar
en Onemli stres etkenleri olup yonetimsel stresler (nakil,
boylama, hasat, her tiirli medikament uygulanimi vb.) ikincil
Ooneme sahiptir. Tiim bu stresorler neticesinde baliklarin
hastalanmas1  ka¢imilmaz hale gelmektedir. Enfeksiyonlar
nedeniyle balik ciftliklerinde rastlanan salginlarda ise Oliim
oranlarinin artmasina paralel gozlenen ekonomik kayiplar, su
irlinleri yetistiriciligi sektorii i¢in endise verici bir durum olarak
karsimiza ¢ikmaktadir (Zhu ve Li, 2007).
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3. BALIK HASTALIKLARINDA TEDAViI YONTEMLERI

Balik yetistiricilik sistemlerinde diisiik {iriin kalitesine,
artan maliyete neden olan bunun yaninda ytiksek oranlarda balik
Olimlerinden sorumlu olan balik hastaliklar1 her gegen giin
itibariyle tedavisinde zorluklar goriinen bir durum olarak
karstmiza  c¢ikmaktadir.  Baliklarda  hastalik  tablolarina
yetistiricilik siStemlerinin yaninda dogal ortamda da rastlamak
olasidir. Bilindigi tizere dogal kosullar altinda hastalik
olgularia sebep olan bir¢ok faktoér baliklarin dogal ortaminda
mevcuttur. Ancak yogunluk olarak tehlikeli durum olusturmalari
pek gilictiir. Fakat yetistiricilik faaliyetlerinde birim alandan
daha fazla yararlanmak amaciyla balik stok miktarinin
arttirtlmasi ile baliklarin hastaliga yakalanmasi ve hastaliklarin
yayilmasi daha kolay olmaktadir (Scholz, 1999).

Balik hastaliklarinda tedavi edilerek ¢6ziimii ¢ogunlukla
zor olarak kabul edilmektedir. Bu nedenle yetistiricilik
faaliyetlerinde koruyucu onlemler 6nem arz etmekte ve etkili
profilaktik tedbirler alinmaktadir (Le Breton, 2009). Buna
ragmen hastaliklarla miicadelede alinan onlemler yeterli
olmayip hastalik olgularinin ortaya ¢ikmasit durumunda
miimkiin oldugunca kisa zaman iginde etkenin izolasyonun
dogru yapilarak etkin tedavi yoOntemlerinin belirlenmesi
gerekmektedir. Bu amagla olas1 hastalik tablolarinda baliklarin
tedavi edilmesi i¢in birgok yontem gelistirilmistir.

3.1. Kemoterapi

Bakteriyel balik hastaliklar1 basta olmak tiizere diger
hastaliklar (parazitik, mantar vb.) i¢inde koruyucu yada kontrol
amagli kullanilan kemoterapi en yaygin uygulamalardan
birisidir. En ¢ok kullanilan oksolinik asit ve flumekuin gibi
kinolon grubuyada sulfadiazin-trimetoprim gibi sulfonamid-
diaminoprimidin grubu ilaglardir (Burka ve ark., 1997).
Ozellikle fenikol grubundan olan florfenikol, Furunkulozis
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(etken Aeromonas salmonicida) ve gokkusagi alabaliginin fry
sendromu (etken Flavobacterium psychrophilum) hastaliklarinin
tedavisinde kullanilmaktadir (Schmid ve ark., 2000). Yapilan
calismalardan da gorildigl lizere kemoterapotiklerde asiri
kullanim neticesinde yan etkiler hatta baliklarda 6liimler ortaya
cikmaktadir (Cabello, 2006; Lillehaug ve ark., 2003).
Formalinin asir1  kullanimlar1  solunga¢ hasarlarina sebep
olabilmektedir. Yine asir1 kullanima bagli patojenlerde direng
gelisimi goriilebilmektedir (Punitha ve ark., 2008; Smith ve ark.,
1994).

Literatiirler gdstermistir ki hayvan tiretiminde (balik vb.)
son yillarda agir1 ve bilingsizce kullanilan antibakteriyel ilaglar
direncli mikroorganizmalarin insan halk sagligi ac¢isindan
istenmeyen rezidii ve direngli genlerin transferi gibi tehlikeli
problemler olusturmaktadir (Aoki, 1992; Burka ve ark., 1997;
Cabello, 2006). Baz1 arastirmalarda ise patojenik ajanlara karsi
rastgele antibiyotik kullaniminin kisa zamanda direng gelisimine
sebep oldugu, bunun da bakteriyel hastaliklarin kontroliinde
onemli bir smir faktorii olusturdugu raporlanmistir (Sorum,
1999). Buda gosteriyor ki antibakteriyel direng olusumuna
neden olan yogun kullanilan antibakteriyel ilaglarin siki bir
sekilde gbzlem altinda tutulmasi gerekmektedir (Aoki, 1992).

3.2. Asillama

Bakteri, parazit, mantar yada viriis gibi infeksiy0z
kokenli balik hastaliklarimin kontroliinde en etkin profilaktif
yontemlerden biri olan asilama spesifik ajana karsi direncin
artmast yada hastaliktan koruma saglanmasi  olarak
bildirilmektedir ~ (Sommerset ve ark., 2005). Asilamanin
dezavantajlart olsada avantajlarida azimsanacak diizeyde
degildir. Her seyden once asilar patojene karsi spesifik olup
temini zor ve pahalidir (6zellikle ticari asilar) (Sakai, 1999;
Robertson, 1999). Balik yetistirildiginde 0zellikle bakteriyel
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ve/veya viral hastaliklara i¢in ticari asilarin etkin ve mevcut
olmamasi, ayrica bir asinin tek tip bir patojene karsi koruma
saglamasit da Onemli dezavantaj olarak bilinmektedir (Raa,
1992). Ayrica her bir antijene karsi asi gelistirilememistir.
Giliniimilizde ticari olarak piyasada olan as1 sayisi ¢ok azdir
(Vibriozis, Kizil agiz hastaligi, Frunculozis ve IPN gibi anti-
viral asilar) ve her patojenik ajan i¢in as1 gelistirmek olasi
degildir. Burkert ve ark. (1990) Ornegin, Ichthyophthirius
multifiliis tarafindan nedne olan beyaz benek hastaliginin ¢ok
yaygin ve tehlikeli bir protozoon oldugunu vurgulamis ve bu
hastaliga kars1 etkili bir asmin heniliz gelistirilmedigini
bildirmistir. Onemli dezavantajlardan birisi ise 15 gr alti
baliklarda spesifik bagisikligin gelismemesi ve bu boy baliklara
asilama yapmanin zorlugudur (Ellis, 1989). Bu durumda
asitlamanin sprey, oral, banyo yada enjeksiyon metotlariyla
uygulanmasi1 gerekliligidir. Uygulanan metotlardan ilk gt
pratik olmakla beraber etkinligi konusundasikintilar ortaya
cikabilmektedir. Enjensiyon yoluyla asilama en etkili yontem
olsa da elle miidehale neticesinde baliklarin strese girmesi ve her
bir baligin tek tek asilanmasi gerekliligi ile is yiikiinlin ¢ok
olmasi gibi handikaplar ortaya ¢ikabilmektedir (Sommerset ve
ark., 2005).

Patojenlerin karmasik antijenik yapilar1 nedeniyle bircok
balik hastaligina has as1 mevcut degildir. Dahasi, hiicre ici
patojenlere karsi as1 gelistirilmesinde basarili saglanamamistir
(Kennedy ve ark., 2006). Bu nedenle balik hastaliklarinin
hepsinde kontroliiniin agilarla miimkiin olmas1 olast degildir.
fleriki zamanlarda monovolan asilarin  yetersiz kalmasi
kompleks heterojen tiirler ya da multiple sus asilarin
gelistirilmesine onemli bir ihtiya¢ olarak karsimiza cikacaktir
(Robertson, 1999).
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3.3. immunostimulant

Baliklarin immiin sisteminin uyarilmasi ve herhangi bir
hastalik etmeni ile karsilasmasi durumunda baliklarda daha
hizlh  ve etkili bir yamt olugmasinda vermesinde
immunostimulantlarin rolii ¢ok biiyiiktiir (Bricknell ve Dalmo,
2005). iImmunostimulantlar; tek baslarina verildiklerinde dogal
bagisiklik savunma mekanizmasini aktif edebilen, asilarla
beraber uygulandiklarinda ise spesifik savunma mekanizmasinin
cevabini artiran sentetik ve dogal bilesiklerdir (Sakai, 1999).
Bagisiklik sistemini  uyaran bu tlir maddelerin; uygun
kullanimiyla, hem spesifik olmayan hem de spesifik immiiniteyi
aktif hale getiren hastaliklara karsi bireyin direncini artirildig:
bilinmektedir. Bu tarzda koruyucu maddelerin  belirli
zamanlarda kullanilmasi fungal, viral, parazitik ve bakteriyel
etkenlerin ortaya ¢ikarak hastalik olusturmasini engelleyebil-
mektedir (Sakai, 1999).

Dogal ve sentetik bilesenler olan immunostimulantlar
hastalik ortaya ¢ikmadan evvel hastaligin kontrol altina almak
ve bireyin bagisiklik sistemini giiclendirmek i¢in uygulanan
maddelerdir (Jin, 2003).. Dogal olmalar1 nedeniyle g¢evre ve
birey i¢in rezidii sorunu olusturmadiklari bildirilmistir (Trewes-
Brown, 2000).

Son yillarda gelismekte olan sektorler arasinda yer alan
su tdrlinleri sektoriinde immiiniteyi uyaran immunostimulantlar
kitin ve kitosan (Sakai, 1999), glukan (Chen ve Ainsworth,
1992; Jorgensen ve ark., 1993), levamisole (Kajita ve ark.,
1990), laktoferin (Sakai, 1999), vitamin-C, Mycobacterium
spp.nin ekstraseliiler {rlinleri, mayalar, kahverengi-kirmizi
algler ve Mannan oligosaccharide (MOS), bitki ekstraktlari,
karadaki mantarlar vb. bircok farkli maddeler olarak
siralanmaktadir. Su iriinleri sektoriinde balik yetistiriciliginde
kullanilan immunostimulantlar c¢evresel faktorler, hastalik
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olgular1 gibi bircok nedenden dolayr olast kayiplar
indirgeyebilmektedir (Sakai, 1999). Fakat hastalik olusmadan
once immunostimulantlarin uygulanmasi gerekliligi 6nem arz
etmektedir. Buna goére immunostimulant kullaniminin etkili
olmas1 doz, zaman, uygulanan yOntem ve baligin
fizyolojisindeki durumlar1 ihtiva eden bircok faktoriin etkisi
altindadir (Anderson, 1992; Sakai, 1999).

4, BIiTKIiLERLE TEDAVI

Ulkemiz bircok yoniiyle (toprak, su, iklim vb.) bitki
popiilasyonu bakimindan zengin olup iilke ekonomisinde de
onemli katkilar saglamaktadir. Eski zamanlardan bu yana
medikal amaghi (bas agrisi, acik yara, karaciger, mide
rahatsizliklari, sarilik vb.) kullanilan bir¢ok bitkide iilkemizde
dogal olarak dagilis gostermektedir (Treben, 1980).

Eski ¢aglardan bu yana hastalik yonetiminde bitkilerden
yararlanildig1 bilinmektedir. Dogal olmalari, maliyet agisindan
kolay temini, ¢evre dostu ve minimum yan etkiye sahip olmalar1
gibi bir¢ok etken neticesinde giliniimiizde de bitkilerle tedavi
yontemi alternatif, tamamlayic1 tip alanlarinda basvurulan
yontemlerden birisidir. Hastaliklarin 6nlenmesi yada tedavisinde
bitkinin biitiin olarak ya da yaprak, c¢icek, tohum, kok gibi
kisimlarinin kullanimi ile uygulanan bitkisel tedavi Yunanca
Phyton (bitki) ve Therapeia (tedavi) kelimelerinin birlesiminden
olusmaktadir (Parildar ve ark., 2011). Bitkilerin tedavide
kullaniminin ana nedeni igeriginde mevcut etken madde olarak
tanenler, alkaloidler ve flavonoidler gibi fitokimyasal
bilesenlerin ¢ok c¢esitli ikincil metabolitleri agisindan zengin
olmalarindan kaynaklanmaktadir (Pandey ve Madhuri, 2010;
Ravikumar ve ark., 2010)

Bitkilerin kullanim alanlar1 ¢ok cesitlilik gostermekle
beraber gida (gida katki maddesi vb.) ve mesrubat, baharat,
farmakoloji, kozmetik, parfiimeri, ila¢ sanayi One g¢ikanlar
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arasindadir (Alan ve ark., 2010; Cinbilgel ve Kurt, 2019).
Ulkemiz bitki cesitliligi ozellikle tibbi ve aromatik bitki
bakimindan diinyanin 6nemli {ilkelerinden birisidir. Bunlar
arasinda kekik, defne, anason, kimyon, rezene, adagayi,
keciboynuzu gibi tibbi ve aromatik bitkiler lilke ekonomisinde
de 6nemli paya sahiptir (TUIK, 2009).

Tibbi ve aromatik bitkiler bir¢ok formda kullanimi
bulunmasma ragmen en ¢ok ugucu yag formulasyonlari tercih
edilmektedir. Bunun ana sebebinin infeksiydz kokenli (viriis,
bakteri, mantar, parazit vb.) hastaliklara kars1 etkin oldugunun
ortaya konmasidir (Bakkali ve ark., 2008; Kii¢iikgiil ve ark.,
2014).

Su irilinleri yetistiriciligi isletmelerinde ortaya g¢ikan
hastaliklarda antibiyotik gibi kimyasallara alternatif yada
immunstimulan gibi bagisikligi giiclendiren maddelere destek
tamamlayict tedavi ile bitkilerin ¢alisildigi bir¢ok ¢alisma
literatiirde yer bulmus ve olumlu sonuglar kaydedilmistir.
Ozellikle infeksiydz kokenli hastaliklar baz alindiginda
bitkilerin antibakteriyel etkinligi odakli arastirmalar siklikla
calisilmistir (Altinterim ve ark., 2012; Sumbul ve ark., 2011) .
Bu c¢alismalardan birisi olan M. communis’in metanol
ekstraktinin bazi1 gram negatif (E.coli, P. Aeruginosa, Proteus
vulgaris) ve pozitif (L. Monocytogenes, S. Pneumoniae, S.
Agalactiae, S. Pyogenes) bakteriler tiizerinde etkin oldugu
goriilmiistiir (Mansouri ve ark., 2001). M. communis'in metanol
ham ekstraktinin alti gram pozitif (Staphylococcus aureus,
Micrococcus luteus, S. pneumoniae, S. pyogenes, S. agalactiae
ve Listeria monocytogenes) ve dort gram negatif bakterinin (E.
coli, Proteus vulgaris, P. aeruginosa ve Campylobacter jejuni)
bliylimesini inhibe ettigi yapilan bir calismada belirtilmistir
(Sumbul ve ark., 2011). Imelouane ve ark. (2009) tarafindan
yapilan bir arastirmada ise, Lamiaceae familyasindan olan
Thymus vulgaris’in antibakteriyel aktivitesi ~S. aureus, S.
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epidermidis gibi gram olumlu bakterilere karsi diisiik, E. coli
gibi gram olumsuz bakteriler tizerinde yiiksek olarak
raporlanmistir. Aynisefa esansiyel yagmin balik patojenleri
tizerinde denendigi calismalarda ise aragtiricilar gram negatif
patojenlerin daha giiclii etki gosterdigini  bildirmislerdir
(Bozkaya ve ark., 2023; Chalestori ve ark., 2016). Kekik
(Origanum vulgaris), melisa (Melissa oleum), karabas
(Lavandula eromanaeoleum), biberiye (Rosmarinus officinalis),
zencefil (Zingiber officinale) ugucu yaglarinin, tilkemizde de
balik ciftliklerini siklikla tehdit eden infeksiy6z hastaliklarindan
olan Yersinia ruckeri, Aeromonas hydrophila, Vibrio
anguillarum, V. alginolyticus, Flavobacterium psychrophilum ve
Lactococcus garvieae iizerine antibakteriyel etkinligi Ekici ve
ark. (2011) tarafindan arastirilmis kekik ve melisa daha etkin
olmakla tiim ugucu yaglarin antimikrobiyal etki gosterdigi tespit
edilmistir. Agn kesici, antiseptik ve mide rahatsizliklar1 igin
geleneksel tipta uzun yillardir kullanilan kekik (Thymus vulgaris
L.), defne (Laurus nobilis L.), biberiye (Rosmarinus officinalis
L.) ve maydanoz (Petroselinum crispum L.) gibi bitkilerin
esansiyel yaglarmin balik patojenleri {lizerinde inhibitor etki
gosterdigi bildirilmis ve dogal bir antibakteriyel ajan olarak
kullanilabilecegi raporlanmistir (Tural ve ark., 2019). Aromatik
bitkilerden olan zahter (T. spicata), kekik (T. vulgaris), defne (L.
nobilis), tar¢in (Cinnamomum verium), altin otu (Helichrysum
plicatum) ve yalanci melisa (Aloysiacitriodora Palau) ugucu
yaglarinin antimikrobik etkinliginin gii¢lii oldugu bir diger
arastirmada vurgulanmistir (Tiirker, 2018).
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5. SONUC

Balik yetistiriciliginde yiiksek kalitede iirliniin elde
edilmesi, canli igin optimum sartlarin saglanmasi ve
korunmasiyla miimkiindiir. Baliklar hayat evrelerini su
icerisinde  geciren  canlilar  olarak  bircok  patojen
mikroorganizmayla karsi karsiya olmalar1 hasebiyle hastaliklara
karst savagsmada koruyucu amacli as1i uygulamalar1 oldukga
yaygin kullanilmaktadir (Sommerset ve ark., 2005). Ancak
asilarin ticari anlamda sinirli olmasi, spesifik olmasi, asinin
etkili olmas1 i¢in gerekli optimal kosullarin saglanmasindaki
giicliikler (Zapata ve ark., 1997; Sommerset ve ark., 2005)
yetistiricileri as1 ve beraberinde immiinostimulan kullanimina
yoneltmis yine de hastaliklardan tam olarak korumak miimkiin
olmamustir. Baliklarda hastalik ortaya c¢iktiktan sonra ise
kemoterap6tik uygulamalar tedavide yerini almis direng gelisimi
ve kalinti problemleri gibi bir¢ok handikaplarida beraberinde
getirmistir. Tiim bu tedavi yontemleri halen giliniimiizde
uygulanmaktaysa da bilim insanlar alternatif tedavi yontemleri
tizerinde de durmus ve bu baglamda bir¢ok sektorde oldugu gibi
su trlinleri sektoriinde de ozellikle tibbi ve aromatik kokenli
bitkiler degerlendirmis ve bir¢ok ¢alismayla da uygulanabilirligi
raporlanmistir. Yapilan ¢aligmalar gostermistir ki aromatik ve
tibbi bitkilerden elde dogal {iriinler balik patojenleri iizerinde
gliclii  bir antibakteriyel etki sergilemektedir. Bitkisel
uygulamalarla infeksiydz hastaliklara karsi iyi bir etkinlik
gosterse de tek baslarina kullanimlarinin yeterli olamayacagi
ancak tamamlayic1 bir tedavi olarak kullanilabilecegi bu
caligsmayla ortaya konmustur.
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EFFECTS OF GLOBAL WARMING ON SEA SURFACE
TEMPERATURE, PH, AND DISSOLVED OXYGEN IN
THE EASTERN MEDITERRANEAN (MERSIN) AND
WESTERN MEDITERRANEAN (MUGLA) REGIONS OF
TURKEY

Mehmet Fatih CAN*
Yavuz MAZLUM?

1. INTRODUCTION

Climate is defined by the long-term characteristics of the
atmosphere, such as temperature, precipitation, sunlight, and
wind, and affects daily life, food resources, and ecosystems
(Ramamasy & Baas, 2007). While historically climate has
undergone changes due to natural processes, it is now widely
acknowledged that human activities are accelerating these
transformations (Venegas et al., 2023). In this context, global
warming, a defining reality of the modern world, is driven by
anthropogenic activities and emerges as a critical challenge for
the environment.

Oceans are defined as the main regulators of the global
climate due to their roles in energy distribution and the water
cycle. Rising global temperatures have been reported to exert
widespread impacts on marine systems, influencing various
physical, chemical, and biological processes. Specifically,
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global warming is reported to manifests in the marine
environment through phenomena such as rising sea levels, ocean
acidification, marine heatwaves, and alterations in biodiversity
and fisheries dynamics (Doney et al., 2009; Kayhan et al., 2015;
Wernberg et al., 2016; Kogoglu et al., 2021).

Nicholls and Cazenave (2010) highlighted that one of the
most prominent effects of global warming is sea-level rise,
driven by the melting of glaciers and the thermal expansion of
seawater. It has been emphasized that this rise poses significant
risks to coastal habitats, contributing to increased erosion,
flooding, and the loss of critical habitats for marine organisms.
Notably, coastal ecosystems such as mangroves and coral reefs
are particularly vulnerable to these changes, underscoring their
sensitivity to the impacts of global warming (Hoegh-Guldberg et
al., 2007).

It is considered that the absorption of increasing
atmospheric carbon dioxide (CO:) by the oceans leads to ocean
acidification, adversely affecting marine life, particularly
organisms dependent on calcium carbonate such as corals,
mollusks, and certain plankton species (Doney et al., 2009). In
this context, it has been reported that the decrease in pH levels
disrupts calcification processes, resulting in weaker shells and
skeletons, thereby threatening the survival of these species
(Fabry et al., 2008).

Due to global warming, periods of unusually high sea
surface temperatures (marine heatwaves) are reported to have
become more frequent and intense (Oliver et al., 2018). It has
been reported that these heatwaves can lead to widespread coral
bleaching, where corals expel the symbiotic algae living in their
tissues, and prolonged stress may result in coral mortality.
Furthermore, it has been reported that higher temperatures are
reported to disrupt the distribution and reproductive patterns of
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marine species, leading to changes in ecosystem structure and
function (Portner et al., 2014).

It has been reported that global warming contributes to
the loss of marine biodiversity through habitat degradation,
shifts in species distributions, and transformations in food web
dynamics (Parmesan, 2006). Species migration toward cooler
waters can lead to shifts in community composition and
mismatches in predator-prey relationships. This loss of
biodiversity reduces ecosystem resilience and its ability to
provide essential services (Worm et al., 2006). Brander (2007)
points out that changes in water temperature and ocean
conditions significantly affect fish populations and distributions,
creating adverse effects on commercial fisheries. It has been
reported that the migration of fish species to cooler waters
complicates fishing activities, potentially leading to overfishing
in newly populated areas. These changes are reported to have
profound economic and social impacts on communities reliant
on fisheries for their livelihoods (Cheung et al., 2010). Due to its
potential for catastrophic impact, studies addressing the
localized and global effects of climate-induced changes in the
marine environment (including seawater temperature, pH, and
dissolved oxygen levels) are increasing.

In this section, the temporal variations in sea surface
temperature (SST), pH, and oxygen levels due to global
warming were analyzed in two different regions of Turkey's
Mediterranean coastline (Mersin and Mugla) (Figure 1). The
potential impacts of these changes on aquatic organisms and
aquaculture activities are discussed. For this study, satellite
measurement data for sea surface temperature (SST), dissolved
oxygen, and pH in the Mersin and Mugla regions were obtained
from the Copernicus Marine Service
(https://marine.copernicus.eu/).
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TURKIYE

Mediterranean Sea

Figure 1. Map of dissolved oxygen, and pH measurements of
seawater from the Mersin and Mugla.

e MEDSEA_MULTIYEAR_BGC_006_008: This dataset was
used for deriving pH and O2 raw data sets of the
Mediterranean Sea, covering the years 1999 to 2020.

e SST MED_SST L4 REP_OBSERVATIONS 010 _021: This
dataset was used for deriving Sea Surface Temperature (SST)
raw data sets of the Mediterranean Sea, covering the years
1982 to 2020.

In the analyses, the "ggplot2,” "dplyr,” "tidyverse,” and "rcmdr"
packages (Fox, 2005) in the R software (R version 4.1.0) (R
Core Team, 2022) and the Jamovi program (The jamovi Project,
2023) were Used.

2. ANALYSIS OF SEA SURFACE TEMPERATURE
(SST) VARIATIONS IN THE STUDY AREAS

Analyses conducted for the period between 1982 and
2020 revealed a positive increasing trend in Sea Surface
Temperature (SST) in the Mersin and Mugla regions. It was
observed that SST reached its maximum values particularly after
the 2000s. The annual average SST increase rate was calculated
as 0.0551°C/year in Mersin (y = 0.0551x + 22.17, R? = 0.72)
and 0.0544°C/year in Mugla (y = 0.0544x + 19.348, R? = 0.70)
(Figure 2, Figure 3).
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Figure 2. Annual Temperature Variations in Mersin and
Mugla Between 1982 and 2020

The red line connects the average annual SST values, while the
blue line represents the linear trend in SST changes over the
years. The shaded gray areas indicate the 95% confidence
intervals for the linear trend curve.
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Figure 3. Decomposition of time series for SST in locations.

The multiplicative decomposition analysis of Sea
Surface Temperature (SST) data for the Mersin and Mugla
regions reveals notable similarities and differences between the
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two areas (Figure 3). In both regions, the observed SST values
exhibit an annual periodic pattern, with regular increases and
decreases in temperatures. However, while SST values in
Mersin range between 16-28°C, the range remains between 18—
25°C in the Mugla region. Overall, Mersin stands out with
generally higher SST values. The effects of global warming are
evident in both regions, but the SST trend in Mersin started from
higher levels and displayed a sharper increase over time. The
seasonal component represents the annual cyclical changes in
both regions, showing that SST rises and falls consistently
during specific periods of the year. However, the amplitude of
seasonal changes is higher in Mersin, indicating that the Mersin
region is more sensitive to seasonal fluctuations. The random
component represents irregular variations remaining in SST data
after removing trends and seasonality. These components have
low amplitudes and do not exhibit significant deviations.

In conclusion, although similar trends are found between
Mersin and Mugla regions, Mersin stands out with higher
temperature values, larger seasonal fluctuations and a more
pronounced trend increase. These differences highlight the
impact of regional environmental conditions on SST dynamics.

Tablo 1. Mean, standard deviation (SD), and coefficient of
variation (CV) values of SST data at specific intervals by region.

Mersin Mugla
Year Mean SD CV(%) |Mean SD CV(%)
1982 22.19 4.72 21.27 20.71 2.95 14.25
2000 23.18 5.24 22.61 21.47 3.38 15.74
2010 24.39 4.86 19.93 22.65 3.87 17.09
2020 24.34 4.99 20.50 22.47 3.79 16.87
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The mean, standard deviation, and coefficient of
variation (CV) results of Sea Surface Temperature (SST) values
at specific intervals by region are presented in Table 1. It was
determined that the average SST values and temperature
variations in the Mersin region are higher compared to the
Mugla region (Figure 4). Considering Table 1, Figure 2, Figure
3, and Figure 4, the findings highlight the potential impacts of
regional differences on aquatic ecosystems and aquaculture
activities.

The temperature of seawater is a direct determinant of
growth rates in ectothermic (cold-blooded) fish, playing a
primary role in the production efficiency of aquaculture farms
(Klinger et al., 2017; Sanz-Latorre et al., 2025). The effects of
increasing surface temperatures on aquaculture may yield both
positive and negative outcomes (Barange et al., 2018; Reid et
al., 2020). Increasing water temperatures affect the
development, growth rate, reproduction, feeding, and immune
function of aquatic organisms (Barange et al., 2018; Reid et al.,
2020). Furthermore, temperature increases are predicted to
enhance growth rates, particularly in mollusks (Reid et al., 2020;
Hu et al., 2021; Awasthi et al., 2023). Higher water temperatures
not only alter production dynamics of existing species but also
create new opportunities, such as cultivating warm-water
species at higher latitudes (Callaway et al., 2012). This could
lead to significant changes in the geographic distribution and
strategies of aquaculture. The long-term rise in SST in both
regions indicates potential adverse effects on marine ecosystems
and fisheries dynamics. These findings suggest that regional
differences should be considered in future environmental
conservation and management strategies. Therefore, increases in
sea surface temperatures have multidimensional effects on both
aquaculture activities and ecosystem functioning. Effective
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management of these changes requires consideration of species-
specific biological tolerances and regional differences.
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Figure 4. Index plot of SST for Mersin and Mugla.

Sea surface temperatures in Mersin were found to be
approximately 5°C higher than in Mugla (Figure 4). This
difference has been associated with regional factors such as
geographic location, water currents, depth, and atmospheric
conditions,  highlighting the distinct ecological and
environmental dynamics of the two regions. This warming
pattern in the Mediterranean is consistent with the spatial and
temporal trends reported in previous studies such as Pastor et al.
(2019). Additionally, researchers such as Vargas-Yaidez et al.
(2018, 2020) and Mengual et al. (2021) have confirmed the
impacts of climate change on Mediterranean regions. The
increasing temperatures have been suggested to positively
influence the growth and harvest sizes of species like gilthead
sea bream (Sparus aurata) and European sea bass
(Dicentrarchus labrax) (Hernandez et al., 2007; Besson et al.,
2016). However, the effects of temperature fluctuations on
thermal stress, temperature tolerance, and growth are not yet
fully understood (Bevelhimer & Bennett, 2000). Changes in SST
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are also thought to enhance stratification in the water column,
potentially leading to more dramatic ecological and economic
consequences in the long term.

3. ANALYSIS OF SEA WATER pH VARIATIONS IN
THE STUDY AREAS

The changes in annual pH values for the provinces of
Mersin and Mugla between 1999 and 2019 were examined. The
analyses revealed that there was a decrease in pH values in the
Mugla region (<0.01/year), while no significant trend was
observed in the Mersin region (Figure 5 and Figure 6). Although
fluctuations were observed across the years in both regions, the
pH values generally ranged between an average of 8.05 and
8.15. Additionally, a clear seasonality was observed in both
regions (Figure 6).

Yearly pH 1999 to 2019 with Line Connecting Mean Values and Linear Smocthing

Warsin Mudla

4o -

Figure 5. Displays the annual pH change in Mersin and Mugla
between 1982 and 2020. The red line connects the average pH
values over the years, while the blue line represents the linear
trend in pH changes. The gray areas indicate the 95%
confidence interval of the linear trend curve.
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Figure 6. Decomposition of time series for pH in locations

When examining some statistics of pH values for the
years 1999, 2010, and 2019 in the Mersin and Mugla regions, it
Is observed that the average pH values are similar. However, the
variation in measurements is greater in Mersin compared to

Mugla (Table 2, Figure 7).

Table 2. Mean, standard deviation (SD), and coefficient
of variation (CV) of pH values by region at specific intervals.

Mersin Mugla

Mean SD CV (%) |Mean SD CV(%)
1999 8.11 0.10 1.21 8.10 0.05 0.56
2010 8.09 0.08 1.01 8.08 0.04 0.52
2019 8.10 0.09 1.16 8.08 0.05 0.62

In Figure 7, it is observed that pH values in Mersin are
generally between 8.05-8.25 and in Mugla this range is 8.00-
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8.15. The significantly higher variation observed in Mersin
compared to Mugla suggests that pH levels in Mersin may be
more sensitive to environmental and chemical variables
(notably, observations 59 and 125 in the dataset were identified
as outliers during the analysis). These differences may be due to
the differences in environmental, geographical or chemical
conditions in both regions.
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Figure 7. Index plot of pH for Mersin and Mugla.

Climate change shapes marine ecosystems by affecting
not only temperature and oxygen levels but also pH. Ocean
acidification refers to the long-term anthropogenic decrease in
ocean pH (Richards et al., 2015; Barange et al., 2018). Oceans
store approximately 50 times more CO: than the atmosphere
(Seggel et al., 2016). Studies have shown that oceans under
global warming of 1.5°C or higher have negative effects on the
growth, development, survival and abundance of aquatic bells
(IPCC, 2018). Accumulated CO- in water alters acidity levels
through two mechanisms (Maulu et al., 2021).

First, an increase in water acidity can lead to a decrease
in pH (Rodrigues et al., 2015; Clements & Chopin, 2016),
resulting in water quality degradation and lower productivity.
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Second, increased acidity in oceans reduces the availability of
carbonate necessary for calcification, which is critical for shell-
building organisms such as shrimp, mussels, oysters, and corals
(Weatherdon et al.,, 2016; Golam et al.,, 2017). This poses
challenges for aquaculture production (Rodrigues et al., 2015).
Higher acidity levels in seawater disrupt the transport
mechanisms  between cells, significantly affecting the
physiology and metabolism of aquatic organisms (Pdrtner et al.,
2004).

The pH of water is an important factor affecting fish
metabolism (Shuang-Yao et al., 2018). Fish exposed to highly
acidic or alkaline pH levels exhibit slower growth (Parra &
Baldisserotto, 2007). Previous studies have shown that a
decrease in seawater pH induces various changes in certain
marine fish species. These changes have been reported to be
associated with developmental processes (Kurihara, 2008; Ellis
et al., 2009), metabolic processes (Munday et al., 2009), and
behavioral processes (Munday et al., 2009). Similarly, an
increase in pH has been reported to affect acid-base balance,
ammonia excretion, and ion loss through the gills (Kwong and
Perry, 2014; Ghanbari et al., 2014). Nevertheless, fish are
relatively tolerant to slight increases or decreases in pH
(Ishimatsu et al., 2008), which can be attributed to the critical
roles of prolactin and cortisol hormones under acidic conditions
(Kwong et al., 2014). Moreover, certain species have been
reported to exhibit better growth in slightly acidic waters
(Morgan et al., 2001; Munday et al., 2009).

The study results for Mersin and Mugla indicated no
adverse trends in seawater pH values for 1999, 2010, and 2019.
The observed changes in seawater pH under current conditions
were found not to pose a significant threat to aquaculture in
these regions. However, the long-term impacts of global climate
change could disrupt the balance of aquatic ecosystems in these
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areas. Therefore, monitoring potential pH declines and their
effects, especially on shellfish and other sensitive species, and
developing appropriate adaptation strategies are crucial.

In conclusion, the effects of changes in seawater pH on
aquaculture and ecosystem dynamics may show regional
differences. Determining these differences will play a key role in
the formation of future water management policies.

4. ANALYSIS OF DISSOLVED OXYGEN (DO)
CHANGES IN SEAWATER IN THE STUDY AREAS

Annual dissolved oxygen (DO) values of Mersin and
Mugla regions showed different trends between 1999-2019
(Figure 8). In Mersin, DO levels generally ranged between 6.5
and 8.0 ppm, with an average of 7 ppm, exhibiting a very slight
increasing trend (<0.001/year). Conversely, in Mugla, DO levels
fluctuated within a narrower range of 6.0 to 6.5 ppm, with an
average of 6.25 ppm, showing a very slight decreasing trend
(<0.001/year).

Yearly Oxygen 1999 ta 2019 with Line Connecting Mean Values and Linear Smoothing

Figure 8. Annual O: (ppm) variations in Mersin and Mugla
between 1982 and 2020.
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The red line connects the average oxygen values over the
years, while the blue line represents the linear trend in oxygen
levels. The gray areas indicate the 95% confidence interval of
the linear trend curve. The multiplicative decomposition of the
time-series data for Mersin reveals both seasonal fluctuations
and a long-term increasing trend in the observed total values.
The trend component indicates a general increase in dissolved
oxygen levels over time. The seasonal component shows regular
annual fluctuations in DO values, while the random component
represents unexplained short-term variations with low
amplitude. This analysis reflects the sensitivity of dissolved
oxygen in Mersin to climatic and environmental dynamics. In
contrast, for Mugla, the decomposition highlights a distinct
seasonal fluctuation and a trend component showing a slight
decline in DO levels. The seasonal component consistently
captures periodic annual changes, demonstrating that dissolved
oxygen levels vary in regular cycles. The random component
points to low-amplitude, irregular changes (Figure 9).

Mersin Mugla O,
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Figure 9. Decomposition of time series for O, in locations.
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Although the average dissolved oxygen (DO) values
differ only slightly between the regions, DO levels in Mersin
vary within a broader range of 6 to 9 mg/L, whereas in Mugla,
they are distributed within a narrower range of 6 to 7 mg/L
(Table 3, Figure 10). When the coefficient of variation values
are examined, it is seen that the variation between the dissolved
oxygen values in Mersin in 2019 is 5 times higher than in the
Mugla region. The same situation is valid for other years,
although at different rates. This disparity suggests that
environmental conditions in the Mersin region are more
dynamic. Factors such as higher photosynthetic activity, stronger
wind patterns, or more active current systems may lead to
greater water mixing in the region, contributing to the observed
differences.

Table 3. Mean, standard deviation (SD), and coefficient of
variation (CV) values for O: levels across regions at specific
intervals.

Mersin Mugla

Mean  SD CV(%) Mean  SD CV(%)

1999 6.75 0.78 11.57 6.28 0.19 2.95

2010 6.53 0.56 8.60 6.23 0.18 2.83

2019 7.12 1.15 16.10 6.24 0.20 3.12
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Figure 10. Index plot of dissolved oxygen for Mersin and
Mugla

When assessing the effects of climate change on oceans,
emphasis is typically placed on increasing sea surface
temperatures (Fueglistaler & Silvers, 2021), rising sea levels
(Tebaldi et al., 2021), and ocean acidification (Byrne &
Hernandez, 2020; Findlay & Turley, 2021). However, oxygen is
a vital component for many ocean organisms and is one of the
primary factors limiting marine life (Laffoley & Baxter, 2019).

Oxygen in oceans is produced only through
photosynthesis at the surface and air-sea gas exchange. Once a
water mass separates from the surface, oxygen levels decrease
due to consumption. Oxygen deficiency, or hypoxia, refers to
the reduction of dissolved oxygen levels and has significant
detrimental effects on marine ecosystems. Globally, the
warming of oceans has a profound impact on the decline of
dissolved oxygen. Ocean warming is estimated to account for
approximately 15% of total global oxygen loss and over 50% of
oxygen loss in the upper 1000 meters of the ocean. Additionally,
intensified stratification, which reduces ventilation, is thought to
explain the remaining 85% of global oxygen loss (Schmidtko et
al., 2017; Stramma & Schmidtko, 2021).
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Increasing surface temperatures (reduced solubility),
reduced ventilation (due to increased stratification), and
increased deep ocean respiration (due to increased surface
primary production and particle flux) are the main processes
leading to ocean deoxygenation (Vaquer-Sunyer and Duarte,
2008; Breitburg et al., 2018). This affects biological processes,
leading to significant changes in global nitrogen and carbon
cycles (IPCC, 2014).

Model simulations (1999-2019) predict a reduction in
dissolved oxygen concentrations by 11.57% to 16.10%,
depending on threshold values considered under global warming
scenarios. The decline in dissolved oxygen levels can
profoundly affect biological and biogeochemical processes,
particularly depending on the oxygen tolerance of various
species. The expansion of low-oxygen zones in the water
column reduces vertical migration depths for certain species
(e.g., tuna and swordfish), narrowing their vertical habitat and
altering the distribution of fishery species (Eby & Crowder,
2002).

Dissolved oxygen is critical for the survival of bacteria,
plants, fish, and other invertebrates. Low DO levels are known
to disrupt growth, reproduction, and immune functions, causing
physiological stress and adversely impacting ecosystem
dynamics (Vaquer-Sunyer & Duarte, 2008). This makes
declining oxygen levels one of the most far-reaching
consequences of global warming on ocean ecosystems.

5. CONCLUSIONS AND RECOMMENDATIONS

This study evaluated the effects of global warming on
sea surface temperature, pH and dissolved oxygen levels in the
Eastern Mediterranean (Mersin) and Western Mediterranean
(Mugla) regions of Turkey. The findings indicate a long-term
increase in sea surface temperatures in both regions, with the
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potential for significant effects on aquatic ecosystems and
aquaculture. The trend of rising sea surface temperatures is more
pronounced in Mersin, where higher seasonal fluctuations are
also observed. Although pH changes are minimal in both
regions, Mugla exhibits a noticeable pH decline trend. In terms
of dissolved oxygen levels, Mersin shows a slight increase,
while Mugla demonstrates a decreasing trend. These results
highlight the variability of global warming's effects on marine
ecosystems based on local environmental conditions. To address
these findings, the following recommendations are proposed:
1. Long-Term Monitoring and Data Collection

In order to comprehensively analyze the effects of global
warming and to establish sustainable management strategies,
long-term monitoring studies should be conducted in regions
such as Mersin and Mugla and changes in temperature, pH and
dissolved oxygen levels should be recorded regularly.

2. Develop Adaptation Strategies

Developing strategies such as breeding heat-tolerant species and
implementing new farming techniques to reduce the effects of
increasing sea surface temperatures on aquaculture.

3. Consider Regional Differences

The study reveals significant environmental differences between
Mersin and Mugla. Therefore, conservation and management
policies should be designed to account for the unique
environmental dynamics of each region.

4. Implement Measures Against Ocean Acidification

To mitigate the adverse effects of pH decline, particularly on
shellfish, adopt measures that support marine carbonate systems
and limit acidification, ensuring the sustainability of sensitive
marine species.
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5. Enhance Ecosystem Resilience

Increase the resilience of marine ecosystems to climate change
by establishing marine protected areas, conserving habitats of
vulnerable species, and implementing restoration projects to
rehabilitate degraded ecosystems.

6. Collaboration Between Communities and Sectors

Cooperation mechanisms involving representatives of fisheries,
aquaculture and other relevant sectors should be established and
information sharing should be increased in climate change
adaptation processes.
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INNOVATIVE BAROTRAUMA TREATMENT
RESEARCHES IN FISHERIES

Emrah SIMSEK®
Sevil DEMIRCI?

1. INTRODUCTION

In fishing activities, species that have low economic
value, are below the legal catch size, or are endangered are
called "unwanted catches" (discards). Discard rates are
considered important indicators of sustainable fishing practices
and ecosystem health. The safe release of these species back into
the sea is prioritized, especially for endangered species.
However, in some cases, these species need to be kept alive,
such as for breeding programs or the aquarium trade (Kelleher,
2005).

Reducing or minimizing unwanted catch rates is a main
goal for sustainable fishing. Selective fishing tools are used to
achieve this. For example, net mesh sizes are adjusted to prevent
the capture of unwanted species and small fish, which helps
protect marine ecosystems (Catchpole & Gray, 2010). Fishing
methods that do not damage the seabed are also preferred to
protect sensitive ecosystems.
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Recent studies have shown that barotrauma has serious
effects on fish health and survival. Barotrauma is caused by
rapid pressure changes, which result in the expansion of gas-
filled structures like swim bladders. This condition causes
displacement of internal organs, bulging eyes (exophthalmos),
and tissue damage. It is seen most often in fish brought quickly
from deep waters to the surface (Kristiansen et al., 2020).

Figure 1. The Position of the Swim Bladder and Other Organs in Fish

In this study, the effects of barotrauma and innovative
treatment methods to reduce its impact will be discussed. In
areas like Iskenderun Bay, where biodiversity is high and
fishing activities are intense, reducing barotrauma effects is very
important for sustainable fisheries management.

2. THE IMPORTANCE OF BAROTRAUMA IN
FISHING LOSSES

Barotrauma is considered a significant factor
contributing to fish mortality and fishing losses. When fish are
brought rapidly to the surface from deep waters, the pressure
surrounding them decreases, causing the gas in their swim
bladder to expand. This rapid expansion leads to physical
injuries, including organ displacement, bulging eyes
(exophthalmos), and stomach eversion (Kristiansen et al., 2020).
Such injuries often prevent fish from swimming properly,
escaping predators, or returning to their natural habitats, which
significantly increases their mortality rates (Brown et al., 2009;
Drumhiller et al., 2014).
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In commercial fisheries, barotrauma often results in high
discard rates. Fish that suffer severe damage are considered
unusable and are discarded, contributing to economic losses and
resource waste (Eberts et al., 2018). For example, studies on
bottom trawl fisheries have shown that a large portion of the
bycatch suffers from barotrauma and does not survive release,
especially when no mitigation techniques are applied (Demirci
& Bayraktar, 2019).

The severity of barotrauma depends on factors such as
capture depth, species characteristics, and the handling
methods used. Fish captured from greater depths show more
severe barotrauma symptoms and experience higher mortality
rates (Ferter et al., 2015; Hughes et al., 2019). For example, fish
caught at depths over 30 meters often exhibit ruptured swim
bladders, tissue damage, and reduced survival (Hannah et al.,
2014). Studies have demonstrated that proper techniques, such
as using descending devices or venting needles, can
significantly reduce mortality by allowing fish to recover in their
natural pressure environment (Madden, 2024; Drumbhiller et al.,
2014).

Addressing barotrauma through effective mitigation
strategies is critical for reducing economic losses and preserving
fish populations. By applying appropriate techniques, the
survival of released fish can be improved, contributing to more
sustainable fishing practices and healthier ecosystems (Eberts &
Somers, 2017; Cook et al., 2018).

3. TREATMENT METHODS FOR BAROTRAUMA

Barotrauma treatment methods aim to mitigate the
physical injuries and physiological stress experienced by fish
when they are brought rapidly to the surface from deep waters.
The two most widely studied approaches to address barotrauma
are venting (gas release) and descending devices, with each
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method presenting distinct advantages and challenges. Studies
across various species and conditions have explored their
effectiveness, providing valuable insights for both commercial
and recreational fisheries.

Figure 2. The Venting Procedure: Gas Release from the Swim
Bladder of a Barotrauma-Affected Fish

Venting is one of the earliest methods used to treat
barotrauma. It involves releasing excess gas from the fish’s
swim bladder using a sharp tool, such as a hypodermic needle.
This technique reduces buoyancy issues and allows the fish to
regain control of its swimming ability. Madden (2024)
demonstrated that venting was effective in addressing immediate
symptoms of barotrauma in species like walleye (Sander
vitreus) and smallmouth bass (Micropterus dolomieu).
However, improper venting techniques can damage the swim
bladder or internal organs, leading to long-term complications.
Eberts et al. (2018) reported that although venting restored
short-term buoyancy in fish, movement and depth utilization
were limited compared to other methods, indicating that venting
may not fully resolve the physiological effects of barotrauma.

Descending devices, in contrast, are designed to return
fish to deeper water where the gas inside their swim bladders
can naturally compress under ambient pressure. This method is
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non-invasive and avoids the risks associated with puncturing the
swim bladder. Studies have shown that descending devices
significantly improve fish survival rates compared to venting.
Demirci and Bayraktar (2019) tested several fish release
devices, including the Fish Release Hook (FRH), Fish Release
Clamp (FRC), and Fish Release Basket (FRB), in Iskenderun
Bay. The Fish Release Basket achieved a 100% success rate in
alleviating barotrauma symptoms when fish were returned to
depths of 28 meters. Similar success was observed with the Fish
Release Clamp and Hook, provided that proper weights were
used to prevent fish from resurfacing.

Comparative research highlights the greater effectiveness
of descending devices in treating severe barotrauma. Eberts and
Somers (2017) conducted a meta-analysis across multiple
species and concluded that both venting and descending devices
increased survival rates, but descending methods offered more
consistent outcomes. For deep-water species, such as red
snapper (Lutjanus campechanus), venting was shown to be
effective in reducing short-term mortality, but descending
devices were more successful in ensuring long-term recovery,
particularly when fish were released at sufficient depths
(Drumhiller et al., 2014). Ferter et al. (2015) further
demonstrated that Atlantic cod (Gadus morhua) returned to
capture depths using descending devices experienced 0%
mortality over 72 hours, compared to high mortality rates in
untreated fish.

The severity of barotrauma and the choice of treatment
method are heavily influenced by factors such as capture
depth, fish species, and handling time. Fish caught from deeper
waters experience greater pressure changes, leading to more
severe injuries such as swim bladder ruptures, tissue
hemorrhaging, and organ displacement (Hughes et al., 2019;
Brown et al., 2009). For instance, Hughes et al. (2019) observed
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mortality rates exceeding 50% in mulloway (Argyrosomus
japonicus) caught at depths of 50 meters, even with treatment.
Similarly, Rankin et al. (2017) noted that deep-water species
like yelloweye rockfish (Sebastes ruberrimus) exhibited
persistent internal injuries despite successful recompression.
These findings emphasize the importance of handling fish
quickly and returning them to depth as soon as possible.

While descending devices are generally favored for their
non-invasive approach, challenges remain in their widespread
implementation. Proper equipment and weight selection are
crucial for the success of descending devices. In some cases,
fish treated with descending methods resurfaced due to
insufficient weights, as reported by Demirci and Bayraktar
(2019). On the other hand, venting requires training and
precision to prevent further harm, making it less practical for
amateur fishers. Madden (2024) highlighted the need for proper
education and training to ensure venting is performed correctly
and safely.

Recent technological innovations offer promising
solutions for barotrauma treatment. Automated descending
devices and fish-friendly turbines in hydroelectric facilities
have been proposed to minimize barotrauma-related injuries
during fish passage (Pracheil et al., 2016). Additionally,
hyperbaric chambers used in experimental studies have provided
controlled environments to simulate decompression and test
treatment methods under realistic conditions (Drumbhiller et al.,
2014; Hughes et al., 2019).

4. CONCLUSIONS AND RECOMMENDATIONS

Barotrauma is a serious physiological condition that
occurs when fish are rapidly brought to the surface from deep
waters. It is characterized by the expansion of the swim bladder,
displacement of internal organs, and bulging of the eyes. It
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significantly affects the survival rate of fish and disrupts their
natural behavior. In commercial fishing, many fish species suffer
from barotrauma when quickly brought to the surface from
greater depths. Therefore, the methods used to treat barotrauma
are critical in reducing mortality rates and improving the welfare
of fish. Two commonly studied treatment methods are gas
release (venting) and returning the fish to deeper waters
(descending).

Research has shown that the most effective treatment for
barotrauma depends directly on the depth from which the fish is
caught and the method used to treat it. Madden (2024) found
that returning fish to their original depth, or "descending," is the
most effective way to mitigate the effects of barotrauma. This
method works by returning the fish to its natural pressure
environment, allowing the gas in the swim bladder to adjust
back to its normal level. As a result, descending reduces the
physiological stress caused by rapid decompression and
increases the chances of fish surviving after release. However,
the effectiveness of descending depends on the equipment used
and the depth at which the fish was caught.

In a study conducted in Iskenderun Bay, Demirci and
Bayraktar (2019) observed that when fish were returned to
depths of 28 meters, their barotrauma symptoms were
significantly alleviated. This finding demonstrates the
effectiveness of returning fish to deeper depths. If a fish can be
safely returned to a depth of 25-30 meters, this is considered the
most effective solution. This depth closely mimics the fish’s
natural environment, allowing the swim bladder to adjust,
minimizing internal organ damage, and promoting recovery.
This treatment also helps the fish regain its natural behavior and
increases its chances of survival.
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However, it is not always feasible to return fish to such
depths, especially in recreational fishing or when the proper
equipment is not available. In such cases, the descending
method remains a valuable alternative. Nonetheless, it is crucial
that the equipment is used correctly, and appropriate weights are
selected. Improper weight selection can cause the fish to
resurface, which would worsen its condition and undermine the
treatment.

Gas release (venting) is another treatment method.
However, this method is generally more controversial. Gas
release involves removing excess gas from the swim bladder
using a needle. While it can temporarily help the fish sink back
into the water, improper application or use by inexperienced
individuals can further harm the fish. Madden (2024) and
Drumhiller et al. (2014) highlighted that gas release might have
long-term negative effects on the fish's swim bladder function.
While it provides a temporary solution to buoyancy issues, it
does not address the underlying problem and may not ensure full
recovery of the fish’s behavior. For this reason, descending is
generally considered a safer and more effective alternative.

The depth at which a fish is caught plays a crucial role in
determining the most appropriate treatment method. Studies by
Cook et al. (2018) and Rankin et al. (2017) found that fish
caught from depths greater than 30 meters show more severe
barotrauma symptoms. These fish require more careful handling
and treatment. Descending is particularly effective for deep-
caught fish to reduce barotrauma effects and ensure their safe
release.

In conclusion, the most effective treatment for
barotrauma depends on the depth at which the fish is caught and
the conditions in which treatment is applied. If the fish can be
returned to a depth of 25-30 meters, this is the optimal solution,
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as it closely mirrors the fish's natural pressure environment.
However, when returning the fish to such depths is not possible,
gas release (venting) remains a viable alternative. This method
minimizes the effects of barotrauma by safely returning the fish
to deeper waters. The success of both methods depends on the
correct use of equipment and techniques.
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THE USE OF ALGAE AS A FEED INGREDIENT
IN AQUACULTURE WITHIN THE SCOPE OF

ONE HEALTH
Metin YAZICI?
Mehmet NAZ?
Yavuz MAZLUM?®
1. INTRODUCTION

Algae, a diverse group of photosynthetic eukaryotic
organisms, have been utilized by humans for over 14,000 years.
However, significant scientific exploration into their potential
began only in the mid-20th century (Saritas et al., 2024; Silva et
al., 2024). These organisms, ranging from large seaweeds and
kelps to microscopic microalgae, thrive by harnessing carbon
dioxide, light, and essential nutrients. Algae play a pivotal role
in "blue foods" within global aquaculture systems, thereby
contributing to food security and sustainable development.
Recent studies increasingly focus on the bioactive compounds
found in both macro- and microalgae, recognizing their potential
health benefits (Chen et al., 2024).
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Algae have diverse applications, from ancient uses in
food, medicine, and fertilizer to modern efforts promoting
sustainability. They are rich source of essential nutrients such as
minerals, vitamins, and fiber, and have been linked to improved
health and digestion, offering alignment with global
sustainability goals (Vijayaram et al., 2024). Marine ecosystems
host a wide variety of algae species, with around 1,800 brown,
6,200 red, and 1,800 green algae species, and red algae being the
most diverse (Pereira, 2021). Historically, algae have been
valued in cultures worldwide for their nutritional and medicinal
properties. For example, macroalgae have been consumed since
500 B.C. in China, while microalgae such as Arthrospira were
used by the Aztecs and in Africa (Paz-Montelongo et al., 2024).

In recent years, the healthcare sector has also begun
adopting algae-based products as part of sustainable practices,
reducing environmental impacts while promoting public and
planetary health (Pereira, 2024). The global production of algae
reached 38 million tonnes (wet weight) in 2022, with
aquaculture accounting for 97% of this production. Asia
continues to lead in algae production, with China contributing
60%, followed by Indonesia, South Korea, and the Philippines.
In addition, microalgae production in inland aquaculture reached
102,753 tonnes in 2022, with red algae representing 55.8% and
brown algae 43.8% (FAO, 2024).

The increasing use of algae as a feed ingredient in
aquaculture within the One Health framework highlights its role
in promoting sustainable food production systems. While this
approach recognizes the interconnectedness of human, animal,
and environmental health, this study will specifically focus on
the effects on aquatic organisms and environmental health,
excluding human impacts.
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2. ONE HEALTH IN AQUACULTURE

The concept of One Health, which gained prominence
during the 2003-2004 SARS outbreak and the H5N1 avian
influenza epidemic, highlights the intrinsic interconnection
between human, animal, and environmental health. It
underscores the importance of multidisciplinary collaboration in
addressing zoonotic diseases and public health challenges.

Extending beyond traditional focuses on livestock and
wildlife, One Health Aquaculture integrates sustainable
practices to enhance productivity while mitigating ecological
and public health risks, promoting responsible food production
amid global challenges (Mattoo and Magsood, 2023) (Figure 1).

Sustainability
Climate change

Circular economy Biodiversity
Less Footprint ‘% Less pollution
free of Diseases ONE Antibiotic free
vectors g HEALTH foods
Antioxidant rich
: ANIMAL diet
Functional feed LT w HUMAN HEALTH lets

additives

Good farming

environment
Good management
practices

Food security

Figurel. Advancing One Health: Enhancing Human,
Animal, and Environmental Health

The One Health paradigm represents a transformative
shift aimed at improving health outcomes through fostering
advancements in biomedical research, strengthening public
health systems, expanding scientific knowledge, and advancing
medical education and practice (Monath et al., 2010). When
integrated thoughtfully into aquaculture practices, the One
Health approach has the potential to enhance the health and
sustainability of aquatic ecosystems, ensuring the well-being of
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both aquatic species and human populations. In addition to
safeguarding a healthier and more resilient future for coming
generations, this cooperative framework can preserve and
enhance lives today.

2.1. Benefits Of One Health Aquaculture

Aquaculture, initially characterized by low inputs and
small-scale operations, expanded rapidly in response to 20th-
century population growth and depletion wild fish stocks,
becoming a crucial source of high-quality protein and income.
However, the global intensification of aquaculture, particularly
in Asia, involves high stocking densities and the extensive use
of antibiotics, pesticides, metals, and untreated animal and
human excreta. These practices have raised significant concerns
about food safety and human health, including exposure to
antibiotic residues, resistant bacteria, contaminants, and
pathogens (Sapkota et al., 2008). The One Health approach is a
vital framework that offers potential benefits to the aquaculture
sector by addressing various dimensions, including
environmental health, the health of aquatic organisms, and
human health (Figure 2). This integrated approach is considered
essential for developing a more resilient, sustainable, and
consumer-focused aquaculture system that can effectively
withstand global crises like the recent COVID-19 pandemic.
Both micro and macro algae offer important opportunities in
solving these emerging problems.
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Figure 2: Advantages of One Health Aquaculture for
Sustainability and Health

3. IMPACTS OF ALGAE ON ENVIRONMENTAL
HEALTH IN AQUACULTURE: A ONE HEALTH
PERSPECTIVE

Poor aquaculture practices lead to issues like
eutrophication, pollution, and habitat disruption, fostering
harmful microbes. One Health Aquaculture advocates for
sustainable management to protect ecosystems by conserving
biodiversity and reducing pollution.  Ecosystem-based
approaches, such as integrated multi-trophic aquaculture,
recycle waste between species, promoting a balanced and
sustainable system. (Mattoo and Magsood, 2023). Algae,
particularly, macroalgae offers a sustainable alternative to
conventional feed ingredients like corn and soybeans, reducing
competition with food and biofuel industries. Its cultivation is
resource-efficient, requiring less freshwater and arable land.
Additionally, macroalgae helps mitigate nutrient pollution and
eutrophication by absorbing excess nitrogen and phosphorus
from aquatic systems (Gonzalez-Meza et al., 2023).
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3.1. Macroalgae in Aquaculture and Bioremediation

Macroalgae provide significant environmental and
economic benefits in aquaculture, particularly as biofilters in
integrated multitrophic aquaculture (IMTA) systems. These
systems improve water efficiency and quality by utilizing
macroalgae to absorb excess nutrients from aquaculture
wastewater (Mawi et al., 2020). Their role in carbon
sequestration helps mitigate climate change and ocean
acidification, supporting healthier marine ecosystems and
contributing to carbon neutrality. Macroalgae also serve as a
sustainable feedstock for bio-renewable energy, aligning with
the United Nations Sustainable Development Goals by reducing
dependency on fossil fuels and promoting the sustainable use of
marine resources (Gao and Beardall, 2022). Recognized as
environmentally friendly, safe, and cost-effective, the
application of macroalgae in aquaculture advances sustainability
while maintaining economic viability (Vijayaram et al., 2024).

One significant advantage of using macroalgae in
wastewater bioremediation is the potential to recover biomass,
which can be converted into valuable bioproducts such as
alginate, agar, and carrageenan (Ahmad et al., 2022; FAO,
2024). Macroalgal biomass is widely utilized across industries,
including food, pharmaceuticals, cosmetics, biofuels,
bioplastics, and fertilizers, highlighting its versatility (FAO,
2024). Furthermore, macroalgae play a critical role in the
circular economy by reducing nutrient loads in wastewater and
contributing to food security (Kotta et al., 2022). Central to the
circular economy is the principle of reusing and recycling
natural resources, which helps minimize environmental, energy,
and health impacts (Dini, 2023).
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3.1.1. Bioremediation in Aquaculture

The aquaculture sector is one of the fastest-growing
industries globally. Bioremediation plays a vital role in
nitrification and denitrification processes, contributing to the
overall health of the aquaculture ecosystem. It enhances primary
productivity, which in turn stimulates aquaculture production.
Factors influencing bioremediation efficiency include algal
species, pH, temperature, oxygen levels, alkalinity, and salinity
(Elchelwar et al., 2020).

Macroalgae are particularly effective as a cost-efficient
and environmentally friendly solution for bioremediation. As
they grow, macroalgae simultaneously remove nitrates and
phosphates from aquaculture wastewater (Henriques et al.,
2017). An optimal macroalgae species for wastewater
bioremediation should exhibit rapid growth, high nutrient
absorption rates, adaptability to environmental conditions, and
availability from local communities (Sivakumar et al., 2012;
Nhat et al., 2018).

Research underscores the advantages of bioremediation
in maintaining water quality in aquaculture ponds (Jasmin et al.,
2020). Ahmad et al. (2022) highlighted its potential as a low-
cost, sustainable, and ecologically safe method. Innovations like
the two-step algal pond system have been proposed to optimize
algae's bioremediation role in aquaculture wastewater (Aquilino
et al., 2020). For marine aquaculture effluents, integrating salt-
tolerant extractive species is essential. For instance, halophyte
plants like Sarcocornia ambigua and Sarcocornia neei have
demonstrated high nutrient absorption capabilities (Beyer et al.,
2021).
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3.2.  Ecological Considerations

Untreated aquaculture wastewater should not be
discharged directly into natural water bodies, as it can lead to
eutrophication (Elchelwar et al., 2020). Effective wastewater
management is crucial to mitigate these environmental impacts.
Aquaculture systems release high concentrations of nitrogen (N)
and phosphorus (P), which are the primary drivers of
eutrophication. Globally, 50-80% of aquaculture wastewater is
discharged into water bodies, contributing to nutrient pollution
and expanding eutrophic zones (Andreotti et al., 2017; Racine et
al., 2021). Macroalgae serve as natural phytoremediators in
coastal ecosystems, efficiently removing nitrogen and
phosphorus from the water. This capability enhances water
quality and mitigates nutrient pollution, making macroalgae a
valuable tool for ecosystem restoration and management
(Arumugam et al., 2018).

3.3.  Nutrients in Aquaculture Wastewater

Aquaculture water can be classified as freshwater,
brackish, or saltwater based on salinity. Nitrogenous
compounds, such as ionized ammonia and nitrite, are hazardous
in freshwater systems, with their toxicity increasing at higher pH
and temperatures (Krishnani et al., 2019). Most wastewater
contains more nitrogen than phosphorus. Nitrogen and
phosphorus are critical for primary productivity and fish growth,
yet excessive concentrations disrupt ecological balance, causing
eutrophication (Sugiura, 2018).

Sulfur, primarily present as sulfate, is another essential
element. Under anaerobic conditions, it can form toxic hydrogen
sulfide, which stresses aquatic animals and increases their
susceptibility to diseases (Boyd, 2014).
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3.4.  Macroalgae and Biomass Production

Macroalgae function as biological filters, reducing
nutrient loads in aquaculture wastewater. Their nutrient uptake
rates depend on factors such as depth, light, temperature,
stocking density, and species-specific characteristics (Kim et al.,
2019). Species like Gracilaria chilensis, Codium fragile, and
Ulva pertusa have shown high efficiency in nutrient removal
and suitability for IMTA systems (Kang et al., 2021; Bartucca et
al., 2022).

The potential of aquaculture wastewater to replace
synthetic nutrient solutions in algae production highlights a
sustainable approach to biomass generation. The resulting algae
biomass, rich in high-value compounds, can support industries
like Dbiofuels, pharmaceuticals, and food production,
transforming ecological risks into economic opportunities (Pahazri
et al., 2016; Renuka et al., 2021). Bioremediation Steps from
Aquaculture to Bioactive Compounds are shown in Figure 3.
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Figure 3: Bioremediation steps from Aquaculture to
Bioactive Compounds
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3.5.  Antimicrobial Resistance Challenge and Algae:

The rise of antimicrobial-resistant bacteria (ARB) and
their global spread are increasingly recognized as major public
health threats to both humans and animals in the 21st century.
This issue has prompted significant attention from health
organizations, governments, private foundations, and
consumers. A growing demand for sustainably produced food,
particularly from healthcare clients and animal product
consumers, has emerged as a result of these concerns (Millanao
et al., 2018).

Food production systems provide significant socio-
economic and public health benefits, especially in low- and
middle-income countries, by addressing the growing demand for
nutritious and accessible food. One Health Aquaculture plays a
crucial role in this regard, fostering economic stability, creating
jobs, and supporting food security (Mattoo & Magsood, 2023).
However, the food production sector faces mounting challenges
due to ecological issues such as pandemics, climate change, and
antimicrobial resistance (AMR). With the global food demand
projected to double by 2050, the need for sustainable solutions
to ensure reliable feed supplies is becoming ever more critical.
Seaweeds, which offer substantial benefits for sustainable feed
production, are increasingly recognized as a valuable alternative
to traditional feed sources, contributing to the resilience and
sustainability of food supply chains (Gonzalez-Meza et al.,
2023).

AMR, however, presents a significant ecological
challenge, with complex interactions between microbial
populations impacting human, animal, and environmental
health. Addressing this issue requires a coordinated,
multisectoral approach like One Health, which emphasizes the
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interconnectedness of these systems and advocates for
comprehensive strategies to manage AMR (McEwen, 2018).

Integrating sustainable resources such as seaweeds into
food production systems and adopting a One Health approach
can effectively combat global challenges while promoting
ecological and agricultural resilience. In aquaculture, algae have
been shown to improve immunity and disease resistance in
various aquatic organisms (Hoseinifar et al., 2022; Rouhani et
al., 2022; Yazici et al., 2024). This not only promotes healthier
aquatic populations but also reduces reliance on antibiotics,
helping to lower the prevalence of antimicrobial-resistant
bacteria. These practices are in line with the One Health
framework, supporting both environmental sustainability and
better public health by curbing resistance spread (Gonzalez-
Meza et al., 2023).

Furthermore, integrating robust biosecurity measures and
quality control within One Health Aquaculture can reduce
disease transmission risks and ensure healthier diets through
sustainably farmed seafood, thus enhancing overall human well-
being (Mattoo & Magsood, 2023).

4. NUTRITIONAL AND FUNCTIONAL
PROPERTIES OF MACROALGAE FOR
AQUATIC ORGANISMS:

The COVID-19 pandemic, climate change, and the
urgent need to double food production by 2050 have created
challenges that have driven research into innovative and
sustainable animal feed options (Gonzalez-Meza et al., 2023).
The growing global population, particularly in developing
countries, has underscored the need for alternative, nutrient-rich
food sources. Oceans, covering a significant portion of the
planet's habitable area, house a diverse range of marine
organisms. These organisms, uniquely adapted to extreme
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conditions like salinity and pressure, serve as valuable resources
for developing treatments for human diseases (Rafie et al.,
2024).

In response to the increasing demand for sustainable
food production, the incorporation of both macroalgae and
microalgae in aquaculture feeds has emerged as a promising
solution (Gonzalez-Meza et al., 2023). Algae, rich in bioactive
compounds and proteins, offer numerous advantages over
traditional feed ingredients. These advantages include rapid
growth, minimal water requirements, no competition for arable
land, and carbon-neutral emissions, making algae an attractive
alternative to conventional animal feeds (Geada et al., 2021). As
shown in Figure 4, various algal metabolites are utilized in
aquaculture feed formulations.
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.
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g —— Terpenoids and Sterols
T Pigments

Figure 4: Algal Metabolites Used In Aquaculture

Furthermore, algae-derived products align with the One
Health concept, offering therapeutic properties that make them
promising sustainable feed components (Geada et al., 2021,
Vijayaram et al., 2024). These properties contribute significantly
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to animal welfare and product quality improvement (Gonzalez-
Meza et al., 2023). In aquaculture, algae-based products are
increasingly replacing antibiotics in feed due to their ability to
act as both prophylactic and therapeutic agents against
infectious diseases. Their use provides a sustainable and safer
alternative to antibiotics, which have been restricted in many
countries due to their adverse effects. Algae-based products
significantly enhance immune responses and promote growth in
aquatic animals, while also exhibiting antibacterial properties
effective against both Gram-negative and Gram-positive
bacteria (Mohan et al., 2024; Naiel et al., 2021). In addition to
aquaculture, algae are widely utilized in industries such as food
processing, pharmaceuticals, nutraceuticals, and bioremediation
(Mohan et al., 2024). The inclusion of macroalgae in
aquaculture feed is generally recommended at levels below
10%, as higher inclusion rates may lead to negative effects
(Mahmoudi et al., 2022; Yazici et al., 2022).

Research by Ferreira et al. (2021) evaluated a
commercial blend of two microalgae (Nannochloropsis
oceanica and Chlorella wvulgaris) and two macroalgae
(Gracilaria gracilis and Ulva rigida), highlighting its balanced
nutritional composition in terms of proteins, lipids, essential
fatty acids, and carbohydrates. The blend demonstrated
significant antimicrobial and antioxidant activity against
Tenacibaculum maritimum.

Both micro and macroalgae supplements play a critical
role in strengthening the immune system and enhancing disease
resistance in aquatic animals. Algae rich in bioactive compounds
have been shown to improve immune parameters such as
hemocyte count, phagocytic activity, lysozyme activity, and
immune-related gene expression (Naiel et al., 2021; Bahi et al.,
2023; Vijayaram et al., 2024). For example, astaxanthin derived
from algae has been reported to boost immune responses in
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Pacific white shrimp (Litopenaeus vannamei), exhibit
antibacterial activity, and provide resistance to WSSV (Wang et
al., 2015). Similarly, supplementation with Spirulina platensis
has been found to enhance the growth performance of Nile
tilapia (Oreochromis niloticus), improve general immunity
through increased IgM, lysozyme, phagocytic activity,
lymphocytes, and eosinophils, and stimulate local intestinal
immunity by increasing lymphocytes and goblet cells (Youssef
etal., 2023).

Moreover, extract from macroalgae such as Laurencia
caspica have demonstrated significant immunostimulatory
effects in Nile tilapia, enhancing resistance to Streptococcus
agalactiae and improving survival rates. This extract has been
proposed as an effective strategy for combating bacterial
diseases in aquaculture and as a potential alternative to
antibiotics, offering the added benefit of reducing chemical
usage in the industry (Khanzadeh et al., 2023). These findings
demonstrate the potential of algae as a functional feed additive
for improving health and enhancing disease resistance in
aquaculture (Bahi et al., 2023).

With over 40 species of algae utilized in aquaculture,
algae present diverse benefits as innovative alternatives to
traditional feed sources. These benefits highlight the critical role
algae play in advancing sustainable aquaculture practices,
contributing to global food security, and reducing environmental
impacts (Vijayaram et al., 2024).
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5. CONCLUSSION:

Aquaculture is anticipated to become the primary source
of aquatic dietary protein by 2050, playing a crucial role in
ensuring global food security. However, achieving sustainable
growth requires careful attention to environmental integrity,
animal welfare, and human health. In this context, the One
Health Aquaculture approach provides a holistic framework that
integrates these factors, supports sustainable development goals,
and promotes ecosystem-based practices to minimize
environmental impacts while ensuring food security.

Sustainable aquaculture faces several challenges,
including wastewater generation, antimicrobial resistance, and
habitat degradation. However, these challenges also present
opportunities. For example, nutrient-rich wastewater can be
repurposed for algal biomass production and the recovery of
valuable bioactive compounds. The inclusion of algae as feed
ingredients in aquaculture is particularly promising within the
One Health framework. Algae are rich in bioactive compounds,
proteins, and essential nutrients that can improve fish health,
enhance growth performance, and improve disease resistance.
Algae-based products also offer sustainable alternatives to
antibiotics, reducing the need for chemical treatments in
aquaculture systems. Furthermore, algae farming contributes to
environmental sustainability by absorbing excess nutrients from
wastewater and reducing greenhouse gas emissions. By adopting
One Health principles, aquaculture can promote planetary health
by harmonizing human, animal, and environmental well-being.
As a key component of this integrated approach, algae are
poised to play a transformative role in developing resilient,
sustainable food systems that benefit both present and future
generations.
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STRATEGIES TO REDUCE THE CARBON FOOTPRINT
IN TRAWL FISHING

Ozkan AKAR'
Aydin DEMIRCI?

1. INTRODUCTION

Fishing activities are recognized as a significant source
of global greenhouse gas emissions. Both aquaculture and
capture fisheries require detailed identification of their carbon
footprints and efforts for reduction. Intensive aquaculture, such
as the farming of species like turbot, stands out due to its high
energy demand. For example, producing one kilogram of farmed
turbot results in 19.4 kg CO: equivalent emissions. In contrast,
extensive aquaculture methods, such as mussel farming, produce
only 0.08 kg CO- equivalent, making it one of the lowest carbon
footprint activities.

Trawl fishing has a particularly high carbon footprint due
to its intensive energy consumption. Studies show that, on
average, 2.9 liters of fuel are consumed to bring one kilogram of
fish to shore, which corresponds to approximately 7.6 kg CO:
emissions (Sala et al., 2022). This consumption can vary
significantly depending on factors such as vessel size, fishing
method, and targeted species (Demirci, 20024). Trawl fishing,
while targeting both pelagic and demersal species, consumes
large amounts of energy, leading to higher emissions compared
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to other fishing techniques. Evaluating energy efficiency in
trawl fishing and identifying strategies to reduce energy use
could provide significant economic and environmental benefits.

Alternative fishing methods that require less energy can
promote sustainability in the sector. For instance, a study in
Galicia showed that catching pelagic species consumes less
energy compared to demersal species (lribarren et al., 2010).
Globally, fishing is considered one of the most energy-
consuming methods in food production, resulting in significant
greenhouse gas emissions (Vivekanandan et al., 2013). This is
closely related to the increasing energy demands of mechanized
fishing operations. Research in India shows that mechanized
fishing vessels produce 1.18 tons of CO: per ton of fish, while
motorized small-scale vessels emit only 0.59 tons of CO: per ton
(Vivekanandan et al., 2013). This difference is directly linked to
the widespread use of energy-intensive methods such as
trawling.

Improving energy efficiency in fishing requires the
implementation of energy audits. By analyzing energy use on
vessels, unnecessary consumption can be identified. Studies
have shown that reducing the vessel’s cruising speed by half a
knot can achieve up to 15% fuel savings (Thrane, 2006).
Additionally, the use of more efficient engines and the
development of low-friction fishing gear can significantly
reduce fuel consumption (Parker et al., 2018).

Comparative analyses show that trawl fishing targeting
small pelagic species has a lower carbon footprint compared to
other methods. However, energy-intensive methods such as
deep-sea trawl fishing consume fuel at rates exceeding the
global average. For example, investigations of trawl fishing in
Italy revealed that fishing activities in this region consume 2-3
times more fuel than the global average (Sala et al., 2022).
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In this study, current methods for reducing emissions in
trawl fishing are proposed. The aim is to identify and
recommend practical strategies to lower greenhouse gas
emissions, improve energy efficiency, and promote
sustainability in the sector.

2. REDUCING THE CARBON FOOTPRINT OF
TRAWL FISHING

Energy Efficiency Audits

Energy audits are the first step in optimizing energy use
in trawl fishing. Audits analyze fuel consumption to identify the
most energy-intensive components and offer solutions to
improve efficiency. For example, energy audits conducted in the
Mediterranean have shown that reducing vessel speed by half a
knot can decrease fuel consumption by 15% (Sala et al., 2022).
Additionally, energy audits allow for the creation of an energy
profile, enabling the assessment of technological investments
that promote energy savings.

Technological Improvements and Alternative Methods

Technological innovations must be applied to reduce the
carbon footprint of trawl fishing. More efficient ship engines,
the development of low-friction vessel designs, and the use of
low-friction fishing gear can significantly lower fuel
consumption (Iribarren et al., 2010). Moreover, the adoption of
alternative energy sources is an effective method to reduce
emissions. Studies in India have reported that mechanized
vessels produce 1.18 t CO: per ton of fish, whereas motorized
vessels result in lower emissions (Vivekanandan et al., 2013).

Optimization of Fishing Techniques

To reduce the energy intensity of trawl fishing, fishing
techniques must be reviewed. Instead of conventional trawl nets,
energy-efficient fishing methods should be preferred. In Galicia,
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Spain, it has been found that fishing for pelagic species
consumes less energy compared to demersal species (Iribarren et
al., 2010). Similarly, the use of passive fishing methods, such as
gillnets, can significantly reduce energy consumption and
decrease the carbon footprint.

The modernization of the fishing industry holds great
potential for reducing fuel consumption and carbon emissions.
Technical improvements made to trawl nets and ropes provide
both economic and environmental benefits. The use of thinner
ropes and netting materials reduces water resistance, which
places less strain on the vessel's engine. As a result, lower
engine revolutions allow for more efficient fuel combustion,
leading to reduced carbon emissions (Sala et al., 2018).

Replacing traditional nylon materials with high-tech
polyethylene-based ropes enables lighter and more durable nets.
Polyethylene ropes, compared to nylon, have higher tensile
strength and lower weight, reducing the energy demand of trawl
vessels (Demirci et al, 2008; Stergiou et al., 2006Demirci et al,
2017; Ulas et al, 2017). Lighter equipment minimizes
underwater friction, improving fishing operations’ efficiency
and reducing fossil fuel consumption.

Furthermore, optimizing engine revolutions improves
engine performance, leading to cleaner combustion. This not
only reduces carbon emissions but also minimizes the release of
harmful gases such as NOx (nitrogen oxides) (Ziegler &
Hornborg, 2014)..

Engine Renewal and Modernization

Engine renewal is an essential step for improving energy
efficiency. This process involves the detailed inspection and
renewal of engine components, including honing cylinders,
replacing pistons and valves, and refurbishing exhaust and
intake manifolds. Modernized engines operate more efficiently,
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reducing fuel consumption, which directly impacts emissions.
Replacing older engines with next-generation models not only
enhances performance but also reduces environmental impacts.

Reduction of Exhaust Emissions

EGR (Exhaust Gas Recirculation) systems reduce
nitrogen oxide (NOx) emissions by redirecting a portion of
exhaust gases back into the intake manifold, thereby lowering
combustion temperatures. This method can achieve up to a 50%
reduction in NOx emissions (MS Motorservice, n.d.). EGR
systems are applied to both diesel and gasoline engines, playing
a significant role in controlling emissions while optimizing
engine performance and fuel efficiency.

Turbocharger

Sludge Clean
out Brine out

Scavenge
Air cooler

Figure 1. A Exhaust Gas Recirculation (marineeducation.com=

Wet  electrostatic  precipitators are  advanced
technological systems capable of reducing pollutants such as
particulate matter, heavy metals, and acid mists in exhaust gases
by up to 99%. These filters collect pollutants through electrical
charging and then remove them using a liquid solution. This
method is particularly effective in controlling emissions from
marine diesel engines, contributing to improved air quality and
reduced environmental impacts.
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Figure 2 A Wet electrostatic precipitators
(www.teknofer.com.tr)

Scrubber systems reduce pollutants such as sulfur
oxides (SOx) and particulate matter by washing exhaust gases
with water or other solutions. Classified as open-loop, closed-
loop, and hybrid systems, scrubbers can be adapted to vessel
operations and environmental requirements. In the maritime
sector, scrubber systems effectively lower the sulfur content in
exhaust gases, facilitating compliance with regulatory emission
limits (PGE Miihendislik, n.d.).

Management Strategies and Policies

The European Union Emissions Trading System (ETS)
implements carbon quota regulations to keep carbon emissions
within a certain level. While this system aims to reduce
emissions in energy-intensive industries, it can also establish
incentive mechanisms based on energy efficiency for fuel-
intensive sectors such as fishing (Sala et al., 2022). Similarly,
the International Maritime Organization (IMO) regulations on
limiting carbon emissions in maritime transport encourage steps
to reduce energy consumption in fishing vessels (IMO, 2021).

In Turkey, a Special Consumption Tax (SCT)
exemption is applied to reduce fuel costs in the fishing sector.
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However, this policy allows the continued operation of energy-
intensive and high-carbon emitting vessels, which can increase
the carbon footprint in the long term. Maintaining the current
SCT exemption may inadvertently support practices that
promote intensive energy use rather than encouraging energy
efficiency.

To address this issue, energy efficiency criteria should
be introduced for vessels benefiting from the SCT exemption.
Programs that promote the adoption of technologies reducing
carbon emissions must be implemented. To support
sustainability in the fishing sector, financial incentives and
support programs should be developed for energy-efficient
vessels. For example, credit and grant schemes targeting vessels
with electric or hybrid engines can help transform the sector into
a lower-carbon structure. Reducing the carbon footprint,
improving energy efficiency, and achieving sustainability goals
are critical for the fishing sector. In Turkey, revising the current
SCT-exempt fuel policy and introducing mechanisms to
encourage energy efficiency will play an essential role in
reducing carbon emissions. Compliance with international
emission standards and the protection of limited natural
resources will ensure the sustainability of marine ecosystems.

3. CONCLUSIONS AND RECOMMENDATIONS

The analysis underscores the critical importance of
adopting energy-efficient technologies, modernizing equipment,
and implementing effective management strategies to reduce the
carbon footprint of trawl fishing. Strategies such as engine
renewal, the use of scrubber systems, and wet electrostatic filters
demonstrate the potential for significant emission reductions,
while promoting cleaner operations in the maritime sector.

A comprehensive approach is required to address
challenges stemming from high energy consumption and

208



Su Uriinlerinde Ileri Arastirmalar

emissions in trawl fishing. Energy audits play a key role in
identifying inefficiencies and providing actionable solutions to
reduce fuel usage. Additionally, the integration of advanced
engines and low-friction equipment has been shown to enhance
performance, optimize fuel efficiency, and minimize
environmental impacts.

Policy interventions, such as the revision of fuel tax
exemptions and the introduction of energy efficiency criteria, are
essential for incentivizing sustainable practices. Furthermore,
adopting financial support mechanisms for low-carbon
technologies, including electric and hybrid engines, can drive
the fishing sector toward a sustainable transformation.

In conclusion, reducing the carbon footprint in trawl
fishing requires a multi-faceted approach that combines
technological innovation, policy support, and operational
optimization. Achieving these goals will not only ensure
compliance with international emission standards but also
contribute to the long-term sustainability of marine ecosystems
and the fishing industry. A collective effort from policymakers,
industry stakeholders, and technology developers will be crucial
to advancing these sustainable practices.
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