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known about its profitability and the possible constraints faced by its operators.
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in the study used 36% of the capacities of the established aquaculture projects

leading to lower tonnage of fish per cycle of production in all the farms. This is an DOI: 10.17216/LimnoFish.1337295

indication of the underutilization of the production capacities of the established fish
farms. The profit margins were greater than 40% in all the projects surveyed, proof
that aquaculture has good potential as a business enterprise in the province.
However, the study identified several constraints which include lack of skilled
workforce, poor access to funding, and lack of established input suppliers within
the province as being responsible for the underdevelopment of the sector.
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Introduction

Aguaculture is the fastest-growing food
production sector in the world (Edwards et al. 2019),
and Africais an aquaculture destination of choice due
to the continent's favorable environmental
conditions, with approximately 43% potential area
for farming tilapia, African catfish, and carp
(Adeleke et al. 2021). Several African countries
including Egypt, Nigeria, Uganda, and Ghana are
making significant contributions to global
aquaculture by serving as the continent's main
aquaculture destinations (Adeleke et al. 2021).

Although South Africa has one of the most well-
developed infrastructural networks, and conducive
environmental conditions suitable for aquaculture
development in the continent (Britz and Venter

2016), however, aquaculture development in the
country is still at developmental stages. The
country’s contribution to global aquaculture
production is insignificant compared to the leading
African contributors (Adeleke et al. 2021; FAO,
2020). According to Ortega et al. 2021, the South
African aquaculture sector made an annual
contribution of about 6400 tonnes of fish to the total
South African fisheries industry in 2018, while the
country placed tenth among the African 10
aquaculture-producing countries, contributing 0.28%
of the total African farmed food fish production
(Adeleke et al. 2021).

South Africa's aquaculture industry is separated
into marine and inland aquaculture. The sector is
geographically diversified across all nine provinces
that comprise the country. The province of the
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Western Cape is the economic center for aquaculture
output. It is also the country's most major contributor
to GDP in terms of aquaculture exports. Other
significant contributing provinces include Eastern
Cape and Mpumalanga (DAFF 2018a).

Gauteng province is one of South Africa's
warmest provinces. While winter temperatures can
range between 5° and 19° celsius, bringing frost and
frigid mornings, summer temperatures can range
between 17° and 28° celsius and can last up to 8
months out of the year (Moja Media 2015). The
province is ideal for warm water fish, particularly
tilapia and catfish, with temperatures ranging from
20° to 30° celsius (Hecht et al. 1988; FAO 2011).

DAFF (2014) rated the province fourth in terms
of overall freshwater fish production and the number
of fish farms operating in the province in 2013
(DAFF 2019). In 2011, Gauteng province was in a
distant third in the export of fish and aquatic
invertebrates. The province exported 105,312 tonnes
which made 2.99% of total national exports, trailing
behind Western and Eastern Capes respectively
(DAFF 2014). These export products were not only
provincial products, but also products brought into
the province from other parts of the country,
indicating the province's poor aquaculture production
(DAFF 2014).

Despite its current output, the aquaculture
business in Gauteng province has a bright future.
Because the province has a huge population,
including expatriates from fish-eating countries
across the world, it has a large potential market for
aquaculture products. However, due to the non-
commercial character of the aquaculture industry in
the province, production estimates for the sector are
underreported just like for the rest o the country
(DAFF 2013). And despite the high market potential,
nothing is known about the province's aquaculture
venture's profitability. Little or no thought has been
given to the business's viability or the elements that
influence it. Rather, research has concentrated on
issues such as fish biology, production, growth
processes, and nutrition. However, aquaculture
production involves more than just fish growth
processes; it also entails paying attention to the
financial aspects of production, which aids in better
decision-making and  progress.  Aquaculture
financials are  important  for  promoting
commercialization, obtaining capital, and convincing
investors of the enterprise's profitability (Mwangi
2007; Kaminski et al. 2018). The lack of knowledge
on aquaculture profitability affects not just the
farmers who produce fish, but also all stakeholders
who may be interested in engaging in the sector.

The purpose of this study therefore was to assess
the production capacity and profitability of existing
aquaculture projects, as well as to identify the

constraints causing the underdevelopment of the
sector in Gauteng province, despite the availability of
strong support structures and enabling environment.

Materials And Methods

Study Area

The research was carried out in South Africa's
Gauteng area. Gauteng province is the smallest of
South Africa's provinces, accounting for around
1.5% of the country's total geographical area
(Dlamini et al. 2022). However, it is the most
populous of South Africa's nine provinces and has
been named the country's economic center and
gateway to the country (Gauteng City-Region
Observatory [GCRO] 2016; Dlamini et al. 2022). The
province has the highest migrant population, with a
combined total migrant population that exceeds the
total of all other provinces (Dlamini et al. 2022).

The aquaculture industry in Gauteng province is
underdeveloped compared to provinces like Western
and Eastern Capes or Mpumalanga of South Africa.
The province was ranked fourth by DAFF (2014) in
terms of the total freshwater fish production and the
number of fish farms operating in the province in
2013 (DAFF 2014).

Gauteng province is mainly an urban province.
However, its agricultural sector makes up a small
share of the economy providing the cities and towns
with daily fresh produce (GCIS 2004; Makiti Guides
and Tours 2009). In terms of climatic conditions, the
province falls within the areas with hot summer and
cold winter making it generally too cold for warm
water fish and too hot for cold water fish (GCIS
2004).

Tilapia is the most common farmed species in the
province. Oreochromis mossambicus was a
predominantly farmed species in the past because it
is indigenous to South Africa. However, most farms
have replaced O. mossambicus with the fast-growing
Oreochromis niloticus which is listed as an alien
invasive species in the country (DAFF 2018b).
Tilapia species is embraced in Gauteng province
because of its white flesh for which it has been
dubbed “aquatic chicken®, and also due to the
presence of foreign African nationals who are from
countries where fish consumption is valued as well as
South Africans who are imbibing the art of healthy
eating.

The African sharptooth catfish, Clarias
gariepinus, is another food fish which are being
farmed in the province but whose production is not
very high because they are difficult to sell due to their
red color, meaty texture, and distinct muddy flavor
(Stander 2007). Local buyers found its appearance
unappealing and the cost price often too high.
However, African catfish is sought after by some
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immigrants from some African regions where it is
regarded as a delicacy (Britz 2015). Other fish
species produced in the province include carp,
prawns, and ornamental fishes (DAFF 2019).

Sampling

Primary data for the study were collected using
snowball and convenience sampling methods. The
snowball sampling method is a referral-based non-
probability sampling approach. The method is to find
someone who is a good fit for the study and then have
that person recommend other people (Kirchherr and
Charles 2018). Each respondent was contacted by
phone prior to the formal survey. After the
respondent accepted the survey, the purpose of the
study was explained, and a formal appointment was
scheduled. According to Gauteng Department of
Agriculture and Rural Development database,
Gauteng province had 14 operable food fish
aquaculture farms. However, as of the time of this
study, only six of the listed farms remained in
operation while three were partially functional. The
remainder had either closed or the owner had
discontinued fish production for a variety of reasons.
Therefore, acquainting with one project led to the
other projects by recommendation and referral. All
the identified project owners were contacted. Only
five, however, volunteered to be interviewed.

Data Analysis

All obtained data was coded and recorded into a
Microsoft Excel 2010 spreadsheet before being
uploaded to the Statistical Package for Social
Sciences version 24 (SPSS 24). The descriptive
features of the respondents, such as frequencies,
percentages, mean, and standard deviation, were
examined using Microsoft Excel and SPSS 24. In
terms of profitability, a range of management
strategies for assessing profitability in agricultural
and other sorts of enterprises have been established.
Many studies have employed techniques such as
cost-benefit analysis (CBA), net present value

(NPV), internal rate of return (IRR), gross margin,
and net revenue. Each strategy is determined by
elements such as investment size, investment period,
and business objectives (Kamangira et al. 2014). The
gross margin was used as an analysis method in this
article to determine the profitability of aquaculture
ventures in the province.

Gross Margin and Gross Margin Ratio
Analyses

The gross margin is the overall income generated
by an enterprise less the variable costs incurred by the
enterprise while the gross margin ratio which is a
measure of a company's efficiency measures the ratio
of the gross margin and total revenue generated. The
bigger a company's profit margin, the more efficient
it is. Because of its accuracy in profit assessment,
gross margin has been employed in numerous
research and appears to be the method of choice in
profitability calculation (Nkadimeng et al. 2021,
Sambo et al. 2021; Ogundari and Ojo 2009).

The gross margin and the gross margin ratio were
denoted by:

GM=TR-TVC

GMR = GM/TR

Where:

G.M. stands for gross margin, G.M.R stands or
gross margin ratio, TR = Total revenue (from fish
sales), TVC is the Total variable cost (which includes
feed costs, labor costs, electricity costs, maintenance
expenses, and so on).

Results

Farm Production Capacity and Current
Production

The production capacities of each participated
project and the current capacity utilization are
presented in Figures 1, 2, and 3. Figure 1 shows the
farm capacity while Figure 2 shows the actual usage
of each farm that participated in the study. The
outcome shows that none of the farms are operating
to full capacity.

Project Capacity (Kg)
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Figure 1. Aquaculture project capacity
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Projects Capacity Usage (Kg)
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Figure 2. Aquaculture project active capacity
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Figure 3. Aquaculture project capacity usage performance

Figure 3 indicates that only farms 2 and 3 are
being utilized at above 50% of their total capacities,
all the other farms are greatly underutilized.

Productivity and Profitability of Aquaculture
Operations Investigated

To produce fish, either in table-size, juvenile, or
fingerling sizes, many inputs are necessary. Such
inputs include fixed and variable inputs. Fish farming
is one of the agricultural activities undertaken by
responding farmers in the same location. This is done
in the same place as other farm practices such as
vegetable cultivation, piggery, and cow breeding. As
a result, the endeavors share the same inputs. And
because no fixed input could be ascribed to the
aquaculture firm due to the interlaced usage of the
inputs, aquaculture productivity could not be
established but inferred from production and
utilization. A gross margin analysis was used to
determine profitability.

Gross Margin and Gross Margin Ratio
Analyses

Table 1 summarizes the gross margin ratios from
the farms studied. The least gross profit for the
production cycle analyzed was R33 334 for the five

farms on which the gross margin was calculated,
while the maximum was R840 000. The disparities in
profit between farms were considered to be
attributable to the scale of production as well as the
amount of management used throughout production,
which included timely and efficient feeding as well
as water quality management.

Constraints Limiting
Development in Gauteng Province

Table 2 summarises the issues that farmers face.
According to the survey results, there are numerous
restrictions impeding the growth of aquaculture in the
province. However, a lack of qualified labor in
aquaculture seems to be a problem shared by all of

Aquaculture

the farmers who responded to the poll. Concerning
financing, all of the farmers complained about not
being able to obtain funds from the government or
banks. Farm expansion is unfeasible due to a lack of
funds.

Other obstacles highlighted by respondents included
a ban on the cultivation of other species of tilapia
other than Mozambique tilapia, as well as
government laws and regulations governing the
subsector, notably around fish importation.
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Table 1. Gross margin output of fish production

Variables Farmer 1 Farmer 2 Farmer 3 Farmer 4 Farmer 5
Total production per cycle 5000 120 000 42 000 35 000 6 000
(Units)
Unit production cost

(Rand/Kg) * 25 25 26 26 22

Total ‘(’é‘;i‘égﬂf” cost 41 666 1,000 000 364 000 303 333 44000
Selling price per kg (Rand) 45 46 46 45 45

Total re\(/gr;%;)er cycle 75 000 1 840 000 644 000 525 000 90 000

Gross margin (Rand)*** 33334 840 000 280 000 221 667 46 000
Gross margin ratio 44 46 43 42 51

*Unit production cost includes the cost of fingerlings, labour, feed, electricity etc.
**Total production cost = Unit production cost multiplied by number of fish produced in kilogram
***Gross margin = Total revenue — Total production cost

Table 2. Constraints to the growth of aquaculture as indicated by fish producers

Farmers Constraints experienced by farmers
Lack of skilled Limiting Lack of labor
Farm 1 government knowledge of
worker - .
policies fish
N Erratic power . Underdeveloped
Farm 2 Poor legislation 'C POW Poor extension velop
supply market
Lack of . A -
Oxygen High cost of Unavailability of  Unavailability of
Farm 3 knowledge of . . .
. control heat generation fish seed fish feed
system design
. Lack of skilled Limitin
Farm 4 Poor funding . g
worker policies
— Lack of . . .
Unavailability of . Lack of skilled  Erratic electricity
Farm5 passionate
Broodstock worker supply
workers
was used to determine the gross margin of each farm
Discussion surveyed. All the analysed farms had a positive gross

Human capital is one of the variable components
employed in aquaculture production, as is electricity
in the case of the Recirculation Aquaculture System
(RAS), which is the type of aquaculture production
system used in the province. Water, feed, and oxygen
are also variable inputs. All the participated fish
producers were unable to assign costs to the
numerous inputs utilised in their farms for fish
production. They do, however, have an evaluation
system which is the production of a kilogram of fish
at a particular cost. As a result, the farmers were
onlyable to give the price of producing one kilogram
of fish per cycle of production. This production cost

margin, indicating that the aquaculture industry in
Gauteng Province is earning a healthy return on sales
while keeping overhead expenses under control.
Based on the estimated gross margin ratios from
the aquaculture operations in this study, it can be
concluded that fish farming in Gauteng Province is
profitable. Findings from several agricultural studies
using gross margin and gross margin ratio have
yielded similar results and conclusions: Southwest
Bangladesh aquaculture (Siddiga et al. 2018), tilapia
farming in Southern China (Matlala 2014), shrimp
culture in Song Cau district, Vietnam (An 2012),
Nguni cattle farmers in Limpopo (Nkadimeng et al.
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2021) and Menchum River Valley rice production in
Cameroon (Bime et al. 2014). However, Boyd et al.
(2020) on the other hand, emphasised the importance
of good planning and operation by aquaculture
farmer for sustainable growth and profitability.

Due to the industry's limits, none of the farmers
interviewed were working their farms at full capacity.
Only one farm was using more than 50% of its
complete capacity, while the remainder were
significantly underused. According to farmers, the
main restrictions affecting the underutilization of
farm facilities include a lack of funding, higher input
costs, and a shortage of qualified manpower. The
farmers were all aware of the government's intention
to fund aquaculture. However, the procedures for
obtaining the funds are time-consuming. All except
one farmer claimed to have been able to access
government funding at one time. All the other
farmers claimed to run the farms out of their personal
funds. The inability to obtain finance is a significant
barrier. As a result, because intense commercial
aquaculture is costly to create and run, fish farming
in Gauteng Province has stayed on a limited scale.
This finding is consistent with the findings of Sebola
M.P (2018), Madibana et al. (2020). The
investigations revealed that the majority of fish
farmers were unable to obtain funding and hence
could not grow as planned.

Another restraint was the prohibition on the
production of other tilapia species other than
Mozambique tilapia. However, due to the slow
growth of Mozambique tilapia, farmers favored Nile
tilapia, which grows quickly and is commercially
viable. According to the farmers, getting a
government permit to cultivate Nile tilapia, was a
difficult task. Britz et al. (2009) identified this
constraint as a major impediment to the development
of aquaculture enterprises in South Africa as a whole,
and Madibana et al. (2020) repeated the same opinion
as a key point that the government should investigate
to promote the expansion of aquaculture in South
Africa.

Other obstacles mentioned by the farmers include
government policy as well as subsector regulation.
On a personal level, some other challenges that
farmers face regularly include power outages, which
always entail the need for alternate sources of power
supply, resulting in a rise in production expenses as
well as the cost of fish products.

Another obstacle faced by farmers, particularly
those planning to enter the industry of producing fish
fingerlings and young fish, is the issue of brood stock.
A major barrier is the country's lack of sources for
purchasing brood stock. The government's regulation
of fish importation is a major impediment to the
subsector's expansion. Only one of the five farmers
who responded can grow fingerlings for table-size

fish production. As a result, the other farmers had to
rely on him for their fingerlings and juvenile fish. The
remedies to the province's limits to aquaculture
expansion are unique to the country as a whole. These
limits are mentioned in the works of Hecht et al.
(1988), and Madibana et al. (2020).

Conclusion

According to the study's findings, aquaculture
projects in Gauteng province are producing below
capacity. This is evident from each project's output
capacity and actual present use. At maximum
capacity utilization, the combined total production
should have been 195 tonnes of fish. For this survey,
only roughly 70 tonnes of total fish production were
documented. The current use equals 36% of the
overall capacity of the farms.

Several constraints in aquaculture productivity
were identified. Nonetheless, despite the sector's
problems and underproduction, fish farming in the
area is profitable. While one of the farms had a gross
margin ratio greater than 50%, all the other farms had
a gross margin ratio greater than 40%. This
demonstrates that aquaculture is a viable business.
The initiative has the potential to contribute to the
government's socioeconomic goals of job creation
and poverty eradication.

To aid the growth, development, and profitability
of aquaculture in Gauteng province, government
agencies, and non-governmental groups must raise
youth awareness in order to stimulate fish farming in
the province. In addition, legislation for aquaculture
practices is needed to overcome current rules,
particularly those that do not promote aquaculture in
the province. Furthermore, there is a need to develop
a  full-fledged department of aquaculture
management in institutions around the province to
support aquaculture study and research. It is also
critical for the government to make it easier for
farmers to access the funds set aside to encourage
aquaculture in the province.
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The blue-green algae are main members of summer phytoplankton in Keban Dam RESEARCH ARTICLE
Lake and to some extent in Lake Hazar. Sporadic occurrences of Microcystis

aeruginosa blooms were noticable in Keban Dam Lake whilst blooms of Nodularia Received  :15.07.2023 ]
spumigena was characteristic in Lake Hazar. Three variants of cyanotoxin namely E E
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1.368 mg L* and it proliferated rapidly giving rise to a bloom within two weeks in

Hazar Lake. The bloom lasted nearly four weeks and maximum biomass was * CORRESPONDING AUTHOR
recorded as 28.4 mgL 1. Chlorophyll a concentration was found to be 12-14 pg L1 feraysonmez@gmail.com

in the first two weeks of the active multiplication period and increased up to 21-24
pug LT at the maximum bloom level. Nodularin (toxin of N. spumigena) was
detected in the samples with concentrations varied between 42.3 and 607 pgL.
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Keban Baraj Golii ve Hazar Goélii'nde Toksik Mavi-Yesil Alg Cogalmalar:

Oz: : Mavi-yesil algler, Keban Baraj Golii ve bir 6lgiide Hazar Golii'ndeki yaz fitoplanktonunun baslica iiyeleridir. Keban Baraj Golii'nde
Microcystis aeruginosa bloomlari dikkat ¢ekerken, Nodularia spumigena bloomlar1 yalnizca Hazar Golii'nde gergeklesmistir. Keban
Baraj Golii'nde M. aeruginosa bloomlari esnasinda alinan 6rneklerde siyanotoksinin {i¢ varyanti olan mikrosistin-RR, mikrosistin-YR
ve mikrosistin-LR analizleri yapilmustir. Mikrosistin-RR konsantrasyonu 0,27-1,12 pg/L; mikrosistin-YR konsantrasyonu 0,12-0,54
ug/L ve mikrosistin-LR konsantrasyonu 0,27-1,15 pg/L araliginda belirlenmistir. M. aeruginosa bloomlari esnasinda klorofil a
konsantrasyonlart 16-20 pg/L ve 32-36 pg/L araliginda bulunmustur. Hazar Goli’'nde Nodularia spumigena’nin ilk ¢ogalmalari, 1.368
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olusturmustur. Bloom yaklasik dort hafta siirmiis ve maksimum biyokiitle 28,4 mg/L olarak kaydedilmistir. Aktif ¢ogalma periyodunun
ilk iki haftasinda 12-14 pg/L olarak analiz edilen klorofil a konsantrasyonu, maksimum ¢ogalma seviyesinde 21-24 pg/L'ye kadar
yiikselmistir. Nodularin (N. spumigena toksini) gl suyunda 42,3 ile 607 ug L * arasinda degisen konsantrasyonlarda tespit edilmistir.
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Introduction

Cyanophyta (also refered as cyanobacteria) is  reported by many authors throughout the world
conspicuous and common member of phytoplankton  (Paerl et al. 2001; Philips 2007). However one of the
of many freshwater ecosystems. Under suitable  major concerns with these blooms is that some of the
conditions, they can proliferate rapidly and form  blue-green algal species have the ability to produce
blooms. In fact, blooms of blue-gren algae were toxins (cyanotoxin) that pose a risk for aquatic
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ecosystems and to human health (Corus and Bartram
1999). In addition, eutrophication and apperance of
cyanobacterial bloom, have become a world-wide
problem that can cause serious problems when
bloom-forming species release watersoluble toxins
(Watanabe and OQishi 1980; Carmichael 1994). There
are about 30 species of cyanobacteria that can be
associated with toxic water blooms (Skulberg et al.
1993). Reports are available for lakes in at least 44
countries as well as for seas (e.g. the Baltic Sea,
Caribbean Sea, Atlantic, Pasific and Indian Oceans)
and oceans (Carmichael 1994).

One of the more common and widespread bloom-
forming blue-green alga associated with toxin
production is Microcystis aeruginosa (Kutzing)
Lemmerman. However, Aphanizomenon flos-aquae
Ralfs ex Bornet and Flahault, Dolichospermum
spiroides (Klebhan) Wacklin, L.Hoffmann and
Komarek (Anabaena spiroides Klebahn) and
Nodularia spumigena Mertens ex Bornet and
Flahault are also included in the list of toxin
producing blue-green algae (Carmichael 1994; Paerl
et al. 2001). Toxic algae produce two main types of
toxin; alkoloid neurotoxins and peptide hepatotoxin
(Cood 1994). Contact with water containing toxic
blue-green algae can cause various harms to human
health such as vomiting, diarrheria, weakness, liver
damage and hepatitis (Cood 1994). The occurrence
of toxic cyanophytes can also become a major
concern for drinking water when they form blooms in
water reservoirs (Rositano et al. 2001).

Toxin of M. aeruginosa is called microcystin, a
hepatotoxin that can negatively affect aquatic
animals and human health (Chorus and Bartram
1999; Zurawell et al. 2005). As a result of this,
blooms of toxic M. aeruginosa has been reported to
be responsible for mass mortalities of aquatic animals
thus giving rise to destabilization of food web in
agauatic ecosystems (Zurawell et al. 2005).
Consumption of microcystin contaminated drinking
water was also reported to pose potential human
health risks (Chorus and Bartram 1999).

Aphanizomenon flos-aquae was also reported to
produce a cyanotoxin called cylindrospermopsin
(CYN) (Preussel et al. 2006). This is a tricyclic
guanidine alkaloid associated with the production of
harmful metabolites and inhibition of protein
synthesis (Froscio et al. 2003). It has been linked to
gastrointestinal distress, damage to liver in a variety
of aquatic animals. CYN has also been shown to be
genotoxic, causing DNA strands breakage (Shen et
al. 2002).Concerning human health, 148 people were
reported to be hospitalized with hepatitis-like
symptoms after exposure to CYN-contaminated
water (Bourke et al. 1983).

Nodularia spumigena is a flamentous,
heterocystous nitrogen-fixing blue-green alga mostly

occurring in saline and brakish waters. Filaments are
easily recognizable by the short, compressed/disclike
cells and heterocysts. The sheath is rather thin and
close the filament. Blooms of N. spumigena are
usually toxic due to hepatotoxin that they produce.
Their toxin is called nodularin that is a cyclic
pentapeptide. Its structure and biological activity is
similar to that of microcystin. This toxin is reported
to be hazardous to aquatic animals when dense
blooms occurred that can give rise to acute cases. It
may cause death through liver failure (Carmichael
1994).

The first report of cyanotoxic bloom of
Nodularia spumigena was observed in Lake
Alexandria (Australia) as early as in 1980s (Hobson
et al. 1999). The lake had the characteristic of
estuarine salinity at that time. In recent years
prominent blooms of N. spumigena were reported to
have occurred in Baltic Sea (Kahru et al. 1994;
Mazur-Marzec 2006). Blooms of N. spumigena are
usually toxic due to hepatotoxin that they produce.
Their toxin is called nodularin that is a cyclic
pentapeptide. Its structure and biological activity is
similar to that of microcystin. These toxins are
reported to be hazardous to aquatic animals when
dense blooms occurred that can give rise to acute
cases. They may cause death through liver failure
(Carmichael 1994).

Microcystin and other cyanotoxins have been
identified in many freshwater resources in various
countries. To our knowledge, the first report related
to occurrence of toxic blue-green algal bloom and
cyanotoxin (microcystin) production in freshwater
ecosystems in Turkey belongs to Albay et al. (1998).
Their work on Microcystis aeruginosa bloom was
performed in Sapanca (meso-oligotrophic) and
Taskigla Lake (eutrophic). They reported that
microcystin-RR ~ was dominant  cyanobacterial
microcystin in Lake Sapanca whilst microcystin-LR
was determined with higher concentration than other
types in Taskigla Lake. M. aeruginosa bloom was
also observed in Omerli Dam Lake by the same
authors. Several thosound of fish mortalities were
reported due to this bloom. In the same geographical
region, occasional blooms of N. spumigena were
observed in Lake iznik (Akgaalan et al. 2008) and
more recently a toxic cyanobacteria bloom was
reported from Lake Uluabat (Apolyont) (Ulcay et al.
2010).

Keban Dam Lake and Lake Hazar are two
significant freshwater resources for Elazig and
neighbouring provinces. The former is a man-made
lake whilst the latter is naturally originated. Lake
Hazar is known as the second deepest lake in Turkey
after Lake Van. The mean depth is calculated as 90
m (Sen et al. 1999).The lake is tectonic in origin and
has elopsoid shape with 4 km width and 20 km
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length. Lake Hazar is categorized as alkaline lake due
to its high alkalinity and pH values is 9 or over 9 in
most of the year (Kocer and Sen 2014). This features
make Lake Hazar as a specialized/extreme
ecosystem.

Irregular occurrence of blue-green algal blooms
were observed in lakes situated in Elazig Province
from year to year. Occurrence of Microcystis
aeruginosa and Aphanizomenon flos-aquae blooms
were noticable in Keban Dam Lake whilst Nodularia
spumigena bloom was characteristic only in Lake
Hazar. These species have been known to produce
toxin under suitable conditions. The cells of these

Materials and Methods

Blue-green algal blooms occurred in summer and
early autumn. Microcystis aeruginosa blooms
occurred in july (2015) and august (2019) in Keban
Dam Lake, Nodularia spumigena blooms were
observed in Lake Hazar during autumn (september)
in 2014 and 2016. Blooms of Aphanizomenon flos-
aguae were also observed in Keban Dam Lake.
Blooms were recorded in 2018 (mid september) and
2020 (late september). Toxin analysis were carried
out both during M. aeruginosa and N. spumigena
blooms. However such analysis could not be
performed for A. flos-aquae bloom due to lack of
laboratory facilities.

Blooms occurred in littoral regions in both lakes
and samplings were carried out only at one station
(from the center region of the blooms). Water and
algal samples were collected from under the surface
of the lakes. Plankton net (20 pm mesh size) and
water botttle were wused for qualitative and

Results

The blue-green algae are main members of
summer phytoplankton in Keban Dam Lake and to
some extent in Lake Hazar. Blooms of blue-green
algal species known potentially to be toxic were
observed to occur in these lakes from time to time.
When blooms occurred, colonies and/or filaments of
algae formed visible thick and wide bands on surface
of the lakes. The highest dentisities of filaments and
colonies were usually found at first 0.1-1.5 m depth.
However filaments and colonies were also found to
be suspended in deeper water columns.

Occurrence of Microcystis aeruginosa was
noticable in Keban Dam Lake whilst occurrence of
Nodularia spumigena was characteristic only in Lake
Hazar.

Microcystis are characterised as notoriously and
overwhemlingly dominant species in many tropical,
subtropical and temperate lakes (Fogg et al. 1973;

algae contain gas vacuoles (pseudovacuoles) which
give them great buoyancy. This naturally accounts
for the fact that profuse growths become
concentrated at the surface of the lakes where floating
scums (constituted by mass of colonies) result.

The present paper emphasizes some
significant/interesting findings concerning blooms of
toxic blue-green algae Microcystis aeruginosa in
Keban Dam Lake and Nodularia spumigena in Lake
Hazar. It is noteworthy that Lake Hazar is the second
ecosystem in which the toxic bloom of N. spumigena
was recorded in our country after Lake Iznik.

guantitative algal and water collections. Water
temperature and pH were measured in situ using a
multi parameter analizer (YSI 63). Biomass of algae
was determined according to method described by
Rott  (1981). Nitrate and orthophosphate
concentrations were analysed following the
spectrometric method outlined in APHA (1989).
Chlorophyll a was determined spectrometrically
through aseton method described by Wetzel and
Likens (1991) and calculated through monokromatic
method (Lorenzen 1967). Toxin analysis was
performed at Fisheries Faculty of Istanbul University
according to method described by Lawton (1994).
The 1SO 20179 method was used for microcystin
analysis and results were given as Microcystin-LR
eqg. Micrographs of algae were taken with Nikon
Eclipse 80i research microscope and algae were
identified from relevant references (Wehr and Sheath
2003; John et al. 2003).

Chorus and Bartram 1999). Sporadic occurrence of
Microcystis aeruginosa (Figures 1, 2) blooms was
also noticable in Keban Dam Lake. When blooms
occurred, scums of the alga covered a large part of
the lake surface (Figure 3). During the bloom, scums
formed visible thick oily surface layers/bands
particularly in the littoral region (Figures 4-6). The
highest densities of filaments and colonies were
usually found at first 0.1-1.0 m depth. However they
were also found suspended in smaller numbers up to
1.5-2.0 m. Great density of colonies also changed the
colour of lake water to blue-greenish.

Microcystis aeruginosa blooms in Keban Dam
Lake did not occur at regular intervals. First bloom
was recorded in July 2015 and the second one
occurred in August 2019. Density of M.aeruginosa
during the blooms was estimated as high as 90-95%
in overall phytoplankton population. Chlorophyll a
concentration was found to range 25-28 pg/L and 32-
36 ug/L during the first and the second bloom of the
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alga respectively. The blooms particularly occurred
in Uluova Region of the lake. This region is the most
polluted part of the dam lake as city sewage is being
discharged into the lake in this part. Thus, high

@@ REDMI NOTE 8
CO Al QUAD CAMERA

nutrient contents available in Uluova Region could
be considered as one of the main reasons for blooms
to occur in this part of Keban Dam Lake since no
blooms were observed in other parts of the lake.

Figure 1. The general appearance of Microcystis aeruginosa colonies under the microscope.

@O REDMI NOTE 8
CO Al QUAD CAMERA

Figure 2. The microscobic appearance of Microcystis aeruginosa colonies as stored in a computer attached to
microscope. Note: Notice the thick, dense mass of M. aeruginosa colonies in the conical flask collected from Keban
Dam Lake.
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Figure 3. General view of Microcystis aeruginosa bloom on the surface of Keban Dam Lake. Note: Notice how
scums covered almost the whole surface of the lake.

Figure 4. The bloom-band of Microcystis aeruginosa  Figure 5. Thick oily scums of Microcystis aeruginosa
visible on the surface of Keban Dam Lake

Figure 6. Blue-greenish oily scums of Microcystis aeruginosa in a indentation of Keban Dam Lake.
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Scums of M. aeruginosa constituted thick oily
layer on the surface water particularly near the shore
(Figures 6, 7) in Keban Dam Lake. This region is
better protected from strong wind effect therefore it
offers a calm/unwindy water conditions for the
colonies to accumulate and proliferate.

Naturally this gives rise to the formation of
thick-oily scums. Blooms of the alga usually lasted 3-

4 weeks with varying densities. Colonies proliferated
and spreaded rapidly to form massive scums on the
surface of the lake. They usually spreaded slowly
from littoral region towards open water part.

However thicker scums were always in the littoral. It
was also possible to observe blue coloured remains
of scums on the shore after water level decreased
towards the end of summer (Figure 7).

Figure 7. Conspicuous blue coloured remains/residues of Microcystis scums on the lake shore after water
level decreased.

Toxin of M. aeruginosa is called microcystin.
Three variants of microcystin namely Microcystin-
RR, Microcystin-YR and Microcystin-LR were
analyzed in lake water during the blooms. Their

concentrations were determined in the following
range; microcystin-RR 0.27-1.12 pg/L, microcystin-
YR 0.12-0.54 pg/L and microcystin-LR 0.27- 1.15
pg/L (Table 1).

Table.1 Microcystin values determined in Keban Dam Lake during Microcystis aeruginosa blooms.

Bloom 1 Microcystin-YR
Microcystin-LR
Bloom 2 Microcystin-RR

Microcystin-YR
Microcystin-LR

0.12-0.52 pg/L
0.27-1.13 png/L
0.27-1.12 pg/L
0.12-0.54 pg/L
0.27-1.15 pg/L

Table.2. Mean values of some physical and chemical parameters of Keban Dam Lake during Microcystis
aeruginosa blooms.

pH
Water temperature (°C)

Dissolved oxygen (mg O2/L)

Electrical conductivity (uS/cm)

Orthophosphate (ug/L)
Nitrate (ng/L)

Total hardness (mgCaCOs/L)

Littoral Open water

8.1 8.3

25.6 28.4

7.8 8.3

290 284

110 80

2100 1120

144 142
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(table continues...)

Chlorine (CI)

241 21.9

In recent years blooms of Aphanizomenon flos-
aguae was also observed in Keban Dam Lake.
Blooms were recorded in 2018 (mid september) and
2020 ((late september) that never coincided with the
bloom years (2015, 2019) of M. aeruginosa. During
the bloom, A. flos-aquae filaments constituted the
almost 90 % of the whole phytoplankton population.

Many individual filaments of A. flos-aquae gather
together to form free-floating flakelike bundles
(Figure  8) which  were easily visible
scattered/spreaded on surface of the lake at first 0.1-
1.5 m depth. Toxin analysis during the bloom of A.
flos-aquae could not be performed due to lack of
laboratory facilities.

Figure 8. General appearance of filaments of Aphanizomenon flos-aquae under the microscope. Notice
flakelike bundles of the alga.

Blooms of Nodularia spumigena (Figure 9) are
usually toxic due to hepatotoxin called nodularin.
First bloom of N. spumigena in Lake Hazar was
reported by Sen et al. (2010). The high densities of
filaments were usually found at 0.1-0.5 m water
column. The first apperance of the alga was observed
in the first week of june (2010) with a biomass of
1.368 mg/L (1368 pg/L) and it multiplied rapidly
giving rise to a bloom within two weeks. The bloom
lasted nearly 4 weeks with varying densities. The
maximum biomass was recorded as 28.4 mg/L
(28400 pg/L). At this stage, a thick band caused by
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dense filaments of the alga was visible on the surface
of the lake (Figure 10). Chlorophyll a concentration
was found to range 12-14 pg/L in the first
two weeks of the active multiplication period and
increased up to 22 pg/L at the maximum bloom level.
During the first bloom of N. spumigena (2010), the
concentration of the toxin of the alga
(nodularin), was detected to vary in a range of 42.3 -
607 ug/L. On the onset of the bloom, concentration
of nodularin was determined as 42.3 pg/L
and it increased up to 607 ug/L at maximum bloom
level.

g °

Figure 9. Micrograph of Nodularia spumigena observed in Lake Hazar.
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Figure 10. Thick bloom-bands of Nodularia spumigena spreading on the surface of Lake Hazar.

The second bloom was observed during summer
of 2016. Biomass of the alga showed similarity to that
of the first bloom. On the onset of the bloom (mid
July), biomass was determined as 1.204 mg/L (1204
pg/L) and finally reached to a maximum biomass of
19.2 mg/L (19200 pg/L) in August. Chlorophyll a
concentration was 17.2 pg/L at maximum bloom
level. Concentration of nodularin was determined to

vary minumum 34.6 pg/L (on the onset) and
maximum 544 pg/L. No fish mortalities were
observed during both blooms.

Concentrations  of nitrate  (NO3) and
orthophosphate (PO4) generally ranged 0.361- 0.581
mg/L (361-581 pg/L) and 0.008- 0.017 mg/L (8-17
ug/L) respectively during the summer seasons in
Lake Hazar (Table 3).

Table.3 Summer physical and chemical water properties of Lake Hazar

Parameters Minimum Maksimum
pH 9.0 9.2

Water Temperature (°C) 24.1 26.0
Electri(c:é/(c:::ll;ductivity 2161 2439

NO> (ug/L) 48 61

NOs (ug/L) 361 581

TN (ng/L) 740 1010

PO4 (ng/L) 8 17

TP (ng/L) 14.1 214

Cl (mg/L) 231 314

N. spumigena has never been observed and/or
was reported from Keban Dam Lake. On the
contrary, blooms of Microcystis aeruginosa and
Aphanizomenon  flos-aquae  never  occurred

in Lake Hazar. Higher contentrations of nodularin in
Lake Hazar compared those of
microcystin detected in Keban Dam Lake was
noticable.
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Discussion

The blue-green algae are main members of
summer phytoplankton in Keban Dam Lake and to
some extent in Lake Hazar. Occurrences of
Microcystis aeruginosa and Aphanizomenon flos-
aguae were noticable in Keban Dam Lake whilst
occurrence  of  Nodularia  spumigena  was
characteristic only in Lake Hazar. These species have
been known to produce toxins under suitable
conditions.

Microcystis is characterised as notoriously and
overwhemlingly dominat species in many tropical,
subtropical and temperate lakes. Sporadic occurrence
of Microcystis aeruginosa blooms was also noticable
in Keban Dam Lake. The blooms of the toxic blue-
green alga M. aeruginosa occurred particularly in
Uluova Region of Keban Dam Lake. This region is
the most polluted part of the dam lake. City sewage
is discharged into this part and there are many
agricultural lands in the vicinity where fertilizers are
used extensively. Thus one may think that, main
reason for blue-green algal blooms to occur in this
part of the dam lake could be the high nutrient
concentrations available for the algae due to nutrient
loading. This finding is in harmony with that of
Roxas and Salgados (2014). Uluova Region of the
lake has moderately alkaline and moderately hard
water characteristics. Thus, it may be posssible to
suppose that these properties of the lake water may
also favour the cyano-blooms to occur in the region.

Blue-green algae (cyanobacteria) are widespread.
Fogg et al. (1973) reported that the major factors
influencing their growth are light, temperature,
chemical composition of lake water and dissolved
oxygen concentration.

Planktonic species such as Aphanizomenon,
Anabaena, Coelosphaerium, Gloetrichia,
Microcystis and Oscillatoria were shown to have a
preference to warm water condition (temperature
ranging 17-20 °C) for their growth (Fogg et al. 1973;
Walsby 1975). In addition, it is also considered that
higher temperatures over 20 °C seem to favour the
formation of blooms. Reynolds (1984) emphasized
that 20 °C is the most suitable water temperature for
the optimal growth of most blue-green algae
occurring/known in lakes of temperate regions.

Present study supported above findings since
cyanobacteria blooms in Lake Hazar and Keban Dam
Lake usually occurred during summer when water
temperaturee were high. M. aeruginosa and N.
spumigena bloom showed a clear relation with water
temperature since occurrence of blooms always
coincided with temperatures over 20 °C (usually 20-
26 °C). It is also worth to mention that Albay et al.
(2005) reported that microcystin production in Lake
Kiiciik Cekmece occurred between 16-25 °C and

maximum production was recorded at 24-28.5 °C.
Considering most of the blooms occurring at high
temperatures, it may be possible to suggest that
summer water conditions, particularly high water
temperatures, also favour the growth and bloom
formation of cyanobacteria both in Lake Hazar and
Keban Dam Lake. However, it should be noted that
active multiplication of Aphanizomenon also
occurred at lower (16-18 °C) water temperatures.

Mature mode of nutrition of blue-green algae is
autotrophic. They have ability to survive the extreme
light conditions of summer season at the water
surface (Mur and Beijsdorf 1978). Present study
supported this as cyanoblooms both in Keban Dam
Lake and Lake Hazar occurred in summer when high-
light conditions were prevaling. Oppositely,
cyanobacteria are also reported to be able to sustain
biomass under low-light conditions better than
eukaryotic algae. The main reason for that was
explained with their low maintenance energy
requirements at low light levels (Mur and Beijsdorf
1978). Occurrence of A. flos-aquae in Keban Dam
Lake supported this finding since the alga also grew
well in late-winter and spring. However it is
noteworthy that the alga never formed a bloom in this
period of the year.

Many cyanobacteria cannot survive high light
intensities over long period. This may limit their
distribution to more turbid eutrophic ecosystems.
However Microcystis spp. are less sensitive to high
light intensities because buoyancy regulation enables
them to find light conditions that are optimal for their
growth (Fogg et al. 1973; Walsby 1975). This means
that the presence of Microcystis spp. cannot be
related strictly to the level of eutrophication. This
genus therefore can be found in mesotrophic,
eutrophic and hypertrophic waters. However, it is
logical to consider that amounts of biomass that this
species attain depends on the level of eutrophication.
In Keban Dam Lake, M. aeruginosa and A. flos-
aquae blooms only occurred in the most polluted part
(Uluova Region) of the lake where nutrient
concentration is possibly higher than in other parts. It
is evident that high nutrients contents naturally
favours the cyanotoxic algal blooms. It is also
noticable that no blooms were observed in other parts
of the lake probably due to insufficient nutrient
concentrations. Thus, occurrence of cyanotoxic
species only in polluted part of Keban Dam Lake that
has eutrophic water properties clearly supports the
findings of Chorus and Bartram (1999).

Most Microcystis blooms are found in lakes with
summer chlorophyll a concentration of 20-50 pg /L
(Chorus and Bartram 1999). The present study is in
harmony with the finding of these authors as
chlorophyll a concentration in Uluova region of
Keban Dam Lake was found to range 16-36 ng/L
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during Microcystis aeruginosa blooms. In addition,
chlorophyll a concentration during the bloom of
Nodularia in Lake Hazar was found to range 12-14
pg/L in the first two weeks of the active
multiplication period and increased up to 22 pg/L at
the maximum bloom level. In addition Nodularia
spumigena blooms in Lake Hazar coincided with
chlorophyll a concentrations over 20 pg/L.

Blue-green algae are sometimes predominant in
waters poor in nutrients. Maxima tend to occur some
weeks after the nutrients decreased (Fogg et al.
1973). These algae may store previously available
nitrogen that they use under nitrogen-limiting
conditions. Akgaalan et al. (2008) determined the
concentration of nitrogen (NO2 + NOz) as 81.9 ug/L
(0.081 mg/L) during the bloom of Nodularia in Lake
Iznik. Concentrations of nitrate (NO3) and
orthophosphate (PO.) generally ranged 361-372 ug/L
(0.361-0.372 mg/L) and 8-12 pg/L (0.008-0.012
mg/L) respectively during Nodularia spumigena
blooms in Lake Hazar. Occurrence of Nodularia
bloom at low nitrogen concentrations in lake iznik
and Lake Hazar appears to support the finding of
Fogg et al. (1973). However, concentrations of nitrate
were always high (ranged 2.1-4.6 mg/L) to support
the rapid multiplication of Microcystis aeruginosa in
Keban Dam Lake where nitrate and orthophosphate
concentrations were 5-6 folds of those recorded in
Lake Hazar and Lake iznik.

Cyanotoxic blooms of Nodularia spumigena
were observed in lakes (Hobson et al. 1999) as well
as in seas (Kahru et al. 1994; Mazur-Marzec 2006).
However toxic bloom of the alga was reported only
from a freshwater lake (Lake Iznik) in Turkey so far.
Lake Hazar is the second ecosystem in which the
toxic bloom N. spumigena was recorded in our
country.

Akgaalan et al. (2008) reported that maximum
filament concentrations of N. spumigena occurred in
August in Lake Iznik. Present study is in harmony
with these authors since first bloom of N. spumigena
in Lake Hazar occurred late-July and the second one
was observed in early-August. Therefore it may
indicate that blooms of N. spumigena tend to occur in
summer like that of M. aeruginosa in this
geographical region.

Akgaalan et al. (2008) analysed chlorophyll a
concentration as 11.4 ug/L during the bloom of
Nodularia spumigena in Lake iznik. Similarly,
chlorophyll a concentration was found to range 14-
18 pg/L during the blooms of the same alga in Lake
Hazar. Level of pH in lake iznik was reported to be
8.99 (Akgaalan et al. 2008) that is almost as high as
that of Lake Hazar.

A direct reletionship between N. spumigena
blooms and high phosphate and low nitrogen content
in brakish waters was found by Lehtimaki et al.

(1994). However, the present study is partly in
harmony with this finding since active growth of N.
spumigena coincided with low concentrations of both
nutrients in Lake Hazar.

Salinity was reported to be one of the main
factors for blooms of toxic cyanobacteria to occur
(Kahru et al. 1994; Mazur-Marzec 2006; Akcaalan et
al. 2008). However effect of salinity in the present
study was obscure since chlorine concentration were
too low to affect strongly the occurrence of
cyanotoxic blooms in Keban Dam Lake. However
this may hold true for the bloom of Nodularia
spumigena in Lake Hazar that is a characteristic lake
with high alkalinity and pH level. In fact, chlorine
(CI) concentration was found to range 200-300 mg/L
in Lake Hazar (Koger and Sen 2014) that is almost 10
folds of that recorded (21.9-24.1 mg/L) in Keban
Dam Lake.

It is noteworthy to emphasize that N. spumigena
was never observed and/or reported from Keban Dam
Lake. On the contrary, blooms of M. aeruginosa and
A. flos-aquae never occurred in Lake Hazar. This is
most probably due to different water quality
characteristics of the two lakes. In fact, it is possible
to consider that specialized environmental features of
Lake Hazar (such as high alkalinity and pH) may
prevent Microcystis and Aphanizomenon from
occurring in in this lake. This may be true as it was
reported that considerably high and low
degree/concentration of any environmental variables
may become a restricting factor for algal growth in
the ecosystems (Rai and Gaur 2001).

Concentrations of cyanotoxins produced by
Nodularia spumigena and Microcystis aeruginosa
were considerably different although both algae
formed thick bloom bands when blooms occurred. In
fact, higher concentration of nodularin in Lake Hazar
was noticable compared to that of microcystin
detected in Keban Dam Lake. Different water
properties of the two lakes may be taken as one of the
reasons for this. It is a well-known fact that dam lakes
have different water properties and dynamics than
those of highly alkaline and less dynamic lakes like
Lake Hazar. Different trophic status of these lakes
should also be taken into consideration to explain the
difference related to toxin production.

Albay et al. (1998) studied M. aeruginosa bloom
occurred in Sapanca (meso-oligotrophic) and
Taskisla Lake (eutrophic). They reported that
microcystin-RR  was dominant cyanobacterial
microcystin in Lake Sapanca whilst microcystin-LR
was determined at higher concentration than other
variant of microcystin in Tagkigla Lake. All three
variants of microcystin were also determined in
Keban Dam Lake during Microcystis aeruginosa
bloom and amount of microcystin-RR and
microcystin-LR were also higher than that of
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microcystin-YR. Albay et al. (2005) reported that
highest microcystin production occurred when ratio
of TN/TP was over 7. High concentration of nitrate
in Keban Dam Lake also appeared to support the
cyanotoxin production.

Blooms in Keban Dam Lake and Lake Hazar
usually commenced to occur in the littoral regions.
Nutrient concentrations in littoral regions are always
higher than those in open water parts of the lakes.
This may be one of the the main reason for blooms to
occur in the littoral regions. In addition, wind and
water movements push the filaments and colonies of
the blue-green algae to accumulate in a much smaller
volume of water to form dense populations.
Naturally, this may give rise to an increase in number
of individuals/colonies in the littoral.

Fortunately, fish mortalities were not observed
during the blooms of both M. aeruginosa and N.
spumigena. This is most probably due to the low
concentrations of the cyanotoxins in these lakes. Both

Conclusions

Abundance of cyanobacteria is usually closely
linked to eutrophication. In fact, it is a significant
observation considering the fact that cultural
eutrophication of surface waters resources has
increased with the world-wide occurrences of
putatively toxic algal blooms. The same threat is also
valid for Keban Dam Lake and to some extent Lake
Hazar. It should always be noted that continous
nutrient loading from catchment area will definitely
give rise to a change in the trophic status of these
lakes in the long term. It is a well-known fact that,
shifting trophic status of the lakes from
oligomesotrophy to eutrophy with increasing
nutrients will be inevitable in future. At that stage,
unfortunately it may be possible to witness more
frequent and more intensive toxic blooms of
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compartmental density-dependent model for macro-parasite infestations. The
results indicated that parasites originated in wild fish populations, after infecting
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passive manipulation, such as pathogen specific transmission rate (f), pathogen
specific transmission rate between infected farmed and susceptible wild fish (&),
the rate of production of infective stages by an adult parasite (1) and transmission
rate between host and parasite infective stages () are more sensitive compared to
model parameters which encompass chemical control and fallowing. This
emphasizes the importance of the preventive medicine rather than intervention
procedures in aquaculture aiming at eradicating epizootics caused by parasites and
protecting wild fish stocks.

* CORRESPONDING AUTHOR
ashat.chilli@gmail.com
Phone : +90 (232) 388 00 10

Keywords: Aquaculture, parasites, epidemiology, modelling, wild fish

Kiiltiir Baliklarindan Kaynaklanan Parazitlerin Nasil Yabani Balik Azalmalarim Etkileyebilecegini

Epidemiyolojik Modelleme Kullanarak Anlasilmasi

Oz: : Cesitli uygulama alanlarmin yani sira, bu galismada epidemiyolojik modelleme kiiltiir baliklarindan kaynaklanan parazitlerinin
nasil yabani balik azalmalarina yol agabileceginin anlagilmasi igin kullanilmigtir. Kiiltiir ve yabani baliklar arasindaki mikro-parazitlerin
ve makro-parazitlerin yayilimina yonelik iki ayri stratejik model gelistirilmistir: mikroparaziter enfeksiyonlar igin SIR (Saglam-Enfektif-
Gegiren) modeli ve makro-paraziter enfestasyonlar i¢in boliimlii ve yogunluga bagli model. Sonuglar, basta yabani balik
popiilasyonlarinda gogalan parazitlerin kiiltiir baliklarini enfekte ettikten sonra belirli yetistiricilik sartlari altinda epizootiklere neden
olabileceklerini isaret ettiler. Akabinde, bu parazitler kiiltiir baliklarindan yabani baliklara yayilabilirler ve yabani balik
popiilasyonlarinin dinamikleri iizerinde olumsuz etkiye sahip olabilirler. iki modeldeki temel model degiskenlerinin duyarlilik analizleri,
abiyotik etmenler tarafindan etkilenen ve edilgen ydnetime izin veren degiskenler, 6rnegin mikroparaziter modelde patojene 6zgii
yayilim hiz1 (B) ve enfektif kiiltiir baliklar ile saglam yabani baliklar arasindaki patojene 6zgii yayihim hiz1 (§) ve makroparaziter
modelde erigkin parazitlerin enfektif evre tiretim hiz1 (1) ile parazitin enfektif evreleri ile konakgisi arasindaki yayilim hizi (B), kimyasal
kontrol ve iiretim alaninin bos birakilmasini igeren model parametreleri ile kiyasla daha duyarli olduklarmi gostermistir. Bu,
parazitlerden kaynaklanan epizootiklerin yok edilmesinde ve yabani balik soyunun korunmasini amaglayan su iiriinlerindeki miidahale
yontemlerinden ¢ok koruyucu hekimligin 6nemini vurgulamaktadir.

Anahtar kelimeler: Su triinleri yetistiriciligi, parazitler, epidemiyoloji, modelleme, yabani baliklar
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Introduction 57
58

There has been a steady growing trend in theso
world fish production in the last few decades,60
paralleled with world population growth ande1
respectively fish consumption. According to FAO,62
total world fisheries production in 2020 was63
estimated as 177.8 million tonnes, from whichea
aquaculture accounted for 87.5 million tonnes (FAOs5
2022). Whereas capture fisheries shows a relativelyss
steady state, aquaculture production is the trues?
contributor of growth in world fish production with ass
continuous growing pace of roughly 3.3% annuallys
(FAO 2022). This expansion of the world aquaculture7o
production can be truly regarded as a “Blueri
Revolution”. However, the revolution can be72
regarded as a reality only if aquaculture growth is73
sustainable and does not negatively impact andr4
endanger wild fish populations. In this respect, not7s
only demand for fish oil and fishmeal of aquaculture7s
industry must be considered, but also interchangeable?7
status of disease between wild fisheries and farmed7s
fish. 79
Disease in aquaculture limits the expansion of theso
sector with different pathogens constraining itss1
growth (Murray and Peeler 2005). Previouslys2
existing disease in wild populations can bes3s
exacerbated in artificially reared fish due to highs4
population densities and other stresses (Reno 1998;85
Murray and Peeler 2005). The problem can also bess
formulated as a double-edged sword wheres?
pathogens transmission from wild to farmed and vicess
versa takes place. Such transmission of pathogenss9
between wild and farmed fish populations named9o
spill-over and spillback can be true cause ofo1
emergence of infectious diseases (Krkosek 2010;92
Reno 1998). Moreover, disease agents which exist ing3
wild populations, if no control measures are taken,94
might be magnified in farmed populations and itselfos
become a source of pathogens for wild populations,96
with negligible to significant impact (Miossec et al.97
2005; Murray 2009). 98
A substantial amount of the epizootics, whiche9
occur in wild and farmed fish populations withoo
sometimes devastating impact, are parasitic in theiro1
nature. Parasitic disease outbreaks account for mucho2
of the economic losses in aquaculture and they mighto3
also be a cause for wild fish decline elsewherelos
Understanding their establishment mechanisms isos
essential prerequisite for eradicating them (Guo andos
Woo 2009; Toksen and Cilli 2010; Costello 2009107
Munday et al. 2001; Morris 2011). 108
Vital tools for understanding the establishmentos
mechanisms of parasitic disease in wild and farmedzo
fishes are risk analysis and epidemiology. Analysingi1
and identifying the risk factors associated withi2
parasitic diseases and conducting epidemiologicad13

surveys is the way for prevention of mortality (Soares
et al. 2013). Furthermore, focusing on risk analysis,
biosecurity and supportive epidemiological studies
can improve understanding of the causes of parasitic
disease and leads to better management of these
diseases in aquaculture and wild fish populations,
subsequently informing decision making authorities
and policy makers (Rodgers and Peeler 2012).
Because aquaculture health issues are mostly based
on population medicine, epidemiological methods
are used when tackling parasitic diseases in farmed
and wild fish (Georgiadis et al.2001; Beaglehole et
al. 1993) and effectively implemented in order to
passively reduce the risk of parasitic disease
occurrence (Murray ~ 2013). Nevertheless,
epidemiology is one of the most important tools for
identifying risk factors that increase the probability
of parasitic disease occurrence and for optimizing the
cost efficacy of any intervention or control strategy
(Turnbull et al. 2011).

One of the crucial subject areas of veterinary
epidemiology is theoretical disease modelling. These
models offer solutions to aquatic animal health
problems, estimate the impact of the parasitic disease
on population level and can be appropriate where
there is lack of experimental data (Peeler and Taylor
2011; Murray et al. 2011). However, epidemiological
modelling has its constraints as well. Models, which
are based on mathematical simulations, vary in their
ability to reflect the real world where the onset of
disease is a multiplicative process rather than
additive process (Reno 1998). For example
epidemiology of sea lice Lepeophtheirus salmonis
(Krogyer 1838) has been regarded as multifactorial in
origin with many abiotic and biotic factors
interacting in a rather complex way (Revie et al.
2005). In contrast, many epidemiological models
assume that any change observed in the output is
solely due to the single variable change in the basic
input variables and does not take into account the
correlation between them (Anonymous 2015). Even
the most complex models for many diseases are
oversimplified, where many ‘“guesstimated” basic
disease parameters make in long run gquantitative
disease predictions impossible (Roberts and
Heesterbeek 1993). Despite these limitations models
can be used efficiently because they point important
underlying relationships and hypothesises such as
basic reproduction ratio (R,), simulate thought
experiments where practical experiments are
impossible, highlight the importance of parameters
with critical influence on onset of the diseases and
eventually they are beneficial for building control
strategies. For example, the evidences for farm and
wild parasite sea lice exchanges are indirect because
infective stages cannot be traced physically but
modelling can help predict that exchange (Todd
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2007). Besides, against many parasitic diseases theres7
are no effective drugs (Guo and Woo 2009; Mundayss
et al. 2001) and prevention is the best choice, whichsg
makes epidemiological modelling inevitable. 60

In this study, strategic epidemiological modelss1
were constructed to reflect spreading of more easilys2
establishing micro and macroparasites, with directe3
life cycles, between farmed and wild fishes
populations. This study was completely theoreticales
one and was based on hypothetical parameter values.e6
The latter were subsequently evaluated throughe?
sensitivity analyses in order to reveal importantss
parameters underlying the basic transmissionso
mechanisms of parasitic diseases between wild and7o
farmed fish populations. This allowed different71
scenarios to be derived, which might lead to72
management policy changes. 73

The present study is not concerned with revealingz4
the true cause and effect relationship responsible for7s
the decline of wild fish populations in European seas, 76
nor is it concerned with parameterising the specific77
parasitic diseases, which are very complex tasks on7s
their own. The aim of the study is simply to build7e
strategic models in order to understand the basicso
underlying facts in transmission of parasitic diseasess1
between wild and farmed fish and whether there iss2
any possibility of negative impact on wild fishs3

populations from fish farming activities. 84
85
Materials and Methods 86

The models in the present study were based ons7
the basic principles and differential equationsss
developed in the epidemiological models bys9
Anderson and May (1979a, 1979b). Because bothoo
micro and macroparasites have much shorter lifeo1
span than their respective fish hosts and the durationg2
of the epizootic is relatively shorter compared to thess
life duration the of the fish, the natural birth rate and94
death rate of the wild and farmed fish were neglectedss
and omitted from the models in this study.ss
Respectively, the original differential equations by97
Anderson and May (1979a, 1979b) were changed andos
simplified (Krkosek 2010). 99

In addition, it was also preliminary assumed thatoo
wild and farmed populations were closedo1
populations, contacts between individuals wereo2
random (Anderson and May 1979a), the density ofos
fish was fairly constant in time with negligibleos
addition of new susceptible individuals to bothos
farmed and wild fish populations and eventuallyos
farmed fish not being harvested at time of epizooticso?
(Roberts and Heesterbeek 1993). 108

In both models, densities of farmed hosts wereo9
adopted as five times greater than their wildio
counterparts (Heuch et al. 2005). This hadi1
implications on the calculations of the basici2
reproduction ratio (R,) of both models. Only13

densities of farmed fish populations were considered
because it was assumed that farmed fish are the real
focal point for epidemics.

Another basic assumption was that the physical
milieu where epizootics took place was semi - closed
sea bay, fjord or loch where transmission of
pathogens is enhanced (Amundrud and Murray 2009;
Penston et al. 2008; McKenzie et al. 2004). The
contact structure of the pathogens was considered to
be via water column with the aid of the flowing sea
water currents (Krkosek et al. 2005; Salama and
Murray 2013), escaped fish (Green et al. 2012;
Costello 2006) and presence of feeding wild fish
around the sea cages (Esat Cilli's personal
observation).

Estimation of the basic model parameters such as
pathogen specific transmission rate, infection
removal rate, the rate of production of infective
stages of the macroparasites and the mortality rate of
the macroparasite infective and adult stages was
another sensitive issue due their multifactorial nature.
For example, the disease transmission coefficient
(=pathogen specific transmission rate) is one of the
most difficult parameters to be estimated in any
epidemiological model (McCallum et al. 2001).
Attempts to calculate it have been concentrated on
preliminary knowledge on host-disease behaviour,
controlled experiments and deduction of the
parameter by observation of real epidemics
(McCallum et al. 2001). Reno (1998) proposed that
the factors affecting transmission coefficient of a
particular disease (=pathogen specific transmission
rate) are host resistance factors such as species, age,
natural immunity, induced immunity; pathogens
factors such as ability to infect species, dose, vertical
transmission and finally environmental factors such
as population density, temperature, water flow and
water chemistry.

In the models presented below, attempts were
made where possible to deduce the disease model
parameters from existing experimental data
(Amundrud and Murray 2009; Munday et al. 2001;
Morrison et al. 2004; Wagner et al. 2008; Costello
2006). However, due to the difficulties of parameter
estimation mentioned above and relative lack of real
epidemiological data about transmission of parasites
between farmed and wild fish population, most
model parameters were completely arbitrary in order
to prevent numerical instability of the models. In
each model arbitrary time steps were used, such that
they do not denote for particular time period as hour,
day or month.

The first epidemiological model attempted to
explain the transmission behaviour and onset of
epidemics between wild and farmed fish caused by
protozoan parasites with direct life cycles such as the
causative agent of amoebic gill disease
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Neoparamoeba spp., microsporidian parasite such asis
Loma spp. and metazoan parasites with direct lifeis
cycle such as Gyrodactylus spp. 17
The second epidemiological model had the main
aim to elucidate the epidemiology of macroparasitesis
with direct life cycle such as the copepod parasites L.19
salmonis (Krayer, 1838) and Caligus elongatus20
(Nordmann, 1832). According to Murray (2009), the21
first model in this study can be regarded as a direct22
density-dependent transmission model, respectively23
the second model as a constant open recruitment24
model. However, due to lack of enough mathematical2s
information in the study of Murray (2009), forzs
construction of the model for macroparasites27

differential ~ equations  developed in  the
epidemiological models by Anderson and May
(1979a, 1979b) were used.

Microparasite Model

A compartmental density-dependent  SIR
(Susceptible-Infective-Removed) model consisting
of series of differential equations was developed to
investigate the epidemiology of microparasitic
infections between farmed and wild fish. The overall
schematic representation of the model is provided in
Figure 1 and the description of all model parameters
along with their dimensional analysis are summarised
in Table 1.

S psi 7 or R
(Susceptible ‘ (Infected (Removed
farmed fish) farmed fish) farmed fish)

46'1} %
X XY Y yY 4
(Susceptible (Infected I (Removed
wild fish) wild fish) wild fish)

Figure 1. A schematic representation of the compartmental density-dependent SIR (Susceptible-Infective-Removed) model of
microparasitic infections between farmed and wild fish (all model parameters are described in Table 1)

Table 1. Description of the model parameters and variables used in the compartmental density-dependent SIR (Susceptible-
Infective-Removed) model of microparasitic infection between farmed and wild fish

Parameter Description Dimension
symbol
S Susceptible farmed fish density [M]
I Infected farmed fish density [M]
R Removed farmed fish density [M]
X Susceptible wild fish density [M]
Y Infected wild fish density [M]
Z Removed wild fish density [M]
B Pathogen specific transmission rate [MTYTT?
y Infection removal rate of wild fish [Tt
0 Infection removal rate of farmed fish [Tt
6 Pathogen specific transmission rate between infected farmed (I) and [MT[T]*
susceptible wild (X) fish
o Pathogen specific transmission rate between infected wild (Y) and susceptible [MTY[T]?
farmed (S) fish
For parameter dimensions, T represents time and M represents host density.
Susceptible, infective and removedss lasting immunity to reinfection, in the present model

compartments of both farmed and wild fish weres?
represented as host densities. In contrast to the viralss
and bacterial diseases, where hosts acquire long-59

it was assumed that there was no recovery from the
disease. In parasitic diseases fish do not build
significant immune response which can confer them
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with immune resistance to microparasites (Guo ands4
Wo0 2009). The basic model parameters described in3s
Table 1 were used to formulate the followingss
differential equations reflecting the dynamics of thes7

epizootic: 38
ds 39
— = —f(SI — aSY @) 40
dt 41
42
43

dl _ B (2)

Fri BSI + aSY — 01

dR (3) 44

— =0I

dt 45
46
47

dx (4)

— = —BXY — 6XI 48

dt g 49
50
51

ay

— = BXY + 6XI —yY () 52
54

dz 55

@ =yY (6) 56

t 57

58

Subsequently, the differential equations above on>?
which the model was based were used for the writing®®
the model code. The Microparasite model as it was®!
schematically outlined in Figure 1 represented two®2
distinct fish populations, wild and farmed denoted in63
the model as S (susceptible farmed fish density) and®
X (susceptible wild fish density). Infection started in®
farmed fish with gradual accumulation of infected®®
farmed fish (I) depending on the pathogen specific®’
transmission rate (B) between S andI. Infection®®
spread to wild fish proportionally to the contact rate®®
between infected farmed fish (I) and susceptible wild’®
fish (X) which in the model was shown as &."*
Epizootics in wild and farmed fish populations’?
proceeded by cross infections between both’
populations (¢SY and 6XI) and inside the™
populations (8SI and BXY). Finally, infected fish in’>
the model, both wild and farmed, were removed’®
depending on infection removal rates 8 and y. 7

The fundamental concept of basic reproductionzs
ratio (R,) (Anderson and May 1979a; Reno 1998)79
was adopted to measure the number of the secondaryso
infections caused by single infected hosts in thesi
course of the epizootics. Basically, when R, < 1 ans2
epizootic cannot be established, if R, > 1 epizootics3
will take place. Subsequently this concept proveds4
valuable in calculating the maximum stockingss

density of farmed fish under which epizootic cannot
be established. As it was stated above, only densities
of farmed fish were considered, assuming that real
focal point for epidemics were farmed fish
populations. For measure of the basic reproduction
ratio (R,) of microparasites the following equation
adopted from Krkosek (2010) and based on model
parameters described in Figure 1 was used.

(7)

Macroparasite Model

Similar approach as in the compartmental model
for microparasites was followed in construction of
the  model  addressing  epidemiology  of
macroparasites with direct life cycle between wild
and farmed fish. However, due to the biology of
macroparasites and dynamics of the metazoan
parasitic epidemics, dividing populations simply to
susceptible, infected and removed was not applied
(Anderson and May 1979b). Instead division was
made upon the existence of five basic populations,
respectively two host populations (wild and farmed
fish), two adult parasites populations (adult parasites
on wild and farmed fish) and one population of
infective stages, which was bring into life from the
reproductive contribution of the adult parasites
infesting both wild and farmed fish. The evidence for
only one compartment of infective stages came from
the study of Todd (2007), where was claimed that
there was actually only one panmictic population of
sea lice in North Atlantic. Thus, during the
construction of the model it was logical to assume
that there is only one compartment for the infective
stages. Another assumption specific for the model
addressing macroparasitic epidemiology was that the
distribution of macroparasites followed Poisson form
rather than negative binomial, macroparasites evenly
or randomly distributed rather than clumped on their
hosts (k—o, parameter k approaching infinity)
(Anderson and May 1979b; Krkosek 2010). The
overall schematic representation of the model is
provided in Figure 2 and the description of all model
parameters along with their dimensional analysis are
summarised in Table 2.

All compartments in the model were represented
as densities. Again as in the SIR model, it was
assumed that there was no recovery from the disease
as in metazoan parasitic diseases fish do not build
significant immune response to confer them with
immune resistance to macroparasites (Guo and Woo
2009). The basic model parameters described in
Table 2 were used to formulate the following
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infe(ctive sta -
ges)

(Farmed fish)

« /
E——) (Adult parasites

Y

on farmed fish)

Figure 2. A schematic representation of the compartmental model of macroparasitic infestation between farmed and wild fish (all
model parameters are described in Table 2)

Table 2. Description of the model parameters and variables used in the compartmental model of macroparasitic infestation between

farmed and wild fish

Parameter Description Dimension
symbol
N Wild fish density [M]
X Farmed fish density [M]
P Density of adult parasites on wild fish [M]
Y Density of adult parasites on farmed fish [M]
w Density of infective stages [(M]
a Parasite-induced host death rate [M]
B Transmission rate between host and parasite infective stages [MIYT]?
u Mortality rate of adult parasites on wild fish [T]?
0 Mortality rate of adult parasites on farmed fish [T]?
c Mortality rate of infective stages [M]A[T]?
A The rate of production of infective stages by an adult parasite [M][T]?
For parameter dimensions, T represents time and M represents host density
8 differential equations reflecting the dynamics of the dY aY? (11)
epizootic: - AW -0+ o)y ———
dN (8)
PR dw (12)
E=/1P+/1Y—CW—,8WN—[?WX
ax (9 u The differential equations above on which the
dr —a¥ 12 model was based were subsequently used for writing

13 the model code.

14 Macroparasite model, as it was schematically
dP aP? (10) 15 outlined in Figure 2 represented two distinct fish
P BWN — (p + a)P — T 16 populations, wild and farmed denoted in the model as

17 N (wild fish density) and X (farmed fish density).

18 Infestations, depending on the transmission rate (8)

19 started simultaneously both in farmed and wild fish
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by contacts (SWN and BWX) with free swimmingss
infective stages of the parasite (W) , which orlglnated
from adult parasites on wild fish (P). After successful
infestations, infective stages of the macroparasites®®
attached on wild and farmed fish produced adultsé
parasite stages P and Y. Further production ofs;
infective stages (W) by adult parasites continued
depending on parameter A (the rate of production of58
infective stages by an adult parasite). Gradual
accumulation of more infective stages (W)
contributed for establishment of epizootics both on
farmed and wild fish. Mortality of fish was dependent
on parameter a, which in the model was denoted as™
parasite induced host death rate. Finally, adult
parasites on farmed and wild fish were removed at64
mortality rates u and 6.

As in the first model about mlcroparasmc67
epizootics, the important concept of basm68
reproduction ratio (R,) (Anderson and May 1979a;
Reno 1998) was used to measure the number of the7
secondary infestations caused by a single
macroparasite in the course of the epizootic. Agaln71
this concept proved valuable in calculating the’
maximum stocking density of farmed fish under I
which epizootic cannot be established. As it was’*
stated above, only densities of farmed fish were
considered, assuming that real focal point for
epidemics were farmed fish populations. For measure
of the basic reproduction ratio (R,) of macroparasﬂes
the following equation adopted from Krkosek (2010)
and based on model parameters described in Figure 281

was used:
82

Ro = (9+a) (szx) (13) zi

85

Sensitivity Analysis 86
For the purpose of evaluating the relatives?
importance of the model parameters in thess
dynamics of the modelled epizootics, the methods?
of sensitivity analysis developed by Bode (1945)%°
was applied. A one-at-a-time approach was>*
followed where one basic input model parameter92
was changed by 1% keeping other on thelr94
default values in order to see what kind of effect,,
it can produce in the model output. The outputy
parameter in the first model addressingy;
microparasitic epizootics was the maximumog
density of infected wild fish. The output in thegs
second model, reflecting the macroparasiticoo
epizootics, was the final density of wild fish. Foroz
measurement of the relative sensitivity of thdo2

model parameters following equation was used:103
104

105
106

x; 6P

P 6x; (14)

P _
Sk =

54 evaluated parameter

Where, SP was the relative sensitivity of the
was the absolute change in

the output in response to a 1% change in the
parameter value and % the ratio between initial output
value to initial parameter value.

Writing the Model Codes and Analyses

Codes of the both models were coded in R (A
Programming Environment for Data Analysis and
Graphics Version 3.2.0 — The R Core Team 2015).
Analyses were carried out both in R and Excel
(Microsoft Excel, 2010).

Results

Microparasite Model

The simulation of the model started with initial
model parameters with following values: g = 0.4,
y=0.18, 6=0.18, §=0.02 and o =0.01,

9 densities of farmed S = 10.0 and wild fish X = 2.0
o and with successful introduction of the microparasite

in farmed fish with non-zero value of I = 0.001. The
epizootic time series for the density-dependent SIR
model are shown in Figure 3 where the epizootic
follows typical SIR epidemic pattern. Initially, there

75 was a sharp decrease of susceptible farmed fish
76 density (S) as more effective contacts were made and

7 sharp increase in infected farmed fish density (I),
with gradual increase of removed farmed fish (R).
Almost paralleled in time, with epizootics in farmed

so fish started the epizootic in wild fish, where

microparasites from infected farmed fish were
transmitted to wild susceptible fish depending on
pathogen specific transmission rate §. With
increasing the infection level in wild fish the opposite
trend also proceeded. In other words transmission of
the pathogens, depending on pathogen specific
transmission rate o, took place between wild infected
and farmed susceptible fish. Finally, the epizootics
died off at which the lines in the graph were levelled
off.

Sensitivity analysis of the model at default values
of the basic parameters was performed (Figure 4).
The analyses showed that the most sensitive
parameter affecting the density of wild infected fish
(denoted in the model as Y) was y (infection removal
rate of wild fish), followed by g (pathogen specific
transmission rate), & (pathogen specific transmission
rate between infected farmed () and susceptible wild
(X) fish) and @ (infection removal rate of farmed
fish). Parameter o (pathogen specific transmission
rate between infected wild (Y) and susceptible
farmed (S) fish) did not have significant effect on the
model outputs. The only parameter in the model
which allows direct human intervention such as
fallowing, chemotherapeutic applications and
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29

vaccination, with aim to eradicate the epizootic, 8
respectively parameter 6, did not prove to be the most 9
sensitive parameter of the model. In order to evaluate1o
further the importance of this parameter, the modeli1
was simulated under three different scenariosi2
(=different epizootic conditions): A) scenario 1:13
keeping the initial values of all parameters except £3,14

where § was reduced to 0.2 pointing less acute
epizootic and less force of infection; B) scenario 2
where the initial values of all parameters were kept
except 9, respectively 8 = 1.2; C) scenario 3 where
again the initial values of all parameters were kept
except 8 and B, respectively 6 = 1.2 and g = 0.2
(Figure 4).

y—-
y—r

_____

TN A — — e —

0O 2 4 6 8 10

o) 5

10 15 20

Figure 3. The epizootic time series for the Microparasite model. Line 1 - susceptible farmed fish density (S), line 2 - infected farmed
fish density (1), line 3 - removed farmed fish density (R), line 4 - susceptible wild fish density (X), line 5 - infected wild fish

density (Y), line 6 - removed wild fish density (Z)
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Figure 4. Sensitivity analysis results for the Microparasite model. The panels are: A) model simulated with the initial parameter values;
B) scenario 1 - the initial values of all parameters kept except 8, where g reduced to 0.2; C) scenario 2 where the initial values of all
parameters kept except 8, respectively 8 = 1.2; D) scenario 3 where again the initial values of all parameters kept except 6 and 3,

respectively 6 = 1.2 and g = 0.2
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In scenario 2 and 3, 8 (Infection removal rate of1o
farmed fish) was increased near 6 times (6 = 1.2)11
indicating more intense intervention procedures in12
order to eradicate the disease from farmed fish andi3
shorter duration of the disease. 14

Sensitivity analysis for each scenario was carriedis
out as shown in Figure 4. There was no change in theie
ranking of the sensitivity of each parameter ini7
scenario 1. However, paralleled with increase in itsis

value, the relative importance of 8 (infection removal
rate of farmed fish) increased in scenarios 2 and 3.
Therefore, infection removal rate of farmed fish
became the third most sensitive parameter.

Nevertheless, 6 still proved to have relative
impact on reducing the density of wild infective fish
as shown in Figure 5, where the model was simulated
with different 6 values representing more effective
removal rate of infective farmed fish.

L0
—

1.0

0.5

o T T

Figure 5. Simulation of the Microparasite model under different values of 8, while keeping other parameters in their default values.
Line 1: § = 0.18; line 2: 6 = 0.54; line 3: 6 = 1.26; line 4: 6 = 2.52. Each line represents the time series of wild infected fish

densities.

From the practical viewpoint, it was important tose
know the maximum density of farmedaso
fish under which epizootic cannot be established.a1
Therefore, in order to calculate the maximum densitys2
of stocked (S) fish under each scenario, the basicss
reproduction ratio (R,) was set to 1 (the thresholdas
value of R, for establishment of infection)ss

depending on the values of S, § and 6. The results are
shown in Table 3. Although 6 was not the most
sensitive parameter of the model it was
important in calculating the maximum density of
stocked fish represented as density of susceptible
farmed fish density (S) under different model
scenarios.

Table 3. For each scenario in the Microparasitic model, the maximum stocking density of fish represented as density of susceptible

farmed fish (S) when the basic reproduction ratio (R,) issetto 1

Scenario S 0 R,
Initial 0.45 0.40 0.18 1.00
1 0.90 0.20 0.18 1.00

2 3.00 0.40 1.20 1.00

3 6.00 0.20 1.20 1.00

Macroparasite Model 53
The simulation of the model started with initials4
model parameters with following values: ¢ = 0.002,55

B =04,1u=0.01,6=0.01,c=0.05and 1 = 0.3,
densities of farmed X = 10.0 and wild fish N = 2.0
and with preliminary established population of the
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macroparasites in wild fish with non-zero value forio
P = 0.2 and W = 0.5. The epizootic time series fori1
the compartmental model of macroparasitici2
infestation between farmed and wild fishes are shown13
in Figure 6. Macroparasites both on wild and farmed14
fish showed exponential growth, more profound inis
macroparasites on farmed fish. The latter alsoie
implied that infective stages mostly originated fromz17
farmed fish rather than from wild, which can also be1s

deduced from the very similar slopes of the lines 3
and 5 rather than slopes of lines 4 and 5 (Figure 6).
In contrast to the Microparasite model, the epizootics
of macroparasites did not die off and the lines in the
graph were not levelled off. When the number of the
time steps in the simulation of the model was
increased, the densities of both wild and farmed fish
reached zero value. Therefore, host fish populations
were driven by the parasites to extinction.
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Figure 6. The epizootic time series for the Macroparasite model. Line 1 - Farmed fish density (X), line 2 - Wild fish density (N), line
3 - Density of adult parasites on farmed fish (Y), line 4 - Density of adult parasites on wild fish (P), line 5 - Density of infective

stages (W)

Next step was performing the sensitivity analysise2
of the model with default values of the basices
parameters (Figure 7). Analyses showed that the mostea
sensitive parameter affecting the wild fish densityss
was A (the rate of production of infective stages by anee
adult parasite), followed by a (parasite-induced hoste?
death rate), S (transmission rate between host andss
parasite infective stages), 8 (mortality rate of adultes
parasites on farmed fish), u (mortality rate of adultzo
parasites on wild fish) and ¢ (mortality rate of71
infective stages). Parameter o, which can be72
influenced by management procedure such as73
vaccination, turned out to be the second sensitivers
model parameter in rank. However, the parameter 675
in the model which with aim to eradicate the7s
epizootic allows, as well as parameter «, directrz
human intervention such as fallowing, cleaning fishzs
(wrasse) and chemotherapeutic applications did notze
prove to be the most sensitive parameter of theso
model. In order to evaluate further the importance ofs;

the parameter 8, the model was simulated under three
different scenarios (=different epizootic conditions):
A) scenario 1 - the initial values of all parameters
were kept except a, where a was reduced to 0.001 B)
scenario 2 where the initial values of all parameters
were kept except 8, respectively 8 = 0.1 C) scenario
3 where again the initial values of all parameters were
kept except 6 and «a, respectively 6 = 0.1 and a =
0.001. (Figure 7).

In scenario 2 and 3, 6 (mortality rate of adult
parasites on farmed fish) was increased 10 times (6 =
0.1) indicating more intense intervention procedures
in order to eradicate the parasites from farmed fish.

There was no change in the ranking of the
sensitivity of each parameter in scenario 1. However,
in line with increase in its value, the relative
sensitivity of 6 (mortality rate of adult parasites on
farmed fish), respectively its importance, increased in
scenarios 2 and 3 and 6 became the third most
sensitive parameter.
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Figure 7. Sensitivity analysis results for the Macroparasite model. The panels are: A) model simulated with the initial parameter
values; B) scenario 1 - the initial values of all parameters kept except a, where a reduced to 0.001 C) scenario 2 where the initial values
of all parameters kept except 6, respectively 8 = 0.1 D) scenario 3 where again the initial values of all parameters kept except 6 and
a, respectively 8 = 0.1 and @ = 0.001
8 Furthermore, 8 proved to have protective11 different 8 values representing more effective
9 effect on the density of wild fish, which is showni2 removal rate of parasites on farmed fish (denoted
10 in Figure 8, where the model was simulated with1s with Y in the model).
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Figure 8. Simulation of the Macroparasite model under different values of 8, while keeping other parameters in their default values.
Line 1: 6 = 0.01; line 2: & = 0.05; line 3: & = 0.1; line 4: & = 0.2. Each line represents the time series of the wild fish densities
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In spite of 6 not being the most sensitive 6
parameter of the model, 6 was important for 7

¢ and @, the basic reproduction ratio (R,) was
set to 1 (the threshold value of R, for establishment

calculation of the maximum density of stocked fish 8 of infection) in order to calculate the maximum
(X) under different model scenarios. For each 9 density of stocked fish (X). The results are shown in
scenario, depending on the values of X, a, 8, 4,20 Table 4.

Table 4. For each scenario in the Macroparasitic model, the maximum stocking density of fish represented as density of farmed

fish (X) when the basic reproduction ratio (R,) issetto 1

Scenario X A 6 a B c R,
Initial 0.005 0.300 0.010 0.002 0.400 0.050 1.000
1 0.005 0.300 0.010 0.001 0.400 0.050 1.000
2 0.064 0.300 0.100 0.002 0.400 0.050 1.000
3 0.063 0.300 0.100 0.001 0.400 0.050 1.000
Discussion farmed fish. In reality, wild fish populations can have

The result of the present study indicate that
parasitic pathogens first originated in wild fish
populations after infecting and infesting farmed fish,
subsequently causing epizootics under certain
farming conditions in cultured fish, might have
negative impact on wild fish populations. Similar
views were expressed by Krkosek et al. (2005),
Costello (2009) and Heuch et al. (2005) dealing with
sea lice infestations on wild fish. Krkosek et al.
(2005) suggested that fish farms were responsible for
increasing sea lice infection pressure four times of
magnitude than ambient levels and salmonid declines
in Europe and North America may be attributed to
salmon fish farming industry (Costello 2006, 2009).
Heuch et al. (2005) claimed that there is a causal
relation between salmon farming and sea lice
epizootics on Norwegian South West coast due to
high fish farming activity and low stocks of wild
salmonids to generate these epizootics, but it was
uncertain whether these epizootics effectively
regulated the population size of Arctic char and sea
trout.

Although in the present study, through computer
models, testable hypothesis was generated, the results
obtained in silico does not necessarily implied
causation in reality (Turnbull et al. 2011). Indeed,
this is in accord with findings of Green et al. (2012)
who pointed out that paralleled to growing fish
farming industry on the west coast of Scotland there
was also decline in wild fisheries on the East coast,
where fish farming is absent and answer might be
simply lack of fishing effort instead of fish farming.
Alleviating confounding factors in studying disease
and observations supported by experimental data
sufficiently repeated over time are needed to indicate
that such correlation is based on cause and effect
relationship (Costello 2009).

The present study models assumed homogenous
dispersion of the wild fish populations similar to

very patchy and chaotic distribution reducing contact
rate, respectively protecting proportion of the wild
fish populations from spreading of the diseases (Reno
1998; Green 2010). Thus, the results of the present
models represented the worst-case scenarios, where
wild fish populations were homogenously dispersed
with enhanced disease transmission.

Another aspect of the present study was if under
the developed models the hosts might be driven to
extinction. According to Murray (2009), direct
density-dependent transmission between hosts, as in
the Microparasite model, cannot drive hosts to
extinction, whereas macroparastic epizootics as in
the Model 11 can. The results obtained indicated that
after certain time microparasitic epizootics did not
reach the state of equilibrium with their hosts and
exterminated the host populations. Similarly,
macroparasitic epizootics modelled in model II, did
not reach the state of equilibrium and macroparasites
continued their growth exponentially until reducing
their host population density to zero. The latter was
also consistent with the results obtained by Todd
(2007) where the genetic distinction between wild
and farmed populations was not discovered, dictating
impossibility of eradicating sea lice as a pest from
wild and farmed fish.

In the present models spreading of the
microparasites as well as transmission of the
macroparasite infective stages and their respective
hosts was modelled under density dependency.
Support for the latter and especially for
microparasitic transmission came from the studies of
Morrison et al. (2004) on amoebic gill disease
(AGD), where infection was strictly amoeba density
dependent and AGD function of amoeba cell density.
In contrast, McCallum et al. (2001) proposed that
simple mass action is not the proper model to explain
effectively many terrestrial epizootics and does not
account for the observed prevalence of many



34

Cilli 2024~ LimnoFish 10(1): 22-38

diseases, with frequency dependence more accurately
describing the disease patterns. However, due to the
more contagious nature of the aquatic environment
(Green 2010), assumptions of McCallum et al. (2001)
were rejected while constructing the models and
density dependency transmission finally adopted.
With the correct models in place, it was easier to
evaluate intervention steps and propose control
procedures (Roberts and Heesterbeek 1993).

Results from the simulation of the Microparasite
model indicated that the model parameter which is
the least prone to management intervention,
respectively infection removal rate of wild fish (y)
was the most sensitive parameter. It was evident that
any attempt to apply chemotherapeutic agents for
reduction of number wild infected fish is practically
impossible and financially not feasible. Attempts to
vaccinate wild fish from application viewpoint are
simply futile when planning changes in (y).

However, the second most sensitive parameter in
model I respectively pathogen specific transmission
rate (8) can be to certain degree manipulated. This
parameter is influenced by the environmental factors
such as population density, temperature, water flow
and water chemistry (Reno 1998) so aquaculture can
be geographically placed in areas (i.e. site selection)
where the latter abiotic factors contribute to
minimizing survivability of microparasites by
reduction of basic reproduction ratio ( R,) (Krkosek
2010). Indeed, examples for reduction of B came
from studies of Munday et al. (2001) who found that
infections of salmonids with causative agent of
amoebic gill disease (AGD) Neoparamoeba
pemaguidensis occurred at high temperatures and
high salinities and AGD can be easily managed and
controlled at low temperatures and low salinities.

Equally important should be the measures
applied to reduce the next sensitive parameter in the
Microparasite model, pathogen specific transmission
rate between infected farmed and susceptible wild
fish (6). This can be achieved by reducing the number
of contacts between escaped farmed fish and wild
(Heuch et al. 2005) and situating aquaculture
production sites on places with greater residual
current flow which leads to greater pathogen decay
rate (Salama and Murray 2013 Green 2010).

Next sensitive parameter in the model evaluation,
infection removal rate of farmed fish (8), increased
in importance paralleled to increase in its value and
become the third most important model parameter.
This had the most valuable implications for the model
because the latter parameter encompassed all
practically applicable procedures from aquaculture
intervention viewpoint such as fallowing, application
of chemotherapeutic agents and vaccination. All
these procedures can inevitably affect infection

removal rate of farmed fish () and have protective
impact on wild fish populations.

Beside the influence of aforementioned
parameters susceptible farmed fish density had also
important impact on onset of the parasitic epizootics
via its influence on basic reproduction ratio ( R,).
The lesser the density of susceptible farmed fish the
lower R, was and minimization of the microparasitic
epizootics (Anderson and May 1979a; Roberts and
Heesterbeek 1993; Reno 1998; Krkosek 2010).
Reduction of farmed fish density at which R, was
still equal to 1 or below 1 dropped from 10.0 to 6.00.
At density of 6.00 farmed fish can still be effectively
and feasibly stocked (Table 3).

Macroparasite model results revealed that the
most important, respectively the most sensitive
parameter was the rate of production of infective
stages by an adult parasite (4), significantly
surpassing the importance of all model parameters.
Fortunately, compared to the most sensitive
parameter of the Model | which was unaffected by
human intervention, the rate of production of
infective stages by an adult parasite (1) can be to
certain degree manipulated in order to protect wild
fish. The higher the sea temperature the faster is the
development and production of eggs by gravid
female sea lice, which leads to higher infestation
pressure on farmed and farmed fish stocks (Costello
2006; Guo and Woo 2009; Wagner et al. 2008).
Support for the latter fact came from the modelling
studies of Revie et al. (2005) in which they found that
the second sensitive parameter in their model was the
feedback rate at which gravid female louse produce
viable eggs. Thus, in order to achieve effective
eradication of the macroparasite epizootics, farm
facilities must be located in areas where
environmental factors, in that case temperature,
hinder the development and production of viable
eggs.

The next sensitive parameter in the
Macroparasite model was parasite-induced host
death rate (a), which can be influenced by
management procedure such as vaccination.
However, macroparasitic infestations do not confer
their respective fish hosts with significant immune
response and development of vaccines against
macroparasites seems distant future (Anderson and
May 1979b; Krkosek 2010). Consequently, if
preventive intervention strategy are to be built over
the model parameter (), it should not be based on
vaccination but on supporting the immune system of
the host and reduction of environmentally caused
stress in fish.

Transmission rate between host and parasite
infective stages (f) was the third most sensitive
parameter in the Macroparasite model reflecting
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infestations between free infective stages of the
macroparasites and their hosts. This parameter can be
manipulated by relative physical isolation of captive
fish populations in order to avoid contact with their
wild counterparts (Reno 1998) by selecting farming
areas which avoid spreading of infective stages by
wind-driven circulation (Amundrud and Murray
2009; Salama and Murray 2013; Penston et al. 2008;
Costello 2006). Similarly, stimulating migratory
allopatry and avoiding migratory sympatry, in other
words avoiding contact between migratory juvenile
fish with adult farmed or escaped farmed fish
(Costello 2009).

Special attention is deserved by the parameter 0
(mortality rate of adult parasites on farmed fish) in
the Macroparasite model which comprises the core of
the integrated intervention strategy because this
parameter can be modified by such control
procedures as fallowing, use of cleaner fish (wrasse)
and chemical control (use of parasiticides). Increase
in the numerical value of the parameter led to
increase in the sensitivity and relative importance of
the parameter such as 6 became the third most
sensitive parameter in the second model. As
Werkman et al. (2011) reported, synchronised
fallowing is highly effective tool in disease control
and eradication despite the common long distance
contacts. However, there has been significant amount
of accumulating data that even synchronised
fallowing was not effective in reducing the
abundance of sea lice Caligus elongatus
(Nordmann,1832) on cultured Atlantic salmon in
Scotland (Revie et al. 2002). Even when farms in
Loch Torridon (Scotland) were synchronously
allowed empty for 10 weeks before restocking
greatest densities of sea lice nauplii were recovered
around farms during the production season (Penston
et al. 2008). McKenzie et al. (2004) reported that
despite treatment applications against Caligus
elongatus (Nordmann,1832) in Loch Sunart
(Scotland) there was no significant impact on the
parasitic infestations and there is substantial evidence
that sea lice have been acquiring resistance against
widely used and still effective chemotherapeutic
agents such as Hydrogen peroxide and Emamectin
benzoate (Guo and Woo 2009). Nevertheless, recent
introduction of cleaner fish such as wrasse for
biological control have had very promising results in
reduction of sea lice infestations on salmonid fishes
(Costello 2006). Wrasse can be used very efficiently
against macroparasites such as sea lice.

In contrast to model | where farmed fish density
had important impact on reducing basic reproduction
ratio (R,), in the Macroparasite model farmed fish
density did not contribute significantly in reduction
of R,. Reduction of farmed fish density at which R,
was still equal to 1 or below 1 dropped from 10.0 to

6.00 in the Microparasite model, respectively these
values in model 1l were 10.0 to 0.0634 (Table 4). The
latter explicitly indicates that macroparasitic
epizootics under farming conditions are very difficult
to be eradicated.

Strategic models built in this study implicitly
showed that parasites can be transmitted between
farmed and wild fish populations in both directions
and have potential to negatively impact both of them.

In conclusion, the strategic models presented in
this study demonstrate the importance of
epidemiological modelling in aquaculture disease
management and prevention of epizootics caused by
uncontrolled parasitic infestations in farmed fish,
which can be transmitted to wild stocks with negative
impacts on population dynamics. More refined
biological data based on experimental and field data
is needed for establishment of separate
epidemiological models parameterised for specific
parasitic disease. These disease specific models can
reflect the dynamics of parasitic epizootics better and
lead to better control and more effective
environmental protection. New models, due to the
impact on shortening of generation time of parasites,
should mirror in their basic parameters the rise of
global water temperatures predicted by climate
change scenarios. Increase in the resistance of
parasites against chemotherapeutic agents must also
be a concern for future modelling efforts. This will be
certainly advantageous to both wild fish defenders
and aquaculturists.
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APPENDIX A. Code for the Microparasite
Model

beta <- 0.4

gamma <-0.18

teta <- 0.18

delta <-0.02

sigma<- 0.01

S <-10.000

| <-0.001

R<-0

X <-2.000

Y <-0.000

Z<-0

dt<-0.1

t<-0

max_time <- 20

time_steps <- max_time/dt

results<-c(t,S,I,R,X,Y,Z)

for (i in 1:time_steps) {

t <- t+dt

newl <- beta*S*I*dt+sigma*S*Y*dt

newR <- teta*I*dt

| <- I+newl-newR

S <- S-newl

R <- R+newR

newY <- beta*X*Y*dt+delta*X*1*dt

newZ <- gamma*Y*dt

Y <- Y+newY-newZ

X <- X-newY

Z <-Z+newZ

results<-rbind(results,c(t,S,I,R,X,Y,Z))}

colnames(results)<-
c("t","s", R X, Y ZM

results<-as.data.frame(results)

plot(results$t,results$X, type="1",
ylim=c(0,10))

lines(results$t,results$Y, Ity=2)

lines(results$t,results$Z, Ity=3)

lines(results$t,results$s, Ity=4)

lines(results$t,results$l, lty=5)

lines(results$t,results$R, Ity=6)

text (1,10,"1")

text (4.2,8.2,"2")

text (10,7.4,"3")

text (1,2,"4")

text (6.2,1.1,"5")

text (17,1.9,"6")

APPENDIX B. Code for the Macroparasite
Model

alfa <- 0.002

beta <- 0.4

mu <- 0.01

lambda <- 0.3

si <-0.05

teta <- 0.01

N <-2.000

P <-0.200

X <-10.000

Y <-0

W <- 0.500

dt<-0.1

t<-0

max_time <- 20

time_steps <- max_time/dt

results<-c(t,N,P,X,Y,W)

for (i in 1:time_steps) {

t <- t+dt

newP <-
alfa*P*P/N)*dt

newyY <-
alfa*Y*Y/X)*dt

newW  <- (lambda*P-+lambda*Y -si*W-
beta*W*N-beta*W*X)*dt

P <- P+newP

N <- N-alfa*P

Y <- Y+newY

X <- X-alfa*Y

W <- W+newW

results<-rbind(results,c(t,N,P,X,Y, W)}

colnames(results)<-
c("t","N", P XY W

results<-as.data.frame(results)

plot(results$t,results$N,type="1",
ylim=c(0,20))

lines(results$t,results$P,lty=2)

lines(results$t,results$W,Ity=3)

lines(results$t,results$Y, lty=4)

lines(results$t,results$X,Ity=5)

text (8,10,"1")

text (8,2,"2")

text (12.5,14.8,"3")

text (15,5.2,"4")

text (16,3.5,"5")

(beta*W*N-(mu-+alfa)*P-

(beta*W*X-(teta+alfa)*Y-
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Materials with dimensions between 0.1 and 100 nm are called nanoparticle (NP) RESEARCH ARTICLE
materials. In recent years, the usage areas and quantities of NP materials have

increased in parallel with the development of the industry. The need and usage areas Received  :28.03.2023
of heavy metals such as Cu have also expanded in NP sizes. All these developments )
have led to problems on the ecosystem that are becoming more difficult to Revised :24.01.2024

compensate. In this study, Zebra Mussel (Dreissena polymorpha) was chosen as a
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model to investigate the effect of probiotics on CuNP heavy metal accumulation. P
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50 mg/L) with probiotics and directly for 24 and 96 hours. CuNP accumulation
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compared. The amount of accumulation in the test organism directly exposed to

CuNP was higher compared to the groups administered with probiotics, but a * CORRESPONDING AUTHOR

statistically significant difference (p<0.05) was found only in the treatment group
with the highest 24-hour concentration (50 mg/L). As a result, according to the
findings obtained from the study, it has been determined that probiotics have
positive developmental effects on aquatic organisms, as well as beneficial in the
elimination of their accumulation in the organism.
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Probiyotigin Dreissena polymorpha'da Bakir Nanopartikiil Birikimi Uzerine Etkisi

Oz: Boyutlar1 0,1-100 nm arasinda olan materyaller nanopartikiil (NP) malzemeler olarak adlandirilmaktadir. Son yillarda endiistrinin
gelismesine paralel olarak NP materyallerin kullanim alanlar1 ve miktarlar1 da artmigtir. Cu gibi agir metallerin de NP boyutlarinda
gereksinimi ve kullanim alanlar1 genislemistir. Tim bu gelismeler beraberinde ekosistem {iizerinde telafisi zorlagsan sorunlari
dogurmustur. Yapilan bu ¢aligmada probiyotiklerin CuNP agir metal birikimi {izerine etkisini arastirmak i¢in model canli olarak Zebra
Midye (Dreissena polymorpha) secilmistir. Model organizma probiyotikli ve dogrudan olmak tizere CuNP’in ii¢ farkh
konsantrasyonuna (5, 10, 50 mg/L) 24 ve 96 saat siireyle maruz birakilmistir. Dogrudan ve probiyotik ile muamele edilen D. polymorpha
dokularmdaki CuNP birikim miktarlar1 kiyaslanmistir. CuNP'ye dogrudan maruz birakilan test organizmasindaki birikim miktart
probiyotik uygulanan gruplara kiyasla daha fazla oldugu, ancak yalnizca 24 saatlik en yiiksek konsantrasyon (50 mg/L) olan uygulama
grubunda istatistiksel agidan anlamli (p < 0,05) fark bulunmustur. Sonug olarak galigmadan elde edilen bulgulara gore, probiyotiklerin
sucul canlilar iizerinde olumlu gelisimsel etkilerinin yanisira organizmada birikim miktarlarinin eliminasyonunda faydali oldugu tespit
edilmistir.

Anahtar kelimeler: Dreissena polymorpha, bakir nanopartikiil, probiyotik, biyobirikim
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it has been reported that high Cu levels can be toxiczs
to aquatic organisms as they increase reactive oxygen29
species (ROS) and oxidative stress (Clearwater et al.30
2002). The effects of nano-based products may differa1
due to the nature of nanoparticles (NP), thes2
characteristics of the environment, the way NPs ares3
administered and the immune system of the livingz4
organism, and the production of aquatic organisms inss
different environments (for example, freshwater andse
saltwater or tropical and temperate regions) (Katuli ets7
al., 2017). Considering the widespread use of NPs,3s
attention should be paid to the environment andsg
human health (Cimen et al. 2020). A product that is4o
harmless on a larger scale can create a reactive ands1
toxic state at the nanoscale. Problems with NPs haves2
emerged with the use of NPs in human life (Daganis3
2003; Dreher 2004; Hoet et al. 2004). The mixing ofa4
NPs in the aquatic environment leads to thess
accumulation of metals in organisms and producesss
long-lasting effects (Yu et al. 2020). It occurs whens7
NPs enter the body through permeable membranesss
(such as gills) and interfere with different reactionsss
by differentiating the natural metal ions of metabolicso
enzymes, causing disruption of protein structures ands1
forming DNA cross-links that can disrupt the cells2
cycle (Garai et al. 2021). As a result of humans3
consumption of NPs in aquatic organisms, similar 54

effects such as neuronal, hepatic, renal and
reproductive damage and cardiovascular and
peripheral vascular diseases occur in humans (Azeh
etal. 2019).

Feed additives such as prebiotics and probiotics
are effective against NPs and pathogens by
maintaining intestinal barriers and healthy intestinal
bacterial count (Yukgehnaish et al. 2020; Arun et al.
2021; Yagoob et al. 2021). Prebiotics and probiotics
are used in fish, shrimp, etc. to improve growth
performance, increase utilization of feed, strengthen
the immune system, produce inhibitory compounds
against pathogens, suppress virulence genes and
reduce the expression of proinflammatory cytokines
such as interleukin (IL). It is widely applied
in the cultivation of aquatic organisms (Kakade et al.
2023).

The zebra mussel (Dreissena polymorpha)
(Figure 1) is a reference species for ecotoxicological
studies in aquatic ecosystems. These mussels are
mainly distributed in lakes and reservoirs in Turkey.
As a species that is not endangered and can be
encountered continuously in nature, has stable
behavior and sufficient body size, it is easier to
sample than other species (Binelli 2015; Serdar 2021,
Erguven et al. 2022) and has been preferred because
it is not selective in food intake (Serdar 2021).

Figure 1. Dreissena polymorpha

69
In this study, it was aimed to investigate the effect of7o
CuNP heavy metal on the accumulation amount with71
probiotic supplementation in the aquatic organism D.72
polymorpha. 73
74

Materials and Methods 75
Model Organism Supply and Adaptation 76

D. polymorpha individuals were collected fromz7
the Euphrates River (38°4825” N, 38°43'51” E)7s
(Figure 2) and quickly brought to the laboratory inzg
plastic bottles. The temperature was set at 18 °C forgg
30days before using it in the experiments. Then, itg1
was adjusted to laboratory conditions, which wereg,

similar to the natural living conditions, using 200 L
oxygen-supplemented  tanks.  The  aquatic
environment was also refreshed by the addition of
rested tap water. During the adaptation, a
photoperiod of 12:12 light:dark cycle was applied
and the organisms were fed with microalgae.
Organisms at similar developmental stages were
selected for the study and were not fed during the
experimental study.

CuO Nanoparticles
The metal-based Cu-NP (60-80nm) chemical
(Sigma-Aldrich) was purchased, and CuO-NP
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1 (40nm) was purchased from SkySpring (Houston, 4 chemicals. In the bioassay studies, the shape and size

2

TX, USA). No purification or analytical 5

data declared by the manufacturer were taken as a

3 reagent classification has been done for Cu-CuO NP 6 reference.
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Figure 2. The area where living material is collected, Euphrates River (38°48'25” N, 38°43'51”)

41

Probiotic Supply 42
The probiotic utilized in the study was acquiredss
from Ugur Aqua Aquaculture Food Industry Trade.44
Bacteria species in probiotic content: Lactobacillusas

plantarum, Lactobacillus casei, Enterococcusss
faecium, Bacillus subtilis, Pediococcus spp. Bacterials7
colony count (CFU/ml): 2.2 x 10, 48
49

Acute Toxicity Tests (LC50) 50

Acute toxicity tests were not performed since thes;
damage caused by pollutants to the environment wassy
taken into account. Subacute values were determinedss
by a literature review (Cimen and Serdar, 2022). 54

55

Experiment Design 56

After a 30-day adaptation period, 100 individualss;
with similar development and body size weresg
selected from D. polymorpha individuals obtainedsg
from the Euphrates River and placed in 80-litergg
aquariums. Metric meristic data of the mussels usedg;
in the trial design (weight; 1.005+-0.29 g, length;s,
20.28+-2.09 mm, width; 10.04+-0.96 mm, heightess
9.74+-1 It was recorded as .07 mm). Driedgs
microalgae was fed twice a day during the adaptationgs
period. The stock aquarium/tanks were supplied withgg
oxygen by aquarium air motors. Physico-chemicalgy
parameters of the ambient water during thegg
experimental application; ambient water temperaturegg
18 £ 1 °C; dissolved oxygen: 11.04 £ 0.15 mg/L;7g
pH:8.12 £0.45; electrical conductivity: 461 + 43 uSy;
cm-1; salinity: 0.11 + 0.01 g/l were measured andy,
recorded regularly daily. 73

Two different experimental design groups were
created to investigate the effect of CuNp
accumulation on probiotic use. In the first
experimental group created, CuNp was applied at the
determined concentrations without using probiotics
(Figure 3).

CuNp was applied to D. polymorpha organisms
in the 2nd experimental group at the determined
concentrations of 3% of the water volume for 21
days. After the probiotic application, CuNp
application and Probiotic + CuNp applications were
applied simultaneously and in triplicate in both
experimental groups.

As in all toxicological studies, application
concentrations were determined by considering the
application concentrations determined in CuNp
application study, the rates of release to the
environment and the values in this range. CuNP
concentrations of 5, 10, 50 mg/L were established as
sublethal concentrations.

After 21 days of probiotic application;

Groups of 8 organisms were formed in 1000 ml
aquariums at 5, 10, 50 mg/L direct and CuNP and
probiotic applied concentrations, and each
concentration was repeated 3 times. 8 animals were
used for each experimental group and hour (24 and
96). No changes were made in the water environment
and the number of living things during the trial period
(96 hours). A certain number of samples were taken
from the application groups at 24 and 96 hours,
labeled and stored at -86°C until the accumulation
amounts were measured.
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1 C1: CuNP 5 mg/L 4
2 C2: CuNP 10 mg/L 5
3 C3: CuNP 50 mg/L 6

C4: Probiotic (30 ml) + CuNP 5 mg/L
C5: Probiotic (30 ml) + CuNP 10 mg/L
C6: Probiotic (30 ml) + CuNP 50 mg/L

Figure 3. Experiment design
19
9 Dissolving Process 20

10 For the dissolution process, a microwavezi
11 dissolution treatment system (Berghof, Germany)22
12 was used to thaw D. polymorpha samples.23
13 Approximately 0.15 g of D. polymorpha sample was24
14 taken into the digestion vessel and 4 mL ofzs
15 concentrated nitric acid (HNOs) and 1 mL of2
16 hydrogen peroxide (H20,) were added (Table 1). Thez7
17 mixture was shaken carefully and after waiting for at2s
18 least 20 minutes, the container was closed and the2g

disintegration program was applied (Serdar et al.
2019). After centrifugation, the clear solutions were
diluted to 15 mL (Pala et al. 2019). It was mixed with
ultrapure water and CuNP ion concentrations in
solution were measured by electrothermal atomic
absorption spectrophotometer (ETAAS).

The amount of D. polymorpha CuNP
measurement values, which is a living material, was
calculated with the calibration curve obtained from
known standard solutions (Figure 4).

Table 1. D. polymorpha Sample Digestion Method

Biological Weight (gr)  Solvent Volume(ml) Temp.(°C) Pressure Time(Min)

Sample (Atm)

D.Polymorpha 0,15 HNOs 150 15 4
H202 180 25 5

Results

In treatment groups directly exposed to CuNP
heavy metal (5, 10 and 50 mg/L), D. polymorpha.
The amount of accumulation in D. polymorha
tissues was measured at 24 and 96 hours. It was
found that there was a linear increase between
increasing concentration and application time, but
the calculated increase was statistically insignificant
(P < 0.05) (Figure 5).

CuNP accumulation amounts were measured in
D. polymorha tissues treated with probiotics for

24 and 96 times. It was found that there was a linear
increase between increasing concentration and
application time, but the calculated increase was
statistically insignificant (P < 0.05) (Figure 5).

When the amount of CuNP accumulation in D.
polymorha tissues treated directly and with
probioticswas compared 24 and 96 hours, it was
found that there was a statistically significant (P <
0.05) difference only in the 24-hour highest
concentration (50 mg/L) application group (P <
0.05) (Figure 5).
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Cu-Np Calibration Curve
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Figure 4. Calibration curve of Cu-Np
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Figure 5. Cu accumulation in D. Polymorpha

Discussion

Cimen et al. (2020) investigated the
accumulation rates of Cu (60-80 nm) and CuO (40
nm) nanoparticles in Artemia salina, and as a result,
there was a difference in the accumulation and
elimination rates of both NPs in parallel with the
increase in concentration and at each application
time they indicated. Daglioglu and Oztiirk (2016)
evaluated  single-celled  freshwater  algae
(Desmodesmus multivariabilis) test organism for
the bioaccumulation of boron nanoparticles. As a
result, they observed that nano and micro boron
particles accumulated in different amounts in algae.

Le et al. 2021 investigated Cu accumulations under
chronic exposure at various pH and sodium (Na)
concentrations in D. polymorpha and stated that pH
and Na have a significant effect on Cu uptake and
accumulation rates in the body. According to
Clayton et al. (2000), D. polymorpha showed a high
tendency to accumulate copper and tributyltin
(TBT) contaminants. When pooled, the replicated
samples exhibited significant differences from the
controls, despite the presence of relatively high
inter-individual variability. Mersch et al. (1993)
evaluated the potential of the freshwater organisms
D. polymorpha and Rhynchostegium riparioides as



44

Aydin & Serdar 2024- LimnoFish 10(1): 39-46

indicators of heavy metal contamination,
consequently, exposure of both metals to Cu and Cd
over a 27-day period resulted in the accumulation of
both metals in R. riparioides. They stated that it was
fast and it was not observed that it was slower for D.
polymorpha. It has also been observed that D.
polymorha individuals exposed to CuO NP
accumulate in the model organism depending on
time and concentration.

Sandeva et al. (2016) observed a slight
improvement in some parameters (nitrates, nitrites,
permanganate) by applying probiotics for 4 weeks
in Cyprinus carpio. Sharifuzzaman et al. (2011)
evaluated the efficacy of the cellular components of
probiotics Kocuria SM1 and Rhodococcus SM2 to
protect rainbow trout (Oncorhynchus mykiss)
against vibriosis and stated that probiotics provide
significant protection. Sami et al. (2020) evaluated
the growth performance and survival rates of the
examined species by adding probiotics to fresh
algae, yeast and bacteria in Ruditapes decussatus.
They reported that the highest specific growth rate
and growth gain in total weight of test organisms
were in mixed algae-probiotic feeding, and the
highest in wet weight and dry weight was in the
group fed with bacteria-probiotics. Giri et al. (2018)
investigated the protective effects of the probiotic
Lactobacillus reuteri P16 against the toxicity
caused by Pb exposure in Cyprinus carpio and
stated that L. reuteri P16 reduced the accumulation
of Pb in tissues. Daisley et al. (2019) stated that
Lactobacillus rhamnosus GR-1 probiotic reduces
the separation of Pb and Cd and their absorption
through the intestinal epithelium. Tawwab et al.
(2010) aimed to evaluate the growth response and
resistance to water-borne copper toxicity of
Sarotherodon galilaeus probiotic in Galilee tilapia,
and as a result, it reduced Cu absorption; indicated
that it had a positive effect on growth and feed
utilization. Yu et al. (2020) examined the copper-
induced accumulation and histopathological-
biochemical parameters of dietary microbial flox in
Rhynchocypris lagowski dybowski, and stated that
their diet reduced Cu accumulation. Madreseh et al.
(2018) investigated the accumulation and some
parameters of some heavy metals (cadmium, lead,
nickel, zinc) in Oncorhynchus mykiss tissues of
feeding with encapsulated Lactobacillus fermentum
and Lactulose; As a result of the examination, they
stated that L. fermentum prevented the absorption
and accumulation of heavy metals in the liver and
gills of rainbow trout. Kargar and Shirazi (2020)
examined the removal rates of Cu and Zn ions from
the aquatic environment of L. fermentum and
Lactobacillus plantarum probiotics for Cu and Zn

in their study; indicating that both metals and both
species showed rapid biosorption. Bhakta et al.
(2012) examined water samples of Cd and Pb
resistant lactic acid bacteria from some regions
where aquaculture is used as probiotics, and as a
result, these probiotics have the potential to remove
heavy metals from the fish intestinal environment to
control the progressive bioaccumulation of heavy
metals in fish. They stated that they can be used as
probiotic strains.

The data obtained from this study show
parallelism with the information in the literature. It
was determined that there was less Cu-Np
accumulation in the groups treated with probiotics
compared to the groups not given probiotics. In this
respect, the study is similar to the information in the
literature.

With this study, the effect of probiotics on
heavy metal accumulation in the body was
investigated and it was observed that they play an
important role in positive excretion and elimination
from the body, preventing or reducing the amount
of accumulation. According to these results, the
study is consistent with previous research in this
field and is expected to lead the studies to be done
in the future. It is believed that probiotics have an
impact on the excretory system of the body and they
are resistant to heavy metal accumulation in the
body in this respect. D. polymorha is a suitable
biomonitor to quantify the bioavailable of Cu-Np in
freshwaters besides a continuous biomonitoring
system as part of ecological risk assessment.
Furthermore, this model can be used as a predictive
tool to evaluate the quality of the environment.
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Diyetteki soya kiispesi oranlarimin Disi Afrika Ciklitleri Pseudotropheus socolofi’nin iireme, biiyiime
parametreleri, ve gonad, bagirsak, hepatopankreas histolojisi iizerine etkileri

Oz: Bu ¢alisma, Pseudotropheus socolofi’nin biiyiime, {ireme parametreleri, gonad, bagirsak ve hepatopankreas histolojisi iizerine farkls
diizeylerde soya kiispesi diyet takviyesinin etkisini belirlemek amaciyla yapildi. Deney gruplari, 90 giin boyunca giinde iki kez %3, 16,
27, 35 ve 44 seviyelerinde soya kiispesi ile desteklenen diyetlerle doyana kadar elle beslendi. Bu ¢alismanin sonuglari spesifik biiyiime
hizinin, kilo aliminin ve hayatta kalma oraninin diyetteki soya oranlarindan etkilenmedigini gosterdi ( P> 0,05). En kotii FCR ve son
agirlik, %44 soya igeren diyetle beslenenlerde bulundu (P < 0,05). Disi iireme parametrelerinde ise déllenme orani, yumurta verimi,
kulugka orani, yumurta ¢api, gonadosomatik indeks ve ana¢ yumurtlama yiizdesinde gruplar arasinda anlamli bir fark bulunmamistir (P
> 0,05). Ancak disi bireylerde yapilan patolojik incelemeler sonucunda diyetteki soya diizeylerinin artmasiyla birlikte yumurtaliklardaki
olgun oosit sayisinda ve bagirsaklardaki goblet hiicrelerinde dnemli bir azalma gézlendi ( P< 0,05). Sonug olarak soya kiispesinin %35'e
kadar kullanilmasi bilylimeyi olumsuz etkilememistir. Ancak diyetlere %44 oraninda soya fasulyesi kiispesinin eklenmesi histopatolojik
olarak ciddi inflamatuar reaksiyonlara ve bilyiimede azalmaya neden olmusgtur.
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Introduction

Soybean meal (SBM) is used as plant-derived
protein because of its abundance, relatively low
cost, high protein levels and amino acid profiles in
fish feeds (DiMaggio et al. 2016). SBM contains
high levels of phenolic compounds, known as
estrogenic  compounds  called isoflavonoid
phytoestrogens (Bagheri et al., 2013). Therefore, the
inclusion of SBM in fish feeds may introduce
endocrine-disrupting compounds in the form of
phytoestrogens (DiMaggio et al. 2016). SBMs
phytoestrogens with estrogenic activity may affect
reproductive development and sex differentiation in
fish (El-Sayed et al. 2012).The pure forms of
phytoestrogens such as genistein and daidzein in
SBM were added to fish diets and their effects on
growth and sex reversal were investigated by
various researchers (Pelissero et al. 1991; Kaushik
et al. 1995; Ko et al. 1999; Oca et al. 2005;
Hernandez et al. 2007; El-Sayed et al. 2012; Bagheri
et al. 2013; Brown et al. 2014; Jourdehi et al. 2014;
Chakraborty et al. 2015; Ahmed et al. 2015;
DiMaggio et al. 2016; Dong and Qiuyan 2016;
Nezafatian et al. 2017). However, there are few
studies about the effects of using high levels of
SBM in fish feed on the reproductive systems of
fish. Bagheri et al. (2013) reported that average egg
number, sperm quality, fertilization and hatching
decreased in Carassius auratus-fed diets added to
high SBM. Pelissero et al. (1991) declared that the
SBM (30%) based diet raised the plasma
vitellogenin level of Acipenser baeri. In particular,
no study has been detected on fish that reproduce
more than one generation yearly. The objective of
this study was to evaluate the effect of different
levels SBM based diets on the growth, reproduction
parameters, gonad, gut and hepatopancreas
histology of Pseudotropheus socolofi.

Materials and Methods

The experiment conditions and design

In the present study, Pseudotropheus socolofi
species was preferred, which gives offspring every
two months, regarding the reliability of the
hypothesis. Pseudotropheus socolofi broodstocks
were obtained from the Faculty of Egirdir Fisheries
at the Isparta University of Applied Sciences. Each
treatment was replicated three times. A total of 75
females with a mean weight of 5.43 g and 15 males
with an average weight of 8.52 g + were randomly
distributed (59:13) in 15 aquariums (30 x 40 x 100
cm).

The experiment fish were fed diets containing
SBM additions with three replicates for each
treatment group for 90 days. The experimental

groups were fed by hand ad libitum twice daily at
8:30 and 20:30. 100-watt thermostat heaters were
used to keep the temperature in the aquariums at
approximately 27 + 1 °C. In addition, suitable
shelters have been placed where fish can be easily
stored. The aquariums cleaned 2 days a week, and
the residual feed and feces were siphoned out. The
dissolved oxygen ratio ranged from 6.15 to 6.35 mg
Lt Fish were fed for 90 days under a natural
lighting environment. Experimental fish were
weighed at the beginning of the experiments and
90th day (at the end of the experiments). All fish
were weighed individually a day before and at
weighing days of fasting. Feed consumption was
recorded daily.

Experimental Diets

Experimental diets were isonitrogenic (46%
crude protein) and isoenergetic (9%). Five diets
were prepared by adding different SBM levels (3%,
16%, 27%, 35% and 44%). The doses were
determined based on the highest level of soybean in
commercial feeds. The composition of experiment
diets is shown in Table 1. Feed ingredients were
obtained from a local fish feed producer. All
ingredients were ground into small particles (0.5
mm) in a mill. Dietary ingredients were mixed in a
mixer. Room temperature water was added to obtain
a 30% moisture level. Diets were passed through a
mincer with a 2 mm sieve. The pellets were fan-
dried and stored frozen at —20 °C until used. YSI Pro
Plus multi-measurement set and DAIHAN Wiseven
model oven were used to prepare the diets.

Reproductive Performance

The females were observed as daily for
spawning activity, and eggs were gently removed
from the buccal cavity of females after ovulation.
Photos of eggs were taken with a smartphone and
the eggs were counted over photos. Fertilized eggs
were separated based on the different coloring of
unfertilized eggs (Ikhwanuddin et al. 2015). The
diameters of eggs were measured with a micrometer
using a microscope. The eggs were hatched in a
special incubator (Biolife Turbojet Star X6) used for
the first time in literature.

Histopathological examination

Histopathological examination was performed
on 5 fish from each group. A complete necropsy was
performed on each fish and visceral organ samples
were collected during the necropsy. Tissue samples
were fixed in 10% neutral formalin and processed
by automatic tissue processing equipment (Leica
ASP300S; Leica  Microsystem, Nussloch,
Germany). The samples were embedded in paraffin,
and 5 um sections were taken by a Leica RM 2155
rotary microtome (Leica Microsystem, Nussloch,
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Germany). Then, sections were stained with
hematoxylin and eosin (H&E) for histopathological
examination, and periodic acid-Schiff (PAS)
staining was used for histochemical analysis. After
the coverslip, all slides were microscopically
examined under a light microscope.

In the morphometric analysis of the small
intestines, the villi length was measured in each fish
at 40x with an Olympus CX41 light microscope.
Five different villi were measured in each fish for
statistical analysis. Morphometric evaluation was

performed using the Database Manual Cell Sens
Life Science Imaging Software System (Olympus
Corporation, Tokyo, Japan). The mucous cell
counting was conducted in the anterior part of the
intestine and the same region of the digestive tract
for each fish. The mean number of mucous cells per
100 000 pm? of epithelial area in sections was
compared and statistically evaluated.
Histopathological and histochemical changes were
graded in a blinded manner by a specialized
pathologist from another university (Luna 1968).

Table 1. Formulation and proximate composition of experimental diets

Ingredients (%) 3% 16%

Fish meal 30 30
Casein 225 16.6
Soybean meal 3 16
Corn starch 175 12.89
Corn gluten 5 5
Wheat meal 55 5.12
Sunflower meal 7.2 5
Fish oil 6.3 6.39
Vit!+Min? 2 2
Pellet binder 1 1
Crude protein (%) 46.24 46.28
Crude fiber (%) 2.44 2.32
Crude matter (%) 76.44 80.46
Crude lipid (%) 9.08 9.18
Crude ash (%) 12.49 11.67
GE: 3761.45 3761.91

27% 35% 44%
30 30 30
11.34 6.85 3
27 36 44
8.91 4.44 1.44
5 5 5
4.77 4.7 4.4
3.4 3.01 2.01
6.58 7 7.15
2 2 2

1 1 1
46.18 46.29 46.254
2.28 2.48 2.48
84.02 88.06 89.34
9.22 9.83 9.99
10.80 1131 11.03
3760.47 3761.61 3760.4

Vitamin premix.; per kg, 4,000,000 1U vitamin A, 480,000 1U vitamin D3, 40,000 mg vitamin E, 2400 mg vitamin K3,
4,000 mg vitamin B1, 6,000 mg vitamin B2, 40,000 mg niacin, 10,000 mg calcium D-pantothenate, 4,000 mg vitamin B6, 10 mg
vitamin B12, 100 mg D-biotin, 1,200 mg folic acid, 40,000 mg vitamin C and 60,000 mg inositol. Mineral premix.%; per kg
23,750 mg Mn, 75,000 mg Zn, 2,000 mg Co, 2,750 mg I, 100 mg Se, 200,000 mg Mg.
NFE: Nitrogen Free Extract = 100-(% Moisture + % Crude protein + % Crude lipid + % ash + % Crude fiber) (Yesilayar et
al. 2020).
GE: Gross energy = (% crude proteinx23.6) + (% crude lipidsx39.5) + (% carbohydratesx17.3) (Koshio et al. 1993).

Statistical Analysis

The significance of differences among results of
the intestinal data was analyzed by one-way
analysis of variance (ANOVA). SPSS 15.0 software
(SPSS Inc., Chicago, IL, USA) was used to analyze
the data.

The variables were assessed by the Bonferroni
test, and ANOVA tests were used to compare
groups. In comparing ovulation and egg quality,
growth performance and gonodasomatic index data
in among the groups were used ANOVA test
(variance analysis). P < 0.05 was considered
statistically significant.

Results

Growth Performance

The growth parameters of P.socolofi (female
93%; male 7%) fed diets added with different rates
of SBM were given in Table 2. No statistical
differences were found in terms of specific growth
rate (SGR), weight gain (WG) and survival rate
among groups (P > 0.05). Each other killings when
many males in the aquarium

However, among groups, there were statistically
significant differences in FCR and final weight (P <
0.05). Fish fed with a diet comprising 44 % SBM
exhibited the highest feed conversion ratio (FCR)
and the lowest final weight compared to other diets
as statistical (P < 0.05).
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Reproductive performance

The reproductive performance data of P. was detected between the groups regarding
socolofi-fed diets added with different SBM fertilization rate, egg productivity, egg opening
levels are given in Table 3. According to the end rate, egg diameter, gonodosomatic index and
of experiment results, no statistical difference percentage of laying eggs (P > 0.05).

Table 2. Growth performance of P. socolofi fed different SBM levels for 90 days (mean + SE)

3% 16% 27% 35% 44% df F P
'”i”aa;’mght 5994006  600£0.02 590011  595£003 592+0.11 4 0.34 0.85
Fi”a'(é‘;eight 7954025  7.52+£030% 733+021% 723+0.11% 7.12+028 4 1.83 0.02
WG 196+030  1.52+030 133012 138014  1.20+0.36 4 1.27 0.35
FCR 3.69+0.60° 480+ 1427 526+039% 4924058 748+2.13 4 5.95 0.01
SGR 031£0.04 025+0.04 023002  023+002  0.20+0.06 4 1.09 0.41
Survivalrate o4 444556 88894556 1004000  $333:1667 8889556 4 0.54 0.71

(%)

Significant differences between treatments are indicated with different letter (P < 0.05).
Growth parameters were calculated using the following formulas
Weight gain (WG) g = (final body weight (g) - initial body weight (g))
Feed conversion ratio (FCR) = (total feed intake (g)) / (final body weight (g) - initial body weight (g))
Specific growth rate (SGR) % = [(In final body weight - In initial body weight)/experiment days] x 100
Survival (%) = 100*(final number fish—initial number fish) / initial number fish.

Table 3. Reproductive performance parameters of Pseudotropheus socolofi fed with experimental diets (mean + SE)

3% 16 % 27% 35% 44 % df F P
Fertility rate (%) 92.87 +1.41 9468+1.19 93.73+1.46 9531+132 92.16+1.57 4 0.65 0.60
Fecundity rate (%) 4.68 £0.20 4+0.22 443 +£0.26 4.37+0.26 4.31+0.30 4 1.17 0.33
Hatching rate (%) 89.24+2.67 87.00+£3.09 91.50+2.10 80.00+5.00 88.71+3.52 4 0.94 0.45
Egg diameter (mm) 3.01 £0.02 2.71+0.18 2.90+0.10 2.72 £0.19 2.83+0.10 4 117 0.33
GSI 1.99 +0.40 1.82+0.76 1.87 £0.53 0.79 £0.10 0.85+0.35 4 1.16 0.39

Laying broodstock (%)  243.33+54.87 235+111.69 206.67+3528  196.67+27.28  216.66+2028 4 0.11 0.98

Fertility rate (%) = (No. of fertilized eggs/No. of total eggs) *100
Fecundity rate (%) = No. of eggs/body weight of female(gr).
Hatching rate (%) = (No. of hatched eggs/No. of fertilized eggs) *100
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Gonado somotic index (GSI) = (weight of gonad (g)/weight of fish) *100
Percentage of laying broodstock (%) = (Total number of laying broodstock / Number of female) *100
Significant differences between treatments are indicated with different letter in the same row (P < 0.05).

Histopathological examination of the female

No lesions were observed in any group at the
gross examinations.  Microscopical  analysis
revealed that guts were markedly affected by the
increased ratio of the SBM. There was no
inflammatory reaction, but numerous goblet cells
were noticed in the anterior section of the gut in the
3% group. Meanwhile, there was a gradual decrease

in goblet cells related to increased SBM additions.
Severe inflammatory reaction was also observed in
the 44% SBM added group (Figure 1). Statistical
analysis results of villi length and goblet cell
numbers are shown in Table 4. Our findings
indicated that excessive SBM addition to a fish diet
can cause harmful effects. No marked lesion in
other organs in any group (Figure 2) except ovaries.

Figure 1. Representative histopathological figures between the group. Decreased number of goblet cells in 16%, 27%,
35% and 44% soy bean added groups compared to 3% group, severe inflammatory reaction 44% added group in gut
(arrow head), Bars=50 pm.

Figure 2. Histopathological appearance of muscle (upper row) and hepatopancreas (bottom row) between the group,
HE, Bars=50 pm.

Table 4. Statistical analysis results of the intestinal data

Groups Goblet cell numbers Villi length (um)
(mean + SD) (mean + SD)
3% 53.80 +3.422 517.60 +10.732
16% 49.60 + 1.67° 517.40+4.212
27% 34.40 £ 1.94¢ 521.00 + 6.782
35% 27.20 + 1.30¢ 52140 +8.412
44% 16.40 + 3.36° 525.20 £ 11.542
P value <0.001 >0.05

*: One-way ANOVA Bonferroni test
**: The differences between the means of groups carrying different letters in the same column are statistically significant (P
< 0.001).
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The ovarian follicles were microscopically
evaluated at five different stages according to the
appearance and diameters of the oocyte. At stage |
(immature stage), oocyte diameter changed 55 to 60
pm without zona radiating and was irregular. At
stage I, the diameter of the oocytes was between
163 to 175 um throughout the long axis, and they
had granular cytoplasm and ellipsoid in shape. At
stage 11, the oocyte's diameters were changing from
400 to 425 um, and they had zona radiata with a 2
to 5 um thickness. They had large cortical vacuoles

with wavy margins in this stage. At stage IV, the
diameters of the oocytes were between 758 to 825
um; in addition, they had 8 to 10 pum thick zona
radiate and were generally globular in shape. At
stage V (maturation stage), oocyst diameter ranged
between 843 to 889 um and with 6 to 7 pm thick
zona radiate, the oocytes without nucleus and
granules in this stage. SBM caused decreased
mature oocytes in ovaries related to ratio and a
marked decrease was observed in the 44% added
group (Figure 3).

Figure 3. Microscopical appearance of the ovaries between the group, mature oocytes (stage V) (arrows) decreased
according to increase of SBM ratio, HE, Bars=50 pum.

Statistical analysis of the percentage of the
ovum developmental stages between the groups is

shown in Table 5.

Table 5. Statistical analysis of ovum developmental stage percentages between the groups.

Groups Stage | Stage Il Stage 11 Stage IV Stage V

3% 9.00 £ 1.222 13.40 £2.512 21.40 + 2.79% 39.20 + 2.492 38.00 + 3.532
16% 14.60 £2.70P 20.80 + 1.30° 27.00 + 4.12% 38.40 + 8.61° 40.20 + 1.780%
27% 18.40 + 1.51° 25.40 +£3.13¢ 43.20 + 1.92¢ 24.00 + 2.54¢ 43.20 +3.76°
35% 26.20 + 3.89¢ 41.60 + 4.03¢ 24.40 + 3.644 18.40 +1.51¢ 8.40 + 1.14¢
44% 41.40 £ 6.10¢ 42.00 £ 2.34¢ 17.40 + 2.072 10.60 £ 0.89¢ 5.60 + 2.60°

P value <0.001 <0.001 <0.001 <0.001 <0.001

* The differences between the means of groups carrying different letters in the same column are statistically significant.
**: Values expressed as mean =+ standard deviation.

Discussion

Effect on growth of soybean meal

In this study, the effects on the growth,
reproduction parameters of supplementation of
different levels of SBM (contains phytoestrogens)
to diets were researched. Therefore, diet keeps
fishmeal levels constant to avoid affecting
reproduction parameters. Generally, there are
studies on using SBM as a protein source instead of
fish meal in the literature. In the present study, the
growth and FCR were adversely affected by

increasing SBM levels (especially 44%) in diets.
However, a 35% SBM level may be used without
adverse effects on the growth and reproduction
performance of Pseudotropheus socolofi. The
antinutrients contained in SBM may adversely
affect the growth. Although not directly effective on
growth, Pseudotropheus socolofi. is not a species
fast growing for that is ornamental fish. The number
of females in the trial groups was higher than that of
males (52 :15"); females may have used for gonad
development most of the nutrients obtained from
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feed. Namely, the growth may be negatively
affected by gonadal development. Similarly,
Kaushik et al. (1995) indicated that replacing
fishmeal with SBM (up to 50%) reduced the growth
rate of the rainbow trout. Hernandez et al. (2007)
indicated that high levels of SBM (60%) in their
diets induced low final weight in Diplodus
puntazzo. Gu et al. (2016) indicated that SBM
caused dose-dependent decreases in growth
performance and nutrient utilization of turbot
Scophthalmus maximus. Krogdahl et al. (2003)
reported that growth in Atlantic salmon decreased
depending on the raising of the SBM ratio. Li et al.
(2012) reported that high SBM levels (45-60%)
negatively affected juvenile Japanese seabass
growth. In the current study, pure phytoestrogen
additions were not made to the diets. Nevertheless,
researchers have reported that adding soy
phytoestrogens such as genistein and daidzein to
fish diets adversely affects growth. Ko et al. (1999)
reported that the weight gain decreased in females
of yellow perch, Perca flavescens fed with genistein
diet. DiMaggio et al. (2016) indicated that the
administration of diets of high-level genistein
reduced the growth and survival of Paralichthys
lethostigma fry. Dong and Qiuyan (2016) observed
negative growth Oreochromis niloticus juvenile fed
diet supplemented with genistein.

According to histopathological examinations,
no remarkable lesions were identified in the muscle
and hepatopancreas of all groups. However, a
significant reduction of goblet cell numbers was
determined in the gut with increasing SBM levels.
A severe inflammatory reaction was also observed
in the added 44% SBM group. Krogdahl et al.
(2003) and Uran et al. (2009) reported that the
inclusion of as low as 5-10% SBM level in the diet
of Atlantic salmon could produce detrimental
inflammatory effects in the intestinal tissues. Gu et
al. (2016) indicated that enteritis developed in the
distal intestine, and the severity of the inflammation
increased depending on the dose of SBM (26-54%)
in turbot. Zhang et al. (2018) pointed out that
increasing the FM replacement level to 75% in
Japanese seabass diets reduced villus height, but not
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Baliklarin korunmasina iligkin mevzuat diger ¢iftlik hayvanlarini kapsayan mevzuat DERLEME MAKALESI
ile aynm1 zamanda yiiriirliige girmistir. Ancak balik refahina iliskin gelismeler nispeten .
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glincel aragtirma bulgularinin derlenmesi amaglanmustir. Ayrica su {riinleri alani
calisanlar1 ile tiketicilerin balik refahina iliskin farkindaliginin arttirilmasi
amaclanmistir. Yiiksek stok yogunlugu, su kalitesi, hastaliklar ile balik nakilleri ve
kesim ve o6ldiirme uygulamalari balik refahi i¢in en 6nemli risklerdir. Baliklarda tiire
6zel olmak iizere refah ihtiyaglarimin tanimlanmasi ile etkili ve pratik refah
degerlendirme metotlarinin gelistirilmesine ihtiyag vardir. Ayrica su iginde veya
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Fish Welfare in Aquaculture

Abstract: Legislation for fish welfare was implemented concurrently with that for other animals. Nonetheless, advancements in fish welfare
have been comparatively slow. This is mainly due to the complexity of fish species and aquaculture systems. Recent studies have shown
that fish are conscious and sentient. Furthermore, research indicates that fish interactions with their environment can induce stress responses
in fish leading to welfare losses. This article aims to summarise the concepts, regulations and assessment methods related to the welfare of
farmed fish in aquaculture, and to summarise current research on the effects of fish farming, transport, slaughter and killing practices on
fish welfare. In addition, the aim is to raise awareness of fish welfare issues among professionals in the fisheries sector and among
consumers. High stocking density, water quality, diseases, and fish transfers, as well as slaughter and killing practices, are the most
significant risks to fish welfare. There is a need to develop species-specific welfare requirements and effective and practical welfare
assessment methods for fish. It was also concluded that educating producers, caretakers and consumers about good animal welfare practices
can beneficial to fish welfare, given the limited adaptability of fish to stressors both in and out of the water.
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1. Giris

Biling hissedebilme, zekad ile igsel ve dissal
uyarilarin farkinda olma ve diinyadaki yerinin bir
anlayisina sahip olmay1 ifade etmektedir (Dawkins
2004; Sneddon 2020). Hissetme ise rahatlik gibi
olumlu duygular ile aci, kaygi veya izdirap gibi
olumsuz duygular1 deneyimleyebilme yetenegini
kapamaktadir (Mercogliano ve Dongo 2023).
Baliklarin pozitif veya negatif duygular1 hissetmesini
aciklamak kolay degildir (Broom 2007; Brown ve
Dorey 2019). Ancak baliklarda bilissel kapasite ve
hissedebilme yetisinin zayif oldugu, baliklarin basit
bir beyine ve temel davranis bi¢imlerini kontrol eden
birkag sinir devresine sahip olduguna iliskin ilk
goriiglerin aksine (Rose vd. 2014) baliklar tarafindan
sergilenen biligsel karmasiklik seviyesinin karasal
omurgalilarla ¢ogunlukla ayni seviyede oldugu ve
onlarda bulunanlarla benzer noéroseptif isleme
sistemlerine sahip olduklar1 belirlenmistir. Eger
herhangi bir hayvan disiiniilebiliyorsa, o zaman
baliklarin da disiiniilebilecegini ileri siiren kanitlar
giderek artmaktadir (Sneddon 2003; Chandroo vd.
2004).

Rekabetgi ve siirdiiriilebilir bir akuakiiltiir igin
balik refahinin arttirilmasi stratejik bir hedeftir.
Ancak akuakiiltirde balik refahi yaklagimlarinin
hayvan refahi etigi ve ekonomisinin tiim yonlerini
dengeli bir sekilde kapsamasi ¢ok Onemlidir. Etik
degerleri ve bilimsel gergekleri dikkate alarak, insan
ve balik iliskisinde miimkiin olan en iyi uzlagma
saglanmalidir (Seibel vd. 2020). Nitekim hayvan
refahi igin aktivist kuruluslar ile elestirel tiikketicilerin
duygu ve doga temelli bir anlayisi benimsedigi,
cevre, etik ve sefkate dayali normatif tepkiler
gosterdigi  buna  karsin  aragtirmacilarin = ve
yetistiricilerin fonksiyon temelli bir yaklasimi daha
fazla 6nemsedigi bildirilmektedir (Vanhonacker vd.
2011). Balik refahi, sadece etik bir sorun olmayip,
ciftlikten sofraya gida giivenligi stratejisinin
hedeflerinden birisidir. Ayrica Tek Saglik ve Tek
Refah yaklagimlarina gore de balik refahi halk saglig
ve drin  kalitesinin  O6nemli  bir  yoniinii
olusturmaktadir (Mercogliano ve Dongo 2023).
Sevgi ve sefkat gibi etik ilkeler ile ¢evre ve gida
giivenligi endiselerine bagl olarak yakin dénemde
insanlarin balik refah1 konusuna daha fazla ilgi
gosterecegi goriilmektedir (Rocklinsberg 2015)

Bu derleme makalede baliklarda refah kavrami
ve ilgili mevzuat, akuakiiltirde balik yetistirme,
tagima, sedasyon ve kesim uygulamalarmin balik
refahina etkileri ile baliklarda hayvan refahi
degerlendirmesine  iligkin  gilincel  arastirma
bulgularinin  derlenmesi amaglanmistir.  Ayrica
akuakiltiir  yetistiricileri ve  c¢alisanlar1  ile

tiiketicilerde balik refahia iliskin farkindaligin
arttirtlmasi hedeflenmistir.

2. Hayvan Refalh1 Kavrami ve Mevzuat

Bir hayvanin cevresiyle basa ¢ikma cabalarina
iligkin durumu olarak tanimlanan hayvan refahi
kavramma (Broom 1986) saglik, =zindelik ve
hayvanlarin ne istediklerine iliskin tamamlayici
islevsel kriterler eklenmistir (Dawkins 2004). Daha
sonra hayvan refahinin kapsami aci ve 1zdirap
yoklugundan oteye gegerek yasamaya deger iyi bir
hayat1 ifade edecek sekilde genislemistir (Mellor
2016). Zaman icinde gelisen bu hayvan refahi
kavrami balik refahinin sadece saglikli olmanin
otesinde degerli bulunan kaynaklara ulasma, dogal
davraniglarii  sergileyebilme, kontrol ve se¢im
yapabilme ve poziyif duygular1 da deneyimleyebilme
ile iligkili oldugunu ortaya koymaktadir (Sanchez-
Suarez vd. 2020). Bu nedenle akuakiiltiirde
kisitlanmig sakinler olan baliklarin yiiksek hayvan
refah1 standartlarinda yetistirilmesi i¢in bilim
insanlar1 (Mustapha 2014; Kurtoglu vd. 2021; Kdse
vd. 2023), tiiketiciler (Pieniak vd. 2013), sivil toplum
orgiitleri (Petersson 2022) ve yasa yapicilarin (EFSA
2008) cabalar1 giderek artmaktadir (Broom 2007).

Balik refahina iliskin huhuki yaptirnmlar diger
ciftlik hayvanlar1 ile ayn1 zamanda basglamis ise de
akuakiiltiir endiistrisinin  gelisimi heniiz yakin
zamanda ivme kazanmistir (Rocklinsberg 2015;
Sanchez-Suarez vd. 2020). Ciftlik Amach
Yetistirilen Hayvanlarin Korunmasina iligkin Avrupa
So6zlesmesi (ETS No.087) Daimi Komitesinin ¢iftlik
baliklar1 ile 1ilgili tavsiye karar1 Dbaliklarin
korunmasina iliskin  standartlar1 tanimlamistir
(Council of Europe 2005). Lizbon Antlagmasi
hiikiimlerine dayanilarak, 2006/88/EC sayili AB
Konsey Direktifi Birlik igindeki tiim su ftrtlinleri
yetistiriciligi faaliyetlerinde yer alan sucul canlilarin
saglik kontrollerini tek bir ¢at1 altinda birlestirmistir.
Ayrica, gida liretimi amaciyla yetistirilen baliklar ve
diger ciftlik hayvanlarinin ¢iftlik ve yetistirme
ortamlarinda  (1998/58/EC), nakilleri sirasinda
(EC1/2005) ile kesim ve oldiriilmeleri sirasinda
(EC/1099/2009) ve deneylerde kullanimlarinda
(2010/63/EU) saglanacak minimum hayvan refahi
standartlarina iliskin bir dizi AB mevzuat1 yiiriirliige
girmistir. Organik su {riinleri yetistiriciligi iizerine
ayrintili kurallar1 belirleyen (EC) No 889/2008 ve
(EC) No 710/2009 sayili yonetmelikler baz1 baliklar
icin stok yogunlugu kriterlerini hilkme baglamus,
(EC) No 2065/2001 sayil1 yonetmelik ise balik¢ilik
ve su lrilinleri triinleri hakkinda tiiketicilere bilgi
verilmesini hilkme baglamistir. Ilgili mevzuat,
yetistiriciler ve hayvan bakicilarini sorumluluklari
altindaki hayvanlarin refahin1 saglamak i¢in makul
adimlar1 atmalar1 ve bu hayvanlarin gereksiz aci ve
1zdirap yasamamasi i¢in tedbir almalari konusunda
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yikimliiliikk altina almaktadir. Ancak bu mevzuat
yetistiriciligi yapilan yiizlerce balik tiiriiniin bireysel
farkliliklarim1  dikkate alan tiire 0Ozgii refah
diizenlemelerini  igermemektedir  (Rocklinsberg
2015). Bunun en o&nemli nedenlerinden Dbirisi
akuakiiltir baliklarinin  biyolojik ve etolojik
ozellikleri ile refah gereksinimleri konusundaki
bilgilerin heniiz yeterli olmamasidir. Bununla
birlikte, baliklarin act ve agri hissedebilme
kapasiteleri ile hayvan refahinin verimler, iiriin
kalitesi ve halk sagligiyla olan iliskilerini aydinlatan
yeni bilgiler elde edilmistir ve akuakiiltiirde
sirdiiriilebilir  gelisme ve hayvan refahinin
arttirllmast  birlikte ele alinmaya baslanmistir
(Hastein vd. 2005; Kamali vd. 2022).

3. Akuakiiltirde Bahik Refahim Etkileyen
Faktorler

3.1. Balik Yetistirme Uygulamalari

Stok Yogunlugu

Akuakiiltiirde baliklar minimum agri, korku ve
stres yasamali ve miimkiin oldugunca cok tiiriine
0zgii dogal davranigim sergileyebilmelidir (Council
of Europe 2005; OIE 2019). Akuakiiltiir {iretiminde
stok yogunlugunun balik refahina etkileri Tablo 1’de
Ozetlenmigtir.  Stok  yogunlugu su kalitesini
siirdiirebilme kapasitesi, yetistirme sistemi ve balik
besleme yontemi (OIE 2019) gibi yetistirme ortami
kosullar1 ile baliklarin biyolojik ve davranigsal
ihtiyaglari, saglik ve refah durumlar: dikkate alinarak
planlanmalidir (OIE 2019). Herhangi bir yetistirme
ortaminda stok yogunlugu artislar1 kademeli
yapilmali ancak maksimum stok yogunlugu
belirlenirken miimkiin olan en diisiik seyide
tutulmahdir (FAWC 2014) ve bu amagla su
ortaminin tagima kapasitesi asilmamalidir (Ellis vd.
2002; Saraiva vd. 2022). Stok iginde stres,
kanibalizm ve saldirganligin en aza indirilebilmesi
icin baliklar biiytikliiklerine gore siniflandiriimali,
balik grubu saglik durumu ve 6liim orani yoniinden
diizenli olarak takip edilmeli ve giinde en az bir kez
grup icindeki baliklar suyun altindan gézlemlenerek
davranis anormalligi yoniinden degerlendirilmelidir.
Bu amagla miimkiin ise video tabanli davranis izleme
yontemleri ve telemetri sistemleri gibi teknolojiler
kullanilmali ancak suyun iginden alinan gériintiilerin
net olmasina 6zen gosterilmelidir (Council of Europe
2005). Balik ¢iftliklerinde otomatik sistemlerin takibi
icin alarm bulundurulmali, gii¢ kaynagi ve ekipman
arizalar1 durumunda balik sagligi ve refahini giivence
altma almak i¢in yedek sistemler hazir
bulundurulmahidir. Kafes, havuz ve goletler gibi
akuakiiltiir sistemleri daha yapim asamasinda iken
planlanan yetistirme yonii ve balik tipine gore
tasarlanmalidir. Baliklara zarar verebilecek keskin
kose ve  c¢ikintilardan ve — malzemelerden
kaginilmalidir. Baliklarin bireysel kontrolii gerektigi
durumlarda baligin izole edilmesi icin yapilacak

girisimin diger baliklar1 rahatsiz etmemesi igin
gerekli dikkat gosterilmeli, gerekirse izole baligin
yemlige ulasimini saglamak icin gerekli donanimlar
tasarlanmalidir. Balik simiflandirma islemi ayni
zamanda baliklarin bireysel kontrollerinin yapilmasi
icin uygun bir firsat olarak degerlendilmelidir
(FAWC 2014).

Yiiksek stok yogunlugu O, miktarinin azalmasina
neden olur ve amonyak (NHs, nitrit (NO,),
karbondioksit (CO>) ve pH diizeylerindeki artislar ile
baliklarin daha fazla aktivite sergilemesi sonucu
olugan sudaki parcacik miktarindaki artis gibi
nedenlerle su kalitesi diiser (Council of Europe 2005;
OIE 2019; Carbonara vd. 2020). Amonyak ve NO,
baliklar i¢in ¢ok toksiktir ve bunlarin su ortamlarinda
birikmesi engellenmelidir. Amonyak ve NO2’in
birikmesinin  Onlenmesi i¢in su akig hizinin
arttirtlmasi, biyofiltrasyon uygulanmasi ile stok
yogunlugu, balik besleme veya su sicakliginin
azaltilmas1 gibi ¢esitli yontemler kullanilmalidir
(Council of Europe 2005; FAWC 2014). Baliklar
bosaltilmadan dnce suyun kalitesi kontrol edilmelidir
(FAWC 2014). Baliklarin solunumu ile iiretilen CO-
suda birikir. Bu nedenle suyun kalitesini izlemek i¢in
CO; ve pH seviyeleri izlenmelidir. Stok yogunlugu
yiiksek tutuldugunda yetersiz su akis hizi veya uygun
olmayan besleme ekipmanlar1 gibi diger ¢evresel
kosullarin su kalitesini desteklemedigi durumlarda
stok yogunlugunun olumsuz etkileri katlanarak
artmaktadir (Ellis vd. 2002; Gauy vd. 2023). Yiiksek
stok yogunluguna bagli akut ve kronik stres
baliklarda yem tiiketimi ve yemden yararlanma
oranindan bagka immunite ve biliylime hizim1 da
olumsuz etkilemektedir (Andrew vd. 2002; Boujard
vd. 2002). Ayrica yiiksek stok yogunlugunda
yetistirilen baliklarda parazit ve hastalik insidansinda
artig (Stevenson 2007; Broom 2007; Cascarano vd.
2021) yam sira oksijen tiiketimi, saldirganlik,
anormal davraniglar ve yaralanmalarda artis oldugu
(Ellis vd. 2002, Anras ve Lagardere 2004) ve
baliklarda kotii viicut kondiisyonu (Turnbull vd.
2005) goriildiigii bildirilmistir. Stok yogunlugunun
balik refahina etkisi balik tiirli ve yas1 gibi bazi
faktorlerden  etkilenmektedir.  Yiiksek  stok
yogunlugu gokkusagi alabaligi (Oncorhynchus
mykiss), levrek (Dicentrarchus labrax) ve ¢ipura
(Sparus aurata) gibi akuakiiltiir baliklarinin tiire
0zgli gece-giindliz ritmi, dogal davranis deseni,
aktivite diizeyi, saldirgan davranis ve fiziksel hasar
diizeyleri ile su kalitesini olumsuz etkilemektedir
(Anras ve Lagardere 2004; Turnbull vd. 2005;
Ashley 2007; Calabrese vd. 2017).

Stok yogunlugunun balik refahi {izerindeki
etkileri karmagik olup bazen celiskili sonuglar da
bildirilmektedir (Carbonara vd. 2020). FAWC
(2014)’e gore stok yogunlugu maksimum 15 kg/m?®
olmalidir. Ancak yapilan arastirmalarda stok
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yogunlugu 22 kg/m® veya 30 kg/m®iin iizerinde
oldugunda baliklarin refahinin olumsuz
etkilenmedigi bildirilmistir (Greaves ve Tuene 2001;
Turnbull vd. 2005). Ancak 50 kg/m? ve daha yiiksek
yogunluklarda  tutulan  kalkan  baliklarinin
(Scophthalmus maximus) biiyiime performansi,
biyokimyasal profili, ozmolarite diizeyi, gen
ekspresyonunu ve refahimin olumsuz etkilendigi
bildirilmistir (Liu vd. 2019). Buna karsin Atlantik
somonu (Salmo salar) yavru baliklar1 hem disiik (15
kg/m®) hem de yiiksek (35 ve 75 kg/m®) stok
yogunluklarinda olumsuz etkilenmistir (Adams vd.
2007; Calabrese vd. 2017). Yiiksek stok
yogunlugunun gokkusagi alabaliklarinda
(Oncorhynchus mykiss) biiyiime hizi ve ylizme
performansint diisiirdii§ii ve yemden yararlanma
oranint arttirdigi bildirilmistir (McKenzie vd. 2012).
Diisiik stok yogunlugunda (3 kg/m® yavru ve
yetiskin ¢upra baliklarinin (Sparus aurata) yem icin
rekabet ettigi (Sara vd. 2010) ve daha yiiksek stok
yogunlugunda (40 kg/m®) ise baliklarda fizyolojik
degisiklikler meydana geldigi goriilmiistiir (Montero
vd. 1999). Greaves ve Tuene (2001) Atlantik halibutu
(Hippoglossus hippoglossus L.) baliklarinin yiiksek
stok  yogunluklarindan fazla etkilenmedigini
bildirmistir ancak Kristiansen vd. (2004) yiiksek
yogunlukta yetistirilen bu tiire ait baliklarda yiizeyde
yiizme davraniginda artig, yem tiiketimi ve biiyiime
hizinda diistis belirlemiglerdir.  Yiiksek stok
yogunlugunda Atlantik halibutu (H. hippoglossus L.)
baliklarmin dikey yiizme davranisi olasi bir refah
problemi ile iligkilendirilebilirken Rayler
baliklarinda (Raja sp.) gorillen yiizeyi kirma
davranist hem bir stereotipik davramigla (Scott vd.
1999; Ashley 2007) hem de bir besleme teknigi ile
iligkili normal bir davranig (Kristiansen vd. 2004)
olarak degerlendirilmistir. Bu bilimsel kanitlar stok
yogunlugu i¢in bir “altin oran” &nermenin oldukca
gii¢ olacagini ortaya koymaktadir (Saraiva vd. 2022).
Bu durum balik, stok yogunlugu ve diger ¢evresel
faktorler arasindaki iliskilerin daha net anlagilmasi
igin  yeni  arastirmalara  ihtiyag  oldugunu
gostermektedir.

Su Kalitesi

Baliklarin yetistirildikleri su ortaminda sicaklik,
tuz orani, pH ile Oz, CO,, NH3 seviyeleri ve su akisg
hiz1 gibi cevresel faktorler balik tiirii ve stok
yogunluguna gore uygun olmalidir (OIE 2019). Balik
yetistiriciliginde su kalitesinin balik refahina etkileri
Tablo 1’de sunulmustur. Su kalitesini etkileyen
parametreler ayni zamanda birbiri ile iligkilidir ve her
birisindeki degisim digerlerini ve dolayisiyla balik
refahini etkilemektedir (Council of Europe 2005). Bu
nedenle su akis hizi, soliit konsantrasyonu ve su
sicakligi gibi kritik degerler yoniinden su kalitesi
sirekli ~ olarak izlenmelidir (FAWC 2014).

Muhtemel sorunlara karsi ek O saglama, CO;
giderme, su akigmin arttirilmast  veya stok
yogunlugunun azaltilmas: gibi yonetimsel tedbirler
her zaman kullanilabilir olmalidir
(Mustapha 2014). Su kirliligi igin acil durum
planlar1  hazir bulunmalhidir (FAWC 2014).
Ayrica yosun ve su bitkilerinin tirememesine iliskin
tedbirler alinmalidir (Kamali vd. 2022; Saraiva vd.
2022). Su kalitesi her zaman belirli bir balik tiiriiniin
normal aktivite ve fizyolojisini siirdiirebilecegi bir
aralikta  olmalidir ancak  balik  tiirlerinin
gereksinimlerinin farkli yasam asamalar1 arasinda
degisebilecegi dikkate alinmali veya yetistirme
uygulamasina iligkin istisnai durumlar s6z konusu
oldugunda bu parametrelere iliskin uygun yonetim
saglanmalidir. Su kalitesini etkileyen parametrelerde
meydana gelen ani degisiklikleri en aza indirmek igin
uygun Onlemler alinmalidir. Geri  doniisiim
sistemlerinde  su  kalitesinin izlenmesine ve
yonetimine 6zel bir dikkat gosterilmelidir (Council of
Europe 2005).

Baliklar, su kalitesindeki degisikliklere farkli
derecelerde adapte olabilirler ise de bu durum strese
neden olur ve degisikligin siddetine bagli olarak
baliklarin 6liimiine kadar varan refah kayiplar
meydana gelebilir (Conte 2004). Su Kkalitesi
baliklarda saglik, iireme ve besi performansi ile
davranisglart etkilemektedir (Ellis vd. 2002; Relic vd.
2010) ve bu nedenle balik refahinin 6nemli bir
gostergesidir  (Saraiva vd. 2022). Ciinkii su
kalitesinin kotiilesmesi ile akut ve kronik stres,
homeostazi kontrol giicliigli, biiyiime geriligi,
solungaclarda ve  yiizgeglerde yaralanmalar,
hastaliklara karsi artmigs duyarliik ve odliimler
goriilebilir (Ellis vd. 2002; Mustapha 2014). Su
sicakligi 6nemli bir su kalitesi parametresidir ve su
sicakli ile stok yogunlu, pH ve amonyak diizeyi
arasinda cesitli etkilesimler bildirilmistir (Ellis vd.
2002; Shabani vd. 2016).

Balik Bakim ve idaresi

Bahik Besleme

Baliklara saglik ve verimliligin siirdiirebilmesi
icin fizyolojik ihtiyaclarin1 karsilayabilecek uygun
icerik ve miktarda yem verilmelidir (EC/98/58 ve
Ciftlik Hayvanlarmin Refahma Iliskin  Genel
Hiikiimler Hakkinda Yonetmelik, 22 Kasim 2014,
R.G.N0:29183). Besleme ekipmani suda en az
kirlilige neden olacak ve tiim baliklarin yeterli
miktarda yeme ulasmasimmi saglayacak sekilde
tasarlanmali, yerlestirilmeli ve verilen yem
miktarinin izlenmesine olanak saglayacak ve tiim
iklimsel kosullarda calisacak sekilde yonetilmelidir
(Council of Europe 2005). Kullanilan veya
depolanan yemlerden diizenli 6rnekleme yapilarak
pelet blyiikliigli, yemde toz, nem ve yabanci
maddeler yoniinden fiziksel kontroller ile bakteri ve
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kif gibi mikroorganizmalar yoniinden kontroller
diizenli olarak yapilmalidir (Hastein vd. 2005;
FAWC 2014; Mustapha 2014). Yemin bilesimi
beslenecek baliklarin tiiri ve yas1 ile iretim
programinin 6zelligine gore hazirlanmalidir. Yemde
ve besleme programinda ani degisikliklerden
kacinilmali, baliklarin refahini veya su kalitesini
olumsuz etkileyebilecek yontemler
kullanilmamahidir (OIE 2019; FAWC 2014).
Yemleme programi ve yemin dagitilma sekli baliklar
arasinda zararli sonuglar olusturabilecek rekabete
neden olmamalidir (Andrew vd. 2002; Council of
Europe 2005). Ozellikle yavru ve geng baliklarin
beslenmesi diizenli olarak izlenmelidir (Council of
Europe 2005; FAWC 2014).

Balik tiirliniin dogal yapismma ve davranig
ozelliklerine uygun olmayan besleme uygulamalar
baliklarda stres tepkilerine neden olmakta, stres
toleransi ile balik sagligin1 olumsuz etkilemekte ve
saldirgan davranislarda artisa yol agmaktadir. Bu tip
hatali beslemeyle baliklarda diisiik biiylime hizi,
baskilanmis immun yanit, morfolojik anormallikler
ve normalden fakli bir sekilde yiizme gibi anormal
davraniglar iliskilendirilmektedir (Conte 2004;
Damsgard vd. 2004; Hastein vd. 2005; Mustapha vd.
2014). Yem dagitilan alanin oransal olarak dar olmas1
yem alm igin rekabeti arttirarak saldirgan
davraniglarda ve biiylime yoOniinden grup igi
varyasyonda artiglara neden olabilir ve sosyal
hiyerarsinin giiclenmesine yol agabilir (Stevenson
2007). Uygun sekilde yapilmayan yemlemenin
Atlantik somonunda hastaliklarin artmasina neden
oldugu, levrekler arasinda saldirgan etkilesimleri
arttirdigi bildirilmistir (Andrew vd. 2002; Damsgard
vd. 2004). Kafeste yemleme yapildig sirada iri yapilt
somonlarin fazla miktarda yem aldigi belirlenmis
ancak rekabet giicii zayif olan kiiciik yapil
somonlarin az yem aldig1 ve kafes ¢evresine yakin
bolgelerde daha yogun sekilde bulunduklari
bildirilmistir (Broom 2007). Yemde besin madde
miktarlarinin dengesiz veya yetersiz olmasinin balik
sagligini olumsuz etkiledigi bildirilmistir (Poli 2009).
Gece beslenen Afrika kedi baliginin (Clarias
gariepinus)  akuakiiltirde  genellikle  giindiiz
beslenmesinin bu tiirlin yemden yararlanma ve
bliyime hizin1 olumsuz etkiledigi bildirilmistir
(Ashley 2007).

Dogada birgok balik tiirii, mevsimsel gida kitligi,
gb¢ veya Uremeyle ilgili faktorlere bagli olarak
zaman zaman kisa veya uzun siire beslenmeden
kalabilir (Miller vd. 2009). Baliklar ektotermik olup
viicut sicakliklart ortam sicakligindan etkilenir ve
aclik doneminin etkileri endotermik olan canlilara
gore daha diisiik olmaktadir. Bu nedenle baliklarin
saglikli kalabilmek i¢in sik sik beslenmeye ihtiyaclari
olmadig1 ve aglik dénemlerinde enerji depolarinin
daha yavas tiikendigi bildirilmistir (Wang vd. 2006;

Bar 2014; Hvas vd. 2020). Ayrica Salmon
alfavirusun neden oldugu pankreas hastaligi ile su
sicakliginda meydana gelen mevsimsel sicaklik
dalgalanmalar1 ve hipoksinin de goniillii agliga neden
olabilecegi kaydedilmistir (McLoughlin ve Graham
2007; Rocklinsberg 2015; Hvas vd. 2020).

Su driinleri yetistiriciliginde tuzlu suya gecis,
hasat, nakil ve kesim gibi islemler sirasinda
baliklarda olusacak stres ile metabolizma hizi,
oksijen tiikketimi ve atik {retim seviyelerini
azaltilmak ve ayrica sindirim sistemini bosaltmak
(Hvas vd. 2020), et kalitesini arttirmak (Mustapha
2014) ve hastaliklarin tedavisi gibi amaglarla baliklar
gecici olarak a¢ birakilabilmektedir (Ashley 2007).
Uygun kosullar altinda baliklar1 kisa siireyle ag
birakmak hayvan refahi1 kayiplarina neden
olmayabilir (Hastein vd. 2005; Relic vd. 2010).
Ancak daha once diizenli olarak beslenen baliklarda
achigin etkileri veya go¢ ve hastaliklar gibi
durumlarin goéniillii aglikla iligkisine dair bilgiler cok
sinirlidir. Bununla birlikte aglik ile metabolik aktivite
ve saldirgan rekabet davranigi arasindaki iligkilere
dair onemli kanitlar bulunmaktadir (Hastein vd.
2005; Ashley 2007; Stevenson 2007). Bu durum,
baliklar igin goniillii veya goniilsiiz achigin balik
refahin1 nasil etkiledigini belirleyebilmek icin daha
fazla arastirma yapilmasina ihtiyag oldugunu
gostermektedir. Uzun siireli agligin balik refahi igin
risk olusturup olusturmadigini degerlendirebilmek
icin dinlenme metabolik hizi, enerji tasarrufuna
baslama zamani ve vissera i¢indeki depolarin azalma
durumu gibi parametrelerin yararli olabilecegi
bildirilmistir (Hvas vd. 2020).

Balik Hastaliklar:

Akuakdiltiirdeki ~ baliklar ~ hastalanma  ve
yaralanma risklerinden korunmali, yaralanma ve
hastalik hallerinde uzman veteriner hekimlerce hizli
tant konulmali ve en uygun tedavi yapilmalidir
(EC/98/58 ve Ciftlik Hayvanlarmin Refahina Iliskin
Genel Hiikiimler Hakkinda YoOnetmelik, 22 Kasim
2014, R.G.No0:2918). Baliklarda anormal davranis,
yaralanma, hastalik ve 6liimlerde artig goriildiigiinde
balik bakim ve idaresinden sorumlu Kkisiler
nedenlerin belirlenmesi ve gerekli ise tedavinin
baglatilmasi i¢in derhal harekete gegmeli ve veteriner
hekime bilgi vermelidir (FAWC 2014). Balik
hastaliklar1 ile hayvan refahi etkilesimleri Tablo 1°de
gOsterilmistir. Baliklarda viicudun hassas  bir
boliimiiniin kaybedilmesine veya zarar gérmesine,
ylizge¢, solungag veya kemik  yapisinin
degistirilmesini  iceren herhangi bir cerrahi
miidahaleye izin verilmez. Yapilacak olan saglk
miidahalelerine karar verirken akuakiiltiir kosullari,
baliklarin fizyolojik ve davranig Ozellikleri, stres,
istah ve biiyiime diizeyleri ile yaralanma, hastalik ve
Oliim oranlar1 gibi saglik ve refah gostergeleri dikkate
alimmalidir (Council of Europe 2005).
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Enfeksiyon hastaliklar1 ve paraziter invazyonlar
baliklarda en Onemli refah sorunlarindandir
(Damsgard vd. 2004; FAWC 2014). Etkin ve hizl
tedavi, hastalik tehditlerinin azaltilmas1 ve iyi saglik

koruma uygulamalari i¢in veteriner ilaglarin
kullannrmindaki  sinirlandirmalarin = azaltilmasina
ihtiyag bulunmaktadir (FAWC 2014). Ayrica

veteriner ilaglarin kullanim sekli, yan etkileri ve
gevresel etkileri bakimindan balik tiirleri arasindaki

genis farkliliklar tedavi uygulamalarini
giclestirmektedir (OIE 2019; FAWC 2014).
Akuakiiltirde  yiikksek  balik  stok  yogunlu

uygulamalariyla ve o6zellike agik su balikgiliginda
hastaliklarin bulasma riski artmaktadir. Kisa siirede
yikksek oOliim gerceklesen bulasict hastaliklar su
iirtinleri yetistiriciliginin geligsmini tehdit etmektedir
ve kiiltiir balik tiirlerinin hastalik kontrolii ve saglik
yonetimi endiistride 6n dncelikli konulardan birisidir
(Rajee ve Alicia 2019).

Akuakiiltiirde goriilen balik hastaliklarindan
korunma ve yapilan tedavilerin bagarisi igin
biyogiivenlik ve  biyoteknoloji  olanaklarinin
kullanimi dahil proaktif calismalara ihtiya¢ vardir
(Broom 2007; Mustapha 2014). Hastaliklarin
Onlenmesi ve etkin tedavi i¢in temizlik,
dezenfeksiyon ve uygun kosullarda bekletme gibi
tedbirler alinmalidir (Council of Europe 2005).
Baliklarin ihtiyaglarini karsilayacak kalitede temiz su
ve yemin slirekli temin edilmesi ¢ok Onemlidir.
Asilamalar ve diger saglik koruma uygulamalarinin
balik tiirii, yetistirme sistemi ve tesislere uygun
sekilde planlanmasi ve yoOnetilebilmesi igin
yetistirici, bakict personel ve veteriner hekim
arasinda uzlagilmig bir hayvan sagligt ve refahi
koruma plam yiiriitilmelidir (Council of Europe
2005). Bu plan yazili olarak bulundurulmali ve ayrica
balik idaresi, baliklarin fiziksel yaralarinin izlenmesi,
balik  oliimlerinin  nedenlerinin  kaydedilmesi,
biyogiivenlik, salgin hastalik ve dogal afetlerle
miicadele stratejileri ile personel egitimi konularini
kapsamalidir (FAWC 2014). Ureticiler ve bakici
personel baliklarda kotii refah ve hastalik belirtilerini
taniyabilmeli, asilama ve ila¢ uygulama ile bunlara
iligkin kayitlarn tutma, balik saghg ve refahi
sorunlarimi  izleme ve arastirma konularinda
egitilmelidir. Bununla birlikte balik saglig1 ve refahi
konusunda deneyimli veteriner hekim sayisinin fazla
olmamasi da sektordeki diger bir dnemli sorundur
(FAWC 2014). Ayrica, hastalik riskini ve veteriner
ilaglarin ~ kullanimimi  azaltmak i¢in temizlik,
dezenfeksiyon, hasta balik izolasyonu ve karantina
islemlerine 6zen gosterilmelidir (Council of Europe
2005, OIE 2019).

Saglik koruma veya tedavi amagclanyla ele
almma, ¢ozeltiye batirilma, asilama ve enjeksiyon
gibi uygulamalar baliklar {izerinde strese neden

olabilmektedir (McLoughlin ve Graham 2007
Mustapha 2014). Damsgard vd. (2004) anestezik
uygulamasiin ve asilamanin Atlantik somonunda
(Salmo salar) yem alimini ve biiytimeyi diigiirdigiini
belirlemigtir. ~ Kiiltir  balikgiligi  uygulamalar
baliklarda bazi hastaliklar (vibrio, Lepeophtheirus
salmonis, Ceratothoa oestroides, vs.) ile dolasim, kas
ve iskelet problemlerinin  yayginlagmasiyla
iligskilendirilmistir (Poppe vd. 2002; Mordue ve Pike
2002; Cascarano vd. 2021). Yiiksek stok yogunlugu,
diistik su kalitesi, baliklar arasinda saldirgan sosyal
etkilesimler ile yiiksek verimler yoniinde yapilan

seleksiyonlarin  baliklarda  fizyolojik  sinirlarin
asilmasmma neden olmus olabilecegi ve refah
standartlarindaki diisiiglerin  baliklar1 genis bir

hastalik yelpazesine duyarli hale getirebilecegi
endiseleri dile getirilmistir (Hastein 2004; Mustapha
2014). EFSA (2008), kiiltire almnan baliklarda
hastaliklarin genellikle birincil patojenler tarafindan
degil, yetistirme c¢evresiyle iligkili oldugunu
kaydetmistir. Son doénemde kiiresel 1sinma ve su
ortamlarindaki degisiklikler balik saglig1 ve refahini
etkileyebilecek potansiyel riskler olusturabilir
(Mustapha 2014; Cascarano vd. 2021).

Seleksiyon ve Biyoteknoloji Uygulamalar:

Mikroyosunlar, biyosensorler, DNA agilar1 ve
genom  maniplasyonlar1  gibi  biyoteknolojik
uygulamalar, su iirlinleri yetistiriciliginde verimleri
ve tliretimi arttirmak i¢in kullanilmaktadir (Forabosco
vd. 2013; Zhou ve Gui 2018; Rajee ve Alicia 2019).
Farkli su irilinleri tiirleri arasinda yapilan
hibridasyonlar, genom tabanli seleksiyon ve gen
transferi ile elde edilen ticari melez balik tiirleri
akuakiiltiir kosullarina daha iyi adapte olabilmekte ve
daha yiiksek tterim potansiyeli sunmaktadirlar
(Rajee ve Alicia 2019). Ayrica baliklarda eksojen
steroid hormon veya endokrin bozucu kimyasallarin
uygulamasiyla cinsiyet doniisiimii yapilmaktadir.
Tek cinsiyet veya steril stoklar yemle alinan besinleri
ireme faaliyetleri yerine biiylimede kullanarak
yiiksek biiylime hiz1 ve hasat yetenegi gostermektedir
(Forabosco vd. 2013; Rajee ve Alicia 2019).

Faydalarina ragmen, su iriinleri
yetistiriciligindeki biyoteknoloji uygulamalarinin
insan saglig1 ve c¢evre lizerinde gesitli antropojenik
etkiler yapabilecegi kaydedilmistir (Mustapha 2014;
Rajee ve Alicia 2019). Genetigi degistirilmis bir balik
tiirlinin  dogal ortama ka¢gmasinin bu baliklarin
habitattaki yerli tiirlerle yiyecek, barinak ve giftlesme
icin rekabeti arttirabilecegi, ¢evreye daha iyi uyum
yetenegi olan bu melez baliklarin zamanla yerli
tiirlere tstiinlilk saglayabilecegi ve yerli tiirlerle
ciftleserek genetik kirlenmeye ve hatta yerli tiirlere
ait popiilasyonun yok olmasina neden olabilecegi
endiseleri bulunmaktadir (Mustapha 2014, Rajee ve
Alicia 2019). Bu nedenle transgenik su iriinlerinin
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kullaniminin siki bir protokol ile denetlenmesi ve
DNA asilartyla agilanmis baliklara veya hibrid balik
iirtinlerine iliskin tiiketicinin bilgilendirilmesinin
onemi vurgulanmigtir (Rajee ve Alicia 2019).
Baliklarda indiiklenmis tireme i¢in dogal ve sentetik
hormonlarin kullanilmasi, alici ve bagisc1 baliklar
icin bir¢ok refah sorununa neden olabilir. Bir bagisct
baligin hipofiz bezinin ¢ikarilmas1 i¢in kurban
edilmesinin 6nemli bir refah problemi oldugu agiktir
ve ayrica biyoteknoloji uygulamalarinin stres, agr1 ve
doku Thasarina yol agabilecegi bildirilmistir
(Zhou ve Gui 2018). Erken biiylime igin yapilan
seleksiyonun  baliklar  arasinda  saldirganligin
artmasina ve yaralanma, agri, rahatsizlik, korku ve
sikintitya neden olabilecegi kaydedilmistir. Ayrica
baliklarda hizli biiylime ile anormal kalp sekli, kalp
fonksiyon bozuklugu, omurga deformasyonu,
katarakt ve diisiik yasama giicii arasinda iliski
oldugunu gosteren bulgular artmaktadir (Wall ve
Richards 1992; Poppe vd. 2002; Stevenson 2007;
Mustapha 2014).

Normal Davranislarin
Anormal Davramslar

Gida amagl yetistirilen hayvanlarda minimum
refah  ihtiyaclann “Bes  Ozgiirlik”  seklinde
gruplanmistir  (FAWC  2014).  Yetisitiricilik
kosullarinda baliklarin da dahil oldugu giftlik
hayvanlarmin  refahimt  saglamak i¢in  asgari
standartlar1 belirleyen mevzuat bu refah ihtiyaglarina
dayanmaktadir (EC/98/58 ve Ciftlik Hayvanlarinin
Refahina Iliskin Genel Hiikiimler Hakkinda
Yonetmelik, 22 Kasim 2014, R.G.No:29183). Bu
mevzuata gore baliklar agri, korku ve kaygi
hissetmeden, yem alma ve sosyal etkilesim gibi
normal davranmglarin1  sergileyebilmelidir  (OIE
2019). Duygular1 da yansitan davraniglar baliklarda
stresi ve refah1 degerlendirme ve izleme icin en
onemli hayvan tabanl refah gostergeleridir (OIE
2019). Dolayisiyla fizyolojik ve saglik durumu ile
kotii refah1 yansitan davranig modelleri iyi izlenmeli
ve kaydedilmelidir (FAWC 2014; Council of Europe
2005). Bu amagla su {iriinleri yetigtirme sistemlerinde
balik davranislari, biyolojisi ve refah gereksinimleri
konusunda tiire 0zgili bilgilere sahip egitimli ve
deneyimli yeterli sayida personel bulunmalidir. Bu
personelin siirekli egitimi saglanirken, verilen egitim
sertifikalandirilmalidir (OIE 2019).

Uretim miktarinin artigma odaklanilan yogun
tiretim sistemlerinde anormal balik davranislarindaki
artis akuakiiltiirde balik refahi kayiplarinin arttigini
gostermektedir (Adams vd. 2007; Sneddon 2020).
Anormal davranis, belirgin bir islevi olmayan ve

Sergilenmesi  ve

amagcsizca tekrarlanan davramiglardir (Dawkins
2004). Baliklarda anormal davramiglar ve
yaralanmalara iligkin etkilesimler Tablo 2’de

gosterilmigtir. Su trlinleri yetistiriciliginde pek ¢ok
balik davramiginin pozitif deneyimler (oyun, kesif,

vs.) veya stres faktorlerine uyum veya kontrol
cabasiyla (kagma, siginak arama, vs.) iligkili oldugu
bilinmektedir (Dawkins 2004; Kristiansen vd. 2004;
Ashley 2007). Ancak stres faktoriiniin etkisinin uzun
streli ve siddetli olmasi durumunda degisen
davraniglar maladaptif bir hal alabilir. Eger durum
daha da kétiilesir ve uyum cabalari basarisiz olur ise
baliklarda yilginlik meydana gelebilir (Clement vd.
2005; Madaro vd. 2020). Akuakiiltir barindirma
kosullarimin baliklar icin yeterince duyussal ve
biligsel uyarilar1 igermedigi durumlarda can sikintisi
ve yilginlik daha da . artmaktadir (Kleiber vd. 2023).
Bu nedenle anormal davrams frekansi baliklarda
psikolojik stres faktorlerine bagh refah kayiplarinin
Olciilmesi ve degerlendirilmesi igin gecerli bir
hayvan tabanli refah gostergesidir (Alfonso vd.
2020).

Stok yogunlugu arttikca baliklar igin azalan
yasam alani davraniglarin daha da kisitlanmasina
neden olurken artan sosyal stres baskisi da duyulan
kaygiy1 derinlestirmektedir (Ashley 2007; Carbonara
vd. 2020). Sosyal istiinliik siralamasinda baskin
baliklar tarafindan yem almasi engellenen pasif
baliklarda sindirim fonksiyonlarinda ve immun
kapasitede  kayiplar ve  bliyime  geriligi
goriilebilmektedir. Bu durum stok i¢inde beden iriligi
yoniinde heterojeniteye neden olur ve gelisme
geriligi olan kiiglik baliklar yetistirme uygulamalar
icin bir sorun haline gelebilir (DiBattista vd. 2005;
Ashley 2007). Refah kayiplarinin 6nlenebilmesi igin
tasima kapasitesinin asilmamasi ve ayrica islevsel
veya biligsel uyaricilar1i igerecek sekilde su
ortamlarinin ~ zenginlestirilmesi  Onerilmektedir
(Ashley 2007; Kleiber vd. 2023). Cevresel
zenginlestirme refahi arttirarak baliklarin
davranigsal, fizyolojik ve psikolojik ihtiyaglarinin
karsilamasina yardimei1 olacak yeni duyusal ve motor
uyaricilar  saglayabilmektedir. Ancak c¢evresel
zenginlestirme stratejileri (glriiltii ve miizik gibi
igitsel, koku ve tat gibi kimyasal, aydinlatma ve
renkler gibi gorsel uyaricilar ile akintilar ve egzersiz,
vs.) her tiriin ve yasam evresinin ihtiyaglari,
tercihleri ve dogal geemisi ile iliskilidir ve balik
yetistirme  sisteminin  Ozellikleri  ile  de
etkilenebilmektedir (Arechavala-Lopez vd. 2022;
Kleiber vd. 2023). Baliklar i¢in beslenme veya
olumsuz olaylarin tahmin edilebilirligini saglamak
i¢in otomatik yemliklerden baliklarin kendisinin yem
almasi gibi islevsel kosullanma ve Ogrenme
deneyimlerinden de yararlanilabilir (Galhardo ve
Oliveira 2009; Kleiber vd. 2023).

3.2. Nakil

Omurgali hayvanlarin taginmasi onlara zarar
veya asirt act verme olasiligt olan bir sekilde
yapilamaz ve bu hayvanlara baliklar da dahildir
(EC/1/2005). Ancak ilgili yo6netmelik nakilleri
sirasinda korunmalar1 igin baliklara 6zel detayl
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kurallar1 igermemektedir (Gimenez-Candela vd.
2020). Bu Avrupa Birligi yonetmeligi ulusal

mevzuata aktarilmigtir ancak canli baliklar kapsam
dist birakilmistir (Hayvanlarin Nakilleri Sirasinda
Refahi ve Korunmasi Yonetmeligi, R.G. No:28152,
24 Aralik 2011). Akuakiiltiirde nakil islemlerinin
balik refahina etkileri Tablo 2’de 6zetlenmistir.
Nakilden once baliklar yolculuk i¢in yeterince
formda ve saglikli olup olmadig1 yoniinde kontrol
edilmeli ve tedavi amagli olanlar hari¢ yolculuk i¢in
yeterince durumu uygun olmayan veya hasta olan
baliklar taginmamalidir. Tasima islemleri balik
tirene Ozgli davranis ve Ozel ihtiyaglar dikkate
almarak planlanmalidir (Council of Europe 2005).
Somon ve alabalik gibi biiyiik baliklarin uzak
mesafelere tasinmasi i¢cin yapilan uzun yolculuk
sirasinda baliklarin kalabalik sekilde tutulmamasina
dikkat edilmelidir. Pompalama hizi ve basinci ile
boru c¢ap1 balik biyiikligiine gore ve tasima
tanklarinda ulasilacak son stok yogunluguna gore
ayarlanmalidir (FAWC 2014). Baliklarin yiiklenip
bosaltilacagr  tesislerde  yiiriitilen  islemleri
denetleyecek personel bulunmali ve balik yiikleme ve
bosaltma islemlerinin minimum stres veya
yaralanmaya yol agacak sekilde gercgeklestirilmesi
saglamalidir (OIE 2019). Bazi durumlarda baliklar
kisa mesafeler igin kafesleriyle tasinabilir. Daha
kiiciik olan alabaliklar genellikle ¢iftlikte kesilebilir
ancak bazen giftlik disindaki kesim tesislerine de
taginabilirler. Baliklarin kesim tesislerine kadar
taginacaklar siire varilan tesiste baliklarin sedasyon
ve kesimi i¢in planlanan iglemlerle uyumlu olarak
gerceklestirilmelidir. Bu nedenle o6ldiirme veya
kesim noktasi ile nakil tekneleri arasinda saglikli ve
uyumlu bir is birligi saglanmalhidir. Ag ile balik
tagima, titregim, giriiltl, su kalitesi, basing ve
sicaklik degisikligi ile fiziksel hasarlar baliklar i¢in
stres yapici diger faktorlerdir. Nakil siirecinde su
kalitesi izlenmeli, kaydedilmeli ve oksijen tanklari ile
gerekli takviyeler yapilmalidir (FAWC 2014).
Nakilde gorevli tiim personel tasimanin baliklar
iizerindeki olumsuz etkilerinden sorumludur.
Yiikleme, baliklarin  davranist  ve  Ozellikleri
konusunda bilgi ve deneyime sahip olan operatorler
tarafindan yapilmalidir (OIE 2019). Tasinacak tiir
icin uygun olan ve arizali olmayan bir arag ile tagima
yapilmalidir. Baliklar1 ele alma ve tagima sirasinda
stresi en aza indirmek ig¢in acil durum planlar
olusturulmalidir. Nakil personeli balik sagligi ve
refah1 konusunda egitilmelidir. Egitim, her balik
tirine 0zel olmak Tlzere, balik davranisi ve
fizyolojisi, hastalik ve kotii refahin genel belirtileri,
yiikleme, bosaltma ve yolculuk sirasinda canli
baliklarin ele alinmasi ve yonetimi, ilgili ekipmanin
kullanomi  ve bakimi, tasima sirasinda sikca
kargilagilan ~ durumlarin = yOnetimi,  baliklarin

muayenesi ile su kalitesini izleme, olumsuz hava
kosullart ve acil durum planindaki uygulamalara
iliskin detaylar1 icermelidir (OIE 2019). Baliklarin
taginmas1 i¢in kullanilan araclar ve konteynerler,
taginacak baliklarin tiiriine, boyutuna, agirligina ve
sayisina uygun olmali ve bu amagla kullanilan tiim
ekipman ve cihazlar baliklarda fiziksel yaralanmalari
en aza indirecek sekilde tasarlanmali ve tiretilmelidir
(OIE 2019). Capraz bulagmalar1 oOnlemek igin
kullanilan ekipmam temizlenmeli ve dezenfekte
edilmelidir (Council of Europe 2005).

Baliklarda nakil stresi yolculugun siiresi, su
kalitesi ve nakil sirasindaki balik idaresiyle 6nemli
Olciide etkilenmektedir (Iversen vd. 2005; Ashley
2007; Relic ve Markovic 2021). Ancak bu faktorlerin
etkileri veya birbirleri arasindaki etkilesimlere iliskin
arastirmalar yetersizdir. Kurtoglu vd. (2021) Sibirya
mersin (Acipenser baeri) baliklarinin 15°C su
sicakhiginda 50 kg/m® stok yogunlugunda 20 saat
boyunca giivenli bir sekilde taginabilecegini, ancak,
100 kg/m® ve iizeri stok yogunlugunda yapilacak
nakillerde 16 saat yolculuk siiresinin balik refah1 ve
sagligini tehdit edebilecegini belirlemistir.

Nakil uygulamalar1 ve simiflandirma islemi
baliklar {izerinde olusturdugu yiiksek stres nedeniyle
hastaliklara duyarhiligi arttirmaktadir. Iversen vd.
(2005) Atlantik somonu (S. salar L. vyavru
baliklarmin denize transferinin ardindan goriilen
enfeksiyonlarin arttigini ve dzellikle yiikleme sonrasi
kortizol diizeylerinde artig goriildiigiinii bildirmistir.
Chandroo vd. (2005) nakil sirasinda ve sonraki 48
saat i¢cinde gokkusagi alabaliklarin (Oncorhynchus
mykiss) aktivitesinde artis oldugunu, dinlenme
sonrast bile baliklarin normal aktiviteye yavas
dondiiklerini tespit etmistir. Shabani vd. (2016) ise
bu tiir baliklarin nakil sonrasinda dinlendirilmesinin
nakil stresini azalttigini belirlemistir. Akdemir vd.
(2022) canli gokkusagi alabaligi (Oncorhynchus
mykiss) tasimasinda kullanilan seramik toplarin
sudaki pH degeri ve amonyak seviyesi ile solungag
doku hasarlarinin azaltilmasinda fayda sagladigini
belirlemistir. Ayrica bagka bir tanka transfer
sirasinda baliklarin ani 151k yogunlugu degisiminden
de strese girdikleri bildirilmistir (Relic ve Markovic
2021).

Canli baliklar igin nakil iglemi korku, act ve
kaygi esliginde yeni bir g¢evre ile gesitli
temaslar igerdiginden strese neden olmakta ve
balik refahimi diistirmektedir. Sedasyon
olusturacak bir anestezik madde uygulanmasinin
taginacak baliklarda stresi azaltabildigini gosteren
calismalar bulunmaktadir (Neiffer ve Stamper 2009).
Lopez-Canovas vd. (2020) de PB-CD iginde
nanoenkapsiile edilmis karanfil yaginm1 kesim
oncesinde anestezik amacli olarak Atlantik somonu,
Nil tilapyasi, levrek ve gokkusagi alabaligi tiirlerinde
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Tablo 1. Akuakiiltiirde stok yogunlugu, su kalitesi ve hastaliklarin balik refahina etkileri
Table 1. The impact of stocking density, water quality and diseases on fish welfare in aquaculture

Cevre Faktorleri

Tlgili refah problemleri

Balik refahimi arttirmak icin yaklasimlar

Yiiksek stok yogunlugu
Uretim artis1 igin yogun
iretim teknigi
kullanilirken stok
yogunlugu
arttirllmaktadir

(Carbonara vd.
Saraiva vd. 2022)

2020;

» Rekabette artig (Sara vd. 2010; Calabrese vd. 2017; Saraiva vd.
2022), heterojen biiyiime (Ellis vd. 2002), normal davraniglarin
sergilenememesi (Adams vd. 2007) saldirganlik ve anormal
davraniglarda artig (Greaves ve Tuene 2001; Ellis vd. 2002) fiziki
hasarlarda artig (Galhardo ve Oliveira 2009; Kurtoglu vd. 2021)

» Balik siniflandirmaya duyulan ihtiyacin artmasi (Ellis vd. 2002;
Dawkins 2004)

» Akut ve kronik stres, diigilk yemden yararlanma ve biiyiime (Ellis
vd. 2002, Boujard vd. 2002; Andrew vd. 2002), immun
despresyon (Liu vd. 2019), parazit ve hastaliklar (Stevenson 2007,
Cascarano vd. 2021), kotii viicut kondisyonu (Turnbull vd. 2005),
diisiik su kalitesi (Calabrese vd. 2017)

e Maksimum stok yogunlugu belirlemede balik tliriiniin ihtiyaclarini dikkate alma
(McKenzie vd. 2012; Calabrese vd. 2017; Saraiva vd. 2022), uygun ekipman ve
besleme uygulamalari ile heterojen bilyiimenin engellenmesi (Boujard vd. 2002), sik
sik siniflandirmadan kaginma (Andrew vd. 2002; Iversen vd. 2005; FAWC 2014)

e Cevresel zenginlestirme (Carbonara vd. 2020; Kleiber vd. 2023)

e Otomatik yemlikler ve su kalitesi i¢in izleme (Galhardo ve Oliveira 2009; Liu vd.
2019; Alfonso vd. 2020)

® Balik boyuna uyumlu parti besleme gibi yenilik¢i besleme politikalar1 (Council of
Europe 2005; OIE 2019; Mustapha 2014)

® Baliklara zarar verebilecek keskin kose ve ¢ikintilar1 giderme (Council of Europe
2005)

Diisiik su kalitesi
Yiiksek stok yogunlugu,
hatali besleme ve balik
idaresi  nedeniyle su
kalitesi bozulabilir
(Alfonso vd. 2020)

» Suda oksijen yetersizligi, amanyok ve CO; artig1 (Kamali vd.
2022)

» Suda asili partikiilllerin solungaglara zarar vermesi ve kirlilik

(Ellis vd. 2002)

» Hastaliklarda artig ve verimlerde diigiis (Calabrese vd. 2017)

® Su akis hizinin arttirilmasi (Mustapha 2014)

e Uygun yemleme teknigi (Hastein vd. 2005; FAWC 2014) ve asir1 yemlemeden
kagmma (Council of Europe 2005)

® Stok yogunlugunun azaltilmasi1 (Kamali vd. 2022; Saraiva vd. 2022)

® Balik aktivitesinde artigkan kagimma (Turnbull vd. 2005; Calabrese vd. 2017)

Hastahiklar
Paraziter, bakteriyel ve
viral bulasici hastaliklar

balik refahin
distirmektedir.  Ayrica
irin  kalitesi ve halk
sagligi  yoniinden de
riskler meydana
gelmektedir
(McLoughlin ve Graham
2007; Cascarano vd.
2021)

» Etkinligi kanitlanmig ticari as1 ve veteriner ilaglardaki kisitlar
(OIE 2019; FAWC 2014)

» Asi adjuvanlarin ve veterimer ilaglarin yan etkileri (Damsgard vd.
2004; Broom 2007; McLoughlin ve Graham 2007)

® Bit ve bakterilerde ilaglara genetik direng artisi (Mordue ve Pike
2002; Zhou ve Gui 2018), tedavi ve dezenfeksiyon ile gevre
kirliligi, enjeksiyon ve ele alma stresi (Montero vd. 1999; OIE
2019), farkli su sicakliklari, immunsupresyon (Montero vd.1999;
Liu vd. 2019)

® Yiizgeg kesme ile numaralama (Hastein vd. 2005, Mustapha 2014)
® Genetik seleksiyon, rekombinat gen teknolojisi ve diger
biyoteknoloji uygulamalarina bagh saglik ve davranis problemleri
(yiizge¢ ve omurga deformiteleri, kardiyovaskiiler fonksiyon
bozuklugu, yiiksek 6liim oranlar1 (Forabosco vd. 2013; Stien vd.
2013; Zhou ve Gui 2018; Rajee ve Alicia 2019)

» DNA agilar1 gibi alternatif antiviral tedavilerin gelistirilmesi (Broom 2007; FACW
2014)

» Hastalik direncine yonelik se¢ilim (Zhou ve Gui 2018; Liu vd. 2019), parazit direncine
yonelik segici tireme (Stevenson 2007; Zhou ve Gui 2018)

» Siirdiiriilebilir yetistirme uygulamalar ile diisiik stres (Forabosco vd. 2013)

» Biyolojik kontrol yontemleri (FAWC 2014), invazif olmayan yeni tedavilerin
gelistirilmesi (Damsgard vd. 2004), hasta baliklar i¢in kafes tasarimlar1 (Gauy vd.
2023)

» Bagisiklik sistemini destekleyici takviyeler ve tiire 6zel diyet (Saraiva vd. 2022; Kose
vd. 2023), yemlerde mikrobiyolojik ve igerik kontrolleri (Mustapha 2014)

» Diisiik stok yogunlugu (Turnbull vd. 2005; Adams vd. 2007), baliklarda rekabetin
Onlenmesi ve etolojik ihtiyaclarin karsilanmasi (Kamali vd. 2022; Kleiber vd. 2023),
bilissel ve islevsel zenginlestirme (Ashley 2007; Galhardo ve Oliveira 2009, Kleiber
vd. 2023)

» Yiiksek su kalitesi ve pratik su kalitesi izlenme yontemleri (Ellis vd. 2002)

» Ilgili saglik verilerin diizenli kayds, ulusal veri tabanina veri girisi (FAWC 2014)
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Tablo 2. Akuakiiltiirde anormal balik davraniglar ile nakil ve kesimin balik refahina etkileri
Table 2. The effects of abnormal fish behaviors, and handling and slaughtering on fish welfare in aquaculture

Cevre Faktorleri

Tlgili refah problemleri

Balik refahimi arttirmak icin yaklasimlar

Anormal davramslar ve
yaralanmalar

Yiiksek stok yogunlugu,
kot su kalitesi ve idare
gibi nedenler saldirganlik
gibi anormal davranislara
neden olabilir. Fiziksel
gevre ve Dbaliklarla sik

e Sosyal streste artig (Montero vd. 1999; Cascarano vd. 2021; Saraiva vd.
2022), artan rekabet ve saldirganlik ile kiigiik baliklarin zarar gormesi
(Greaves ve Tuene 2001; Clement vd. 2005; Sara vd. 2010), yaralanma ve
sekonder enfeksiyonlarda artis (Turnbull vd. 2005; Ellis vd. 2002).

e Yiiksek aktivite ve Oy tiiketiminde artis (Anras ve Lagardere 2004), su
kalitesinde hizli bozulma (Turnbull vd. 2005; Ashley 2007; Calabrese vd.
2017)

® Sosyal hijerarjisinde ve grup i¢i varyasyonda artig (Greaves ve Tuene 2001;

® Diisiik stok yogunlugu (Gauy vd. 2023) ve siirdiiriilebilir su kalitesi
(Alfonso vd. 2020), duyussal ve biligsel uyarilari igeren barindirma
(Kleiber vd. 2023) ve cevresel zenginlestirme (Arechavala-Lopez vd.
2022; Kleiber vd.2023), rekabeti arttirici yemlemeden kaginma (Council
of Europe 2005), ayn1 yas, cinsiyet ve tiir baliklarin birlikte tutulmas,
heterojenitenin  engellenmesi, aktivitenin arttirilmasindan kaginma
(FAWC 2014)

® Pratik refah degerlendirme yontemlerinin gelistirilmesi (Hastein vd.

temasla yaralanmalar | Neiffer ve Stamper 2009) 2005; FAWC 2014), personel egitimi (OIE 2019), Acil Durum ve Afet
artmaktadir (Anras V€ e Stres toleransi, immundepresyon ve buyume kaylp]arl (Conte 2004; Plam (Mustapha 2014; FAWC 2014),An0rmal aktiviteyi arttirici proaktif
Lagardere 2004) Stevenson 2007; Mustapha 2014) uygulamalarindan kaginma(Mustapha 2014)

Nakil ® Yabanci ¢evre ve nakil uygulamalina bagli korku, kaygi ve stres artisi (Wang e Tasima kapasitenin asilmasi (Kurtoglu vd.2021), nakil 6ncesi sedasyon
Nakil nakil oncesi ve | vd.2006; Hvas vd. 2020) (Neiffer ve Stamper 2009), tiire gore ihtiyaglarin karsilanmasi, yeni nesil
sirasinda yakalama, | Yijkleme ve bosaltma sirasinda kotii balik idaresi ve hatali ele alma | nakil arag ve ekiman tasarimlarimi (Akdemir vd. 2022;FAWC 2014)
yiikleme, tagima, bosaltma | (Chandroo vd. 2004) e Hayvan dostu balik nakli igin standartlar, sertifikasyonlar ve
ve stoklama sirasinda e Balik tiiriine uygun olmayan yakalama, zapti-rapt ve nakil aragc ve | etiketlemenin gelistirilmesi (Lopez-Canovas vd. 2020), nakil sirasinda
baliklarda stres ve refah | ekipmanlari (Broom 2007; Shabani vd. 2016), yetersiz su kalitesi ve kalabalik | balik tiirene gére mevzuat ve rehberlerin gelistirlmesi, personel egitimi
kaywplart  gorilmektedir | tagima (Relic ve Markovic 2021;Akdemir vd. 2022) (OIE 2019; Gimenez-Candela vd. 2020), hayvan refahi goérevlilerinin
(Relic ve Markovic 2021; | Nakil sirasinda yaralanmalarin ve sonrasinda hastaliklarin artmasi (Iversen | bulunmasi (OIE 2019), nakilde balik refahi standartlar igin etkin izleme,
Kurtoglu ~ vd. 20215 | vd. 2005; Shabani vd. 2016), nakil éncesi uzayan toplulagtirma ve uzun | denetleme ve kontroller (Council of Europe 2005; FAWC 2014). Balik
Akdemir vd. 2022) yolculuk siiresi (Iversen vd. 2005; Ashley 2007; Relic ve Markovic 2021) hareketlerinin izlenmesi igin ulusal veri tabani1 (Council of Europe 2005)
Sedasyon, Kesim ve e Canli kesim ve oliime kadar bilincin agik olmasina bagh agri ve 1zdirap (Van |o Uygun sedasyon (Neiffer ve Stamper 2009), biling kaybinin ve 6liimiin
Oldiirme De Vis vd. 2003; Clemente vd. 2023), sedasyon ve biling kaybiin | izlenmesi (Anras and Lagardere 2004), tiire 6zel insancil sedasyon ve
Sedasyon ve Oldiirme | izlenmemesi, kesime bagl agri (ekipman, uzman, vs) (Relic ve Markovic | kesim teknikleri (Rob ve Kestin 2002) ile otomatik sedasyon sistemlerinin

yontemleri balik tiirlerini
farkli etkilemektedir.. Bu
uygulamalar baliklarda
dramatik refah kayiplarma
neden olmaktadir (Sara vd.
2010; Van De Vis vd.
2003; Clemente vd. 2023)

2021; Clemente vd. 2023), insancil olmayan sedasyon ve kesim yontemleri
(hava veya buzlu su iginde bogma, COz ile doyurulmus su i¢inde bekletme,
biling acik iken solungaglarin kesilmesi (Kestin vd. 1991; Van De Vis vd.
2003)

e Sedasyon ve kesim ig¢in hatali hayvan idaresi, baliklarin yere diismesi,
yaralanmas1 veya ezilmesi (Poli 2009; Sara vd. 2010; Relic ve Markovic
2021), deri, yiizgeg, kas ve kemik hasarlar1 (EFSA 2009).

e Stresli muameleler ile kas aktivitesinin artmasi, 6liim sonrasi viicuttaki
biyokimyasal siireglerin zarar gérmesi ve etin kalitesinde kayiplar (Morzel
vd. 2003; Relic vd. 2010)

gelistirilmesi (Sara vd. 2010)

® Kesim operatdrlerinin egitimi (Rob ve Kestin 2002; Mustafa 2014; OIE
2019), Standart Isletme Prosediirlerinin kullanimi (SOP'lar)(Lopez-
Canovas vd. 2020; Mercogliano ve Dongo 2023)

® Hayvan dostu balik kesimi igin standartlar, sertifikasyonlar ve
etiketlemenin gelistirilmesi (FAWC 2014; Lopez-Canovas vd. 2020)

® Kesim sirasinda hayvan refahi gérevlilerinin bulunmasi (OIE 2019)

® Kesimde balik refahi standartlart igin etkin izleme, denetleme ve
kontroller (Council of Europe 2005; FAWC 2014)
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denediklerinde stres tepkilerinin ve anestezi
indiikleme siiresinin azaldigin1 ve taze balik raf
omriiniin uzadigini goézlemlemislerdir. Iso-eugenol
tabanli anesteziklerin ayni amag i¢in Yeni Zelanda,
Avustralya, Sili ve Kore'de de kullanildigi
gorlilmektedir (Iversen vd. 2003). En yaygin sedatif
uygulama yontemi soliisyon icinde bekletmedir
ancak anastezik madde kas i¢i veya intravendz de
uygulanabilir. Genel olarak baliklarda anestezi ve
sedasyon uygulamalar1 diger omurgalilarda yapildig:
gibidir. Ancak baliklarda analjezi uygulamalarina
iligkin yapilan arastirmalar ¢ok azdir (Neiffer ve
Stamper, 2009). Diger yandan, sedatif kullanimu ile
iliskilendirilen  potansiyel riskler bakimindan
sedasyondaki baliklara dikkatli bir izleme yapilmasi
cok 6nemlidir (Lopez-Canovas vd. 2020).

3.3. Sedasyon, Kesim ve Oldiirme

Baliklarin  kesim sirasinda aci, sikinti veya
1zdiraptan korunmast Avrupa Birligi’nin
(EC)1099/2009 sayili yonetmeligi ile hiikme
baglanmistir. Ancak diger c¢iftlik hayvanlarindan
farkli olarak baliklar igin izin verilen kesim ve
oldiirme yontemleri belirtilmemistir. Buna karsin
Avrupa Komisyonu Yesil Anlagsmasinin Tarladan
Sofraya stratejisi ve hayvan refahi stratejisine gore
ilgili  mevzuatin  gézden  gecirilmesi  ve
giincellenmesine karar verilmistir (Clemente vd.
2023). Ayrica sedasyon, acil kesim ve oOldiirme
sirasinda balik refahinin korunmasina yonelik tavsiye
ve yonergeler bulunmaktadir (Council of Europe
2005; FAWC 2014; OIE 2019). Su diriinleri
yetistiriciliginde sedasyon ve kesim teknikleri ¢ok
gesitlidir ve bu tekniklerin her balik tiiriinde
olusturdugu tepkisel yanitlar da farklidir (Morzel vd.
2003). Bu nedenle baliklarin kesim ve 6ldiiriilmesi
amaciyla kullanilan yontemler sirasinda korunmasi

icin Diinya Hayvan Saglig Orgiitii
(WOAH, OIE olarak kuruldu) ve Avrupa
Gida Giivenligi Otoritesi (EFSA) tarafindan
tavsiye ve goriisler yayimlasmigtir
(Gimenez-Candela vd. 2020; Relic ve Markovic
2021).

Su riinleri yetistiriciliginde sedasyon ve

Oldiirmenin balik refahina etkileri Tablo 2 verilmistir.
Kesimden oOnce metabolik aktiviteyi azaltmak,
yiikleme ve nakil sirasinda oksijen talebini azaltmak
i¢cin 72 saatte kadar degisen siirelerle yem ¢ekme ve
baliklar1 a¢ birakma islemi uygulanabilmektedir
ancak bunun balik refahina etkilerine iliskin bilgiler
oldukca azdir. Yakalamak icin yapilan toplulastirma
baliklar arasinda ve ag ile olan temasi ve fiziki
hasarlar1 arttirilabilir ve bu siirenin en fazla 2 saat
olmasi Onerilmektedir. Genellikle hasada kadar
gelisemeyecek yavru baliklar i¢in ve hastalik
kontrolleri i¢in hasta baliklarin 6ldiriilmesi gereken
acil durumlarda Oldiirme islemi yapilmaktadir
(FAWC 2014).

Sedasyon yapilmadan kesim ve Oldiirme
sirasinda baliklar giiclii bir sekilde miicadele edebilir.
Baliklar biiytik kan damarlar1 kesildiginde tam biling
kaybina kadar 15 dakika veya daha fazla bilingli
kalabilirler, ac1 ve 1zdirap hissedebilirler (Van De Vis
vd. 2003). Iyi bir kesim y&ntemi balik i¢in daha az
act ve 1zdiraba neden olmalidir (Mustapha 2014).
Nakillerde oldugu gibi, kesimden o6nce sedasyon
islemi baliklarda kesim ve 6ldiirmeye bagli olusan
stresi ve 1zdirabi azaltabilir. Ancak sedasyon etkinligi
iyi izlenmelidir. Uygulayicilar ~ baliklarda
operkulumun ritmik hareketi, vestibiil-okiiler
refleksi, yiizme, dik durmaya veya dengeyi yeniden
kazanmaya c¢alisma gibi belirtileri ayirt edebilecek
sekilde egitilmelidir ve bu belirtiler en az 10 dakika
stiresince goriilmediginde baligin Olimii
dogrulanmalidir. Bu islemi biiyiik gruplar halindeki
baliklar igin saha kosullarinda gergeklestirmek ise
¢ok zordur (Clemente vd. 2023).

Somon ve daha biiyiik alabaliklar i¢in insancil
sedasyon ve Oldlirme yontemi mekanik perfiizyon
bayiltmadir. Bu amagla otomatik perfiizyon bayiltma
giderek yayginlagsmaktadir. Perfiizyon bayiltma ve
Oldiirme i¢in darbe, bagin {iistiine, gozlerin hemen
arkasma uygulanmalidir (FAWC 2014). Mekanik
sedasyon yonteminde serbest bir mermi veya beyine
penetre olan bir igne kullanilarak balik beyninde geri
doniigiimsiiz bir tahribat saglanmakta ve balikta
siddetli bir beyin sarsintisi ve beyin disfonksiyonu
olusturulmaktadir (Relic ve Markovic 2021).
Mekanik sedasyon yontemleri sazan, alabalik ve ton
baligi icin Onerilmistir (OIE 2022). Manuel
perfiizyon bayiltma isleminin 6zellikle ¢ok sayida
balikta uygulandigi durumlarda uygulayicinin
islemin dogrulugunu siirdiirebilmesi ¢ok 6nemlidir.
Personel egitimi de dahil olmak iizere, otomatik
perkusif sedasyon cihazlar1 balik refahinin artmasina
katki yapabilir. El degmeden, baliklarin kanal
girigine yonlendirildigi sistemlerde uygun olmayan
boyutlardaki baliklarin ayiklanmasi ve manuel olarak
bayiltilmasi cok onemlidir (Ashley 2007). iskandinav
alabaliklar1 i¢in genellikle 6zel olarak tasarlanmig
mekanik bir sedasyon cihazi baligin hizla bilincini
kaybetmesi ve Oliim anina kadar Oyle kalmasina
yetecek giicte tek bir vurus saglamaktadir (Van De
Vis vd. 2003). Diger bir sedasyon yontemi kiigiik
baliklara uygulanan elektrikli sedasyondur. Elektrikli
sedasyon baliklarin i¢inde bulundugu suya elektrik

akimi1 verilerek (elektronarkoz) veya elektrigin
dogrudan baligin basina uygulanmasiyla
(electrocution)  yapilmaktadir  (EFSA  2009).

Dogrudan basa uygulanan elektrikli sedasyon
yontemi sazan, yilan baligt ve somon baligi igin
onerilmistir (EFSA 2009; Relic ve Markovic 2021;
OIE 2022; Clemente vd. 2023). Dogru
uygulandiginda hizli bir sedasyon saglayan bu
yontemde diisiik voltaj uygulamalar1 baliklarda felg
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durumuna neden olurken yiiksek voltaj uygulamalari
ise  kanama, kas ve  kemik  hasarlan
olusturabilmektedir (Van De Vis vd. 2003; Clemente
vd. 2023). Baliklarin viicudunun tamaminin elektirik
akimu verilen suyun i¢inde olmasi, sedasyon tankinin
tiimiine homojen bir elektirik akiminin gitmesi veya
yar1 kuru uygulamada elektrigin baligin basinin her
iki tarafina uygulanmasi c¢ok Onemlidir. Ashley
(2007) dogru uygulanan perfiizyon veya elektrikli
bayiltma yontemlerinin Atlantik somonu (S. salar
L.), kalkan (S. maximus L.) ve gokkusagi alabalig
(O. mykiss) gibi baliklarda insancil kesim
gereksinimlerini karsilayabildigini bildirilmistir.

Sudan cikarilarak hava veya buzlu su iginde
bogma (asfiksasyon) baliklar igin ¢ok streslidir
(FAWC 2014) ciinkii sudan c¢ikarilmis ve havaya
maruz kalmis baliklar solungaglarinin ¢okmesi
nedeniyle oksijen alamaz (Relic ve Markovic 2021).
Baliklar buzlu su igine birakildiklarinda ise hizli ve
yogun bir soguma gergekleseceginden kas felcleri
meydana gelmektedir (Roth vd. 2006) ve ¢ok rahatsiz
edici bu uygulamayla baliklar maksimum stres
yanitlarmin egliginde siddetli kacis davraniglari
sergilemektedirler (Robb ve Kestin 2002; Ashley
2007). Gokkusagi alabaligi (O. mykiss) kesiminde ise
Olime kadar siiren 14 dakikalik siirede stres
yanitlarmin devam ettigi bildirilmistir (Kestin vd.
1991; Van De Vis vd. 2003). Sazan baliklarinda
ozellikle disiik ¢evre sicaklig1 ve yiiksek nem orani
kosullarinda  aynm1  yOntemlerin  kullanilmasi
durumunda O6liime kadar gegen siirenin daha da
uzadigr belirlenmistir (EFSA 2009; Relic ve
Markovic 2021). Somon ve alabaliklarda CO;
doymus suya batirilarak yapilan Sldiirme isleminin
sedasyon ve beyin fonksiyonlarinda kayba neden
oldugu ancak biling kaybinin birka¢ dakika daha
siirdiigli ve baliklarda ciddi strese ve et kalitesinde
kayiplara neden oldugu goriilmiistiir (Van De Vis vd.
2003; Clemente vd. 2023). Bu nedenle acil durum
oldiirmeleri disinda bu yontemin kullanim1 giderek
azalmaktadir. Sedasyon yapilmadan solungaglarin
kesilmesi yontemiyle yapilan kesim iglemi Gliime
kadar bilincin agik olmasi nedeniyle 1zdiraplidir
(Clemente vd. 2023).

Balik tiirii ve yetistirme kosullarina gore en
uygun sedasyon ve kesim yoOntemi secilmeli ve
egitimli  personelin  takip edecegi  Standart
Operasyonel Prosediirler (SOP'lar) kullanilmalidir
(Kestin vd. 1991; Robb ve Kestin vd. 2002; Broom
2007). Tim sedasyon ve oldiirme yontemleri tek
seferde ve hatasiz uygulanmali, tam biling kaybi
olusmus baliklar i¢in kesim veya oldiirme islemi
hizla yapilmahdir. Kesim igin keskin bigaklar
kullanilmalidir (OIE 2022).

Baliklarin  yakalanmasi  sirasinda  personel
muameleleri veya kullanilan ag baliklara zarar

vermemelidir. Ayrica baliklarin ag ve bekleme
tanklarindan diismesi, baliklarin bos konteynerlere
konulmasi veya ¢ok sayida baligin iist iiste konulmasi
gibi hatali uygulamalar deri abrazyonu, yiizgec, kas
ve kemik hasarlari, yiizge¢ i¢indeki gaz basincinda
ani degisiklikler ile ezilme ve dliimlere neden olur ve
baliklar ac1 ve 1zdirap hissedeler (EFSA 2009).
Kesimden once baliklarin iki saatten fazla siireyle
sikisgtirilmamasina ve kalabalik sekilde
tutulmamasina dikkat edilmelidir. Ayrica sedasyon
ve kesim sirasinda ekipmanlarin kullanimindan
kaynaklanan ani giriiltii bekletme tankindaki
baliklari ciddi sekilde rahatsiz edebilir (Clemente vd.
2023). Insan tiiketimi igin yetistirilen baliklarm
kesim ve Oldiiriilmeleri sirasinda maruz kaldiklart
stresli muameleler kas aktivitesinin artmasina, 6liim
sonrast viicuttaki biyokimyasal siireglerin zarar
gormesine ve etin kalitesinde kayiplara neden olur
(Relic vd. 2010). Anestezi ile sedasyon altinda
yapilan kesim et kalitesini de arttirabilir (dinlenmis
hasat) (Van De Vis vd. 2003).

4. Baliklarda Refahin Degerlendirmesi

Baliklarda  refahin  degerlendirilmesi  i¢in
kullanilan parametrelere refah gostergeleri denir ve
cesitli refah gostergeleri hem balik refahinin
degerlendirilmesindeki isabet diizeyi hem de 6l¢iim
ve degerlendirme kolayligi bakimindan farklilik
gostermektedir. Hayvan tabanl refah gostergeleri tek
bir baligin davranisi, deri ve ylizgeglerinin durumu
ile saglik durumu gibi gézlemlere dayanabilir veya
bir grup baligin grup davranisi, 6liim orani veya suda
kan ve pullarin varhigi gibi grup goézlemlerine
dayanabilir (Relic vd. 2010). Grup halindeki
baliklarin grup egilimi ve davraniglari, grup istahi ve
6liim oran1 gibi grup seviyesinde yapilan gézlemlere
dayanan sonug¢ tabanli refah gdstergelerine grup
tabanli refah gostergeler denir (Poppe vd. 2002).
Balik stok yogunlugunun yiiksek oldugu bir
yetistirme sistemi i¢indeki tiim baliklar1 sonug tabanl
gostergelerle degerlendirmek giictiir. Ancak ciftlik
seviyesinde balik refahinin pratik bir sekilde ve kisa
siirede degerlendirilmesi i¢in operasyonel refah
gostergeleri  tercih  edilmelidir. Ayrica refah
degerlendirmesi icin bir laboratuvar veya diger
analitik  tesislere  erisim  gerektiren  refah
gostergelerine  ise laboratuvar tabanli refah
gostergeleri denmektedir (Dawkins 2004; Hastein vd.
2005).

Baliklarda refahin degerlendirilmesine iligkin
sema veya protokollerin gelistirilmesinin heniiz
basinda bulunulmaktadir. Ilk olarak RSPCA
tarafindan 2002 yilinda Atlantik somonu (Salmo
salar) i¢in ve 2014 yilinda gokkusag alabaligi igin
refah standartlar1 tanimlanmigtir (Noble vd. 2018).
Hayvan dostu balik tiretimi i¢in balik refahini garanti
eden standartlar bireysel girisimciler (Carrefour
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sertifikas1)) veya 0Ozel sektor isletmelerinin  durumu ve deri durumu gibi bir dizi refah
olusturdugu ittifaklar tarafindan  gostergelerinin kullanilmasina dayanmaktadir (Stien
gelistirilebilmektedir (Global G.A.P akuakiiltir =~ vd. 2013). Balik sagligi profesyonellerince
sertifikasyonu). Ayrica kar amact bulunmayan  gelistirilen bir set kullanarak resmi ve standart bir

hayvan aktivisti kuruluglar tarafindan belirlenen
ticlincli taraf standartlar da bulunmaktadir (Diinya
Hayvan Koruma ve Insancil Kesim Dernegi
yonergeleri; WWF su drilinleri  yetistiriciligi
diyaloglar1 ve standartlari; Dolphin Dostu, vs) (Reis
vd. 2021). Kiiresel eko etiketleme alaninda diger bir
Oonemli girisim vahsi av balik¢ilig1 alaninda Marine
Stewardship Council (MSCO) tarafindan
gerceklestirilmistir (Honneland 2020). Yine kiiresel
olgekte sekiz biiyiik su triinleri isletmesi tarafindan
kurulan Deniz Uriinleri Isletmeleri icin Okyanus
Sorumlulugu (SeaBOS) standartlar1 da
bulunmaktadir (Reis vd. 2021). Sadece tiire 6zgii
balik refahi standartlar1 gelistiren girisimler de
bulunmaktadir. Bunlara 6rnek olarak Label Rouge,
RSPCA Assured, Red Tractor, Soil Association (Reis
vd. 2021), Aquaculture Stewardship Council (ASC)
ve Best Aquaculture Practices (BAP) sayilabilir.
Ayrica Avrupa Gida Giivenligi Otoritesi (EFSA) ve
Hayvan Saglig1 ve Refahi Bilimsel Paneli (AHAW)
balik sagligi ve refah1 konusunda bagimsiz bilimsel
tavsiyeler yayinlamistir (Reis vd. 2021).

Atlantik Somonlarinda kafes yetistirme sistemini
degerlendirmek iizere "welfare meter" degerlendirme
protokolii  gelistirilmistir  (Turnbull vd. 2005;
Mustapha 2014). Gokkusagt alabaliklar
(Oncorhynchus mykiss) i¢in dis morfolojik hasarin
degerlendirilmesine  dayali bir balik refahi
degerlendirme endeksi (fWEI) akiskan sistemlerde
bliyime sirasinda  kullanilan  giivenilir  ve
uygulanabilir ciftlik gostergelerinin
degerlendirilmesini amaglamaktadir. Buna gore,
potansiyel ¢iftlik refah gostergeleri, ¢evresel (suyun
temini, degisimi ve kalitesi) ve yOnetim
parametrelerini (stok yogunlugu, besleme sikligi),
davranig ve saglik gozlemlerini (hastalik ve kotii
refah1 gosteren davraniglar, sosyal davranis, aktivite
diizeyi) ve dis morfolojik hasar1 (deri, yiizgeg, goz,
solunga¢ hasari, iskelet deformiteleri, zayiflik)
igermektedir. Farkli siddet derecelerinde bozulma
iceren fotografli goriintiiler kullanilarak
degerlendirilen dis morfolojik hasar, hizli ve maliyeti
olmayan bir yontemdir. Bu indeks (fWEI) balik
yetistiricileri, veteriner hekimler, sertifikasyon ve
izleme programlar tarafindan kullanilabilir (Weirup
vd. 2022).Somon refahi endeksi modeli (SWIM 1.0)
mevcut en uzun modeldir ve somon ¢iftliklerinde su
sicakligr ve tuzluluk diizeyi, oksijen doygunlugu, su
akis hizi, stok yogunlugu ve aydinlatma gibi ¢evresel
parametrelerden baska baliklarda rahatsizlik, 6lim
orani, istah, deniz biti enfestasyon orani, kondisyon
skoru, zayiflama durumu, omurga deformitesi,
olgunlasma ve smoltifikasyon durumu, yiizgeg

balik refah1 degerlendirme yontemi olarak tasarlanan
SWIM 2.0 ise SWIM 1.0'1 tamamlamaktadir. SWIM
2.0’ de kullanilan gostergeler gozler, kalp, karin
organlari, solungaclar, operkiiler, iskelet kaslarin
durumu ile asiyla ilgili patolojiler, balik
anormallikleri, Otenazi ve olii baliklarin otopsi
bulgularim kapsamaktadir (Stien vd. 2013).

5. Sonu¢

Son yillarda hizla biiyliyen su iiriinleri
yetistiriciliginde c¢ok sayida balik tirti farkl
sistemlerde yetistirilmektedir. Baliklarin
evcillestirilme siirecinin heniiz basinda oldugu,
akuakiiltir ve balik arasindaki etkilesimlere dair
mevcut bilgilerin de yetersiz oldugu dikkate
alindiginda diger ¢iftlik hayvanlaria gore baliklarda
refah ihtiyaclarinin daha fazla oldugu goriillmektedir.
Balik yetistiriciliginde su kalitesi, yiiksek stok
yogunlugu ve hastaliklarin en oOnemli refah
problemleri oldugu anlasiimaktadir. Ozellikle biiyiik
baliklarin kesimi i¢in yapilan nakiller ile sedasyon
yapilmaksizin  yapilan  6ldirme  ve  kesim
uygulamalarinin balik refahi bakimindan o6nemli
diger riskler oldugu anlasilmaktadir. Baliklarin
Onlenebilir ac1 ve 1zdiraptan korunmasina iliskin
yonetmelikler bulunmakla birlikte tiire 0zgi
ihtiyaclar temelinde kapsamli ve detayli balik refahi
mevzuati veya rehberleri bulunmamaktadir. Benzer
sekilde, baz1 yeni girigsimlere ragmen, balik refahinin
degerlendirilmesi ve izlenmesi i¢in ¢iftlik diizeyinde
ve hayvan tabanli parametreleri igeren etkin
protokoller de yoktur. Ancak akuakiiltiirde diisiik
balik refah1 hem iretim kapasitesini ve iiriin
kalitesini olumsuz etkilemekte hem de tiiketicilerin
konuya iliskin ilgi ve endiseleri artmaktadir.
Suirdiirtilebilir su {irlinleri yetistiriciliginin gelisimi
icin bir sonraki asama, yiiksek balik refahi kalite
standartlarinin ~ kiiresel =~ pazarlarda  avantaj
olusturabilmesi i¢in hayvan ve ¢evre dostu
etiketlemenin bir standardizasyona dogru evrilmesi
olacaktir. Tiirkiye’nin su {iriinleri {iretimi alt yapisi ve

dogal su kaynaklariyla sahip oldugu iiretim

potansiyelini yiiksek balik refahi ile destekleyerek

kiiresel rekabet giiclinii arttirllabilecegi

diistintilmektedir.
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