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Abstract

The present study aims to evaluate production trends between Turkish and Greek marine
aquaculture activities with focus on human resources by population growth. Both Tiirkiye and
Greece are the main drivers of marine aquaculture industry in the southern European Seas
according to FAO statistics, with a remarkable supply of marine fish to meet the growing food
demand of the drastically increasing world population. In regards to growth trends and
economic performance, human resources play an important role for the continuity of the
sustainable development, and safety of the aquaculture industry. Two main fish species in
production, namely Gilthead seabream (Sparus aurata) and European seabass (Dicentrarchus
labrax) were used for the comparative evaluation of growth trends and value indices with
superimposed figures on population growth over the last two decades from 2003 to 2023. Greek
marine fish harvest increased by 1.54-fold between 2003-2023. The figure for the Turkish
aquaculture showed 8.35-fold increase for the same time span. Even though Greece recorded
52.79% higher fish production in 2003 compared to the Turkish marine harvest, the latter
supplied 34.84% higher fish harvest in 2023, compared to the Greek production. In regards to
economic gains, Turkish production of seabream and seabass was 2.86-fold of the Greek
production for the same species in 2023. The correlation between fish harvest yields and
population growth for the Turkish aquaculture was remarkably strong (R= 0.938). Greece
however demonstrated a negative correlation of R=-0.667 for the same variables investigated.
The results of this study indicate that not only production volume but also human resources
play a significant role in production gains. Besides a variety of factors influencing aquaculture
production, human resources may create a rupture in a competitive environment, which is
encouraged to be considered in the management and production planning of aquaculture
enterprises.
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Introduction

Mediterranean aquaculture plays a significant role in meeting the growing demand for food in
the world and holds an important position in the European market for aquaculture products
(Papageorgiou et al., 2021). According to FAO statistics, Greece and Tiirkiye stand out as the
major producers with the highest aquaculture harvest value among EU countries. Out of a
variety of marine fish species, the gilthead seabream and European seabass are the main two
species in the Mediterranean aquaculture supplied to the international market. In the Turkish
aquaculture sector, total seabream and seabass production (314,813 tons) constitutes
approximately 64% of total European production, while the amount for these two species
harvested from Greek farms (109,674 tons) comprises around 22% of total European production
(490,246 tons) (Food and Agriculture Organization, 2025a). The aquaculture industries of
Greece and Tiirkiye produced more than 86% of the total seabream and seabass production in
Europe in 2023. The proportional shares of Turkish and Greek aquaculture sector, in terms of
production yields were estimated as 64% and 22%, respectively. Both the increase in the world
population and the increasing awareness of the health benefits of fish consumption are leading
to an increase in the demand for marine fish (Kidane and Brakkan, 2021; Lund, 2013).
Although there are various searches to meet this increasing demand in the world, considering
the state of fish stocks in the seas as a result of overfishing (Naylor et al., 2021), the rise of the
aquaculture sector indicates that it will play an important role in eliminating this deficit.

In recent years, marine cage farms in the Mediterranean have been moved from sheltered
coastal areas to the open seas and are in continuous development with the use resistant cage
systems under harsh sea conditions in exposed open sea. Thanks to the developments of marine
technologies, new equipment has been introduced in marine cage aquaculture in both Tiirkiye
and Greece. However, it is stated that with the increase in aquaculture, especially the expansion
of net cage systems to wider areas, issues such as environmental impacts need to be monitored
more carefully and may bring new challenges for the human being (Martinez-Porchas &
Martinez-Cordova, 2012). Among several factors affecting farm success, such as consumer
preferences, labelling, packing, nutritional value of fish, of which the main factors influencing
fish price are product quality and fish size (Maciel et al., 2013; Ike-Obasi, 2021). Further
packaging, nutritional quality and the availability of the product on shelfs are important key
issues affecting the price and market value of the product (Maciel et al., 2013). Therefore,
marketing strategies along with product quality in combination with links to consumer
confidences can result in increase of economic gains in the international market. However,
human resources are a crucial issue that is often overlooked, and it is anticipated that the
shortage of manpower will soon a challenging issue, especially in manpower-based food sectors
like aquaculture, as earlier underlined Engle et al. (2019) and van Senten et al. (2020a,b), who
addressed that human resources will be one of the biggest problems in the near future for the
sustainable growth of the aquaculture sector, which plays an important role in meeting the
increasing food demand.

As production capacities in fish farms continue to increase, the structural characteristics and
volumetric dimensions of cage systems also increase. Therefore, visual technologies for
monitoring fish within large cage volumes or electronic devices for water quality measurement
are being used to monitor fish health and welfare, as well as farm safety. Blaalid (2008)
underlined that visual control of fish in marine cages needs underwater vision as surface
monitoring can be problematic in larger cage constructions. The author also noted that with
eye-vision only 0.2% of the total cage volume might be observed in a cage with 100m diameter
and about 160 m circumference. Greece and Tiirkiye the two key producers of Gilthead
seabream and European seabass supply a remarkable amount for the international market and
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there is a strong competition among these two main producers, striving for new market
opportunities while protecting the present market position. Therefore, human resources may
create a rupture in this competitive environment, that needs to be considered in production
planning and management of the aquaculture enterprises.

This study focuses on production increase from marine aquaculture harvest of gilthead
seabream and European seabass aquaculture in Greece and Tiirkiye, alongside the effects of
human resources by population growth, an important indicator for the sustainable development
of the Marine aquaculture industry in the Mediterranean.

Materials and Methods

Production in quantities of gilthead seabream and European seabass in Greece and Tiirkiye for
the last two decades from 2003 to 2023 were obtained from FAO online statistical query panel
(Food and Agriculture Organization, 2025a, b). Variables used in the study are given in means

+ SD. Percent increase of production quantities has been estimated by the formulae given by
Yigit and Kusku (2022), Yigit et al. (2023), and Yigit (2025):

(FYfh—IYfh)

PPl = 7

x 100 (1)

PPI: percent production increase of fish in tons
FYfh: fish harvest of final year in tons
I'Yth: initial year fish harvest in tons

PGR = (Pfin'—Pini)

x 100 3)

PGR: relative population growth
Pfin: initial population
Pini: final population

Statistical analyses

Correlation between population increase and fish harvests for both countries involved in this
study, has been carried out with a MacBook Pro, macOS Big Sur (11.7.3), running a Microsoft
Excel program for Mac, according to the following formulae:

Correl (X,Y) :J (Z(x—;?(yz ) ~ 4)
Xx—-x) X (yv- vy

where, x and § represents the sample mean values for the two different series, set as annual
production increase for Serie 1, and annual population increase in the investigated countries for
Serie 2.

Results and Discussion

Gilthead seabream and European seabass are the main two species cultured in marine fish cage
systems in the Mediterranean according to FAO statistics. In the Turkish aquaculture, the
production quantity of these species together comprises 64.22% of the European production
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with accounts for 314,813 tons, whereas Greek harvest of these species’ accounts for 22.37%
of the total production in Europe, that stands for a yield of 109,674 tons, out of the total
European harvest of 490,246 tons in 2023 (Food and Agriculture Organization, 2025a). Greece
and Tiirkiye together produced more than 86% of the total European production of seabream
and seabass in 2023. The share between the two main producers was 64.22% and 22.37% for
Tiirkiye and Greece, respectively (Figure 1).

In 2003, seabream and seabass production in Greece aquaculture was 52.79% higher compared
to the Turkish production. In 2008 however, the harvest yields almost equalized with 86,993
tons supply from Greece and 80,940 tons from Tiirkiye, which showed a continues increase
over the following years, with nearly 2-fold higher yield (53.26%) compared to the Greek
production in 2018, and 34.84% higher harvest than the Greek production in 2023. These
declines may have been due to disruptions in the market chain. The closures and lock-downs,
particularly during the COVID-19 pandemic, may have disrupted the trade network. Further,
conflict between Ukraine and Russia may have also caused market contraction. This however
needs further clarifications with detailed assessments. The production increase of seabream and
seabass over the last two decades were recorded as 53.52% and 734.67% for the Greek and
Turkish harvest, respectively (Figure 1). The total production of seabream and seabass as a total
of Greek and Turkish production compiled, has been compared with the total European
production of these two species, and the trends are given in Figure 2.
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Figure 1. Production trend of gilthead seabream + European seabass, 2003-2023. Figure has
been produced from data provided by the Food and Agriculture Organization (2025a)

The economic gain from seabream and seabass production in both Greece and Tiirkiye over the
last two decades, is shown in Figure 3. The production value of seabream and seabass produced
in Greece was 55.49% higher than the economic return that Turkish fish farms gained in 2003.
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Figure 2. Percent of total European seabream + seabass production, 2003-2023. Figure has
been produced from data provided by the Food and Agriculture Organization (2025a)

Considering the drastically growth of the Turkish aquaculture, the catch-up occurred in 2012
and the Turkish aquaculture surpassed Greek aquaculture in terms of economic gains over the
following ten years and reached a value of US$ 1,867,703.52, that is 35% higher economic
income compared to the Greek economic return of US$ 653,967.62 in 2023 (Figure 3).

In 2003, the economic return on the market from seabream and seabass fish marketed from
Greek farms was 39.2% higher than the economic return from the same fish species in Tiirkiye.
In subsequent years, economic return in Tirkiye increased, reaching a value 43.7% higher than
that of Greece in 2023. Despite some fluctuations over the last 20 years, the overall increase in
economic return was 1.53 times for Turkish production and 0.53 times for Greek production.
Between 2003 and 2023, economic return increased alongside the increase in production on
Greek and Turkish farms. This can be interpreted as an indicator of the continued upward trend
in demand in the international market.

It has been reported that low production cost, low distribution and logistics costs, and improved
production technologies has boosted the success of aquaculture with the actual prices presently
lower than one-third compared to 25 years ago for salmon and shrimp (Asche, 2015). This
phenomenon was also reported for the Turkish salmon production, where higher value increase
(10-fold) was reported with lower quantity growth (6.6-fold) during the past 27 years (Yigit et
al., 2023). However, this phenomenon was not seen in the Greek and Turkish seabream and
seabass operations, which have shown consistent increases in both production yields and values
during the past 20 years (Figure 1 and 3).
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Figure 3. Production value of gilthead seabream + European seabass (2003-2023). Figure has
been produced according to data provided by FAO (2025b).

In 2003, the proportional distribution of the total production value from the harvest of both
seabream and seabass in European countries ($US 760,893,870) between Greece and Tiirkiye
was 41.8% and 23.19%, respectively. Along with the remarkable production increase in Turkish
aquaculture, this situation reversed in 2023, and 21.69% of the total production value in Europe
($US 3,015,489,830) was obtained from farms in Greece, while 61.94% of the total production
value in Europe was brought to the Turkish economy (Figure 4).
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Figure 4. Percent share of total European production by Tiirkiye and Greece for Gilthead
seabream + European seabass (2003-2023). Figure has been produced according to data
provided by FAO (2025b).

AQUATIC
|@ ® 16 @ ARIMAL
REPORTS



Yigit, Aquaculture Trends in Tiirkiye and Greece Aquatic Animal Reports 4(1) (2026) 11-20

The continuous increase in the production value of seabream and seabass produced in Tiirkiye
and Greece indicates high consumer demand and market confidence in Turkish and Greek fish.
This is consistent with the relationship between increased trust and demand and price increases
noted by Mutambuki (2014). Mutambuki (2024) states that a high market share of a well-known
and trusted brand triggers the perception of superior quality among consumers, which plays a
significant role in consumer preferences. In this context, exporting countries with already high
market shares can be considered to be in a stronger position to set prices for their products,
relying on brand equity. This is consistent with Feucht and Zander (2017), who noted that
consumer preferences in European countries tend to pay a higher price for high-quality fish,
and this is directly related to sustainable production practices.

Evaluating the population growth rates in both countries over the past two decades, Greek
population was reported as 10,918,471 in 2003, that over the years declined by 6.19% to
10,242,908 in 2023. On the contrary, Turkish population increased from 78,750,201 to
87,270,501 between 2003-2023, showing a 28.66% increase.

While the average age of Turkey's population is 33.5, in Greece it is 46.8. This suggests that
the Turkish population is younger than the Greek population and may be more likely to be
employed in the aquaculture sector, particularly in the coming years (Worldometer, 2025a, b)
(Figure 5).
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Figure 5. Population increases in Greece and Tiirkiye (2003-2023). Figure produced using data
provided by Worldometer, 2025a, b). PGR: population growth rate.

The fact that Turkey's population is expected to be approximately 8.5 times larger than Greece's
in 2023, and that the proportion of young people is particularly high, is considered a significant
advantage for the sustainability of the aquaculture industry. Manpower is one of the most
important factors affecting the success of the aquaculture business, and the lack of human
resources recently has been underlined as a challenging matter for fish farms globally (Engle et
al., 2019; van Senten et al., 2020a, b). Yigit (2025) also underlined that a rupture in the
production trends, because of either limited human resources or disruptions in trade chain can
severely influence economic indicators of the aquaculture business. Therefore, a broader
selection of well-educated and experienced personnel, and the attraction of young people,
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particularly, to the aquaculture sector, are also seen as promising for the future of the Turkish
aquaculture industry.

In regards to the correlation between the production quantity trends and human population
growth over the last two decades from 2003 to 2023, a strong correlation has been noted for
Tiirkiye (R= 0.93841616), whereas a negative correlation was found for Greece (R= -
0.66671143) (Figure 5), an indication that the increase of fish production in the Turkish
aquaculture is strongly related to the population growth of the country, that is in agreement with
earlier reports of Yigit and Kusku (2022) and Yigit (2025). Interestingly however, a negative
correlation was found for Greece, an indicating that the relationship between the two variables
investigated here moved in opposite directions, with one showing an increase while the other
variable presenting an increasing trend.

In earlier investigations, it was underlined that populations with high mean age rates may lose
enthusiasm and excitement for nature-related work environment, particularly in industrialized
and developed countries (Erwin & Richard, 2002). Findings in the present study is in line with
earlier reports of Yigit and Kusku (2022) and Yigit (2025), who noted that countries with
increasing populations may have higher opportunities for the selection of young employees in
nature-linked work environments such as fish farms, as it was addressed for the Turkish
aquaculture development. Considering the high average age in Greece, however, it can be
predicted that the increase in Greek aquaculture production may face long-term challenges with
manpower concerns. Further investigation on these conditions is encouraged with focus on food
safety indices and indicators, that is believed to influence the Mediterranean aquaculture
developments in the future.

Conclusions

In conclusion, the production increase is dependent on a variety of factors, such as marketing
and branding strategies, technological developments, feed quality and costs, political support,
education level, etc., among which however human resources are most overlooked and need to
be considered for the continuous development of the aquaculture industry, particularly in
sectors relying on manpower. Considering the lack of manpower, a challenging issue for the
future of the aquaculture sector, human resources by population growth is suggested to be
considered in the management and planning strategies to ensure sustainable growth of the
aquaculture industry in the future.
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