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Abstract

Hookah diving is a traditional fishing method based on the hand collection of commercial benthic organisms.
Fishers continue their profession without paying attention to their physical health and psychophysical fitness.
Ignoring the diving safety and decompression rules underwater, using improvised diving systems, and
economic concerns carry risks that can result in death. The long-term sustainability of work depends on
nations’ ability to control fishing practices and promote good management. This study discusses the current
situation of hookah divers in Turkey based on official statistics from the ministry and face-to-face interviews
with hookah divers. The data were subjected to strengths, weaknesses, opportunities, and threats (SWOT)
analysis and synthesised with the literature for strategic analysis. The sector’s contribution to the national
economy, economic satisfaction of divers, and supporting rural employment were evaluated as strengths. Lack
of expertise in the professional career and complex laws were identified as threats that require urgent
solutions. Multidirectional national efforts are needed for sustainable fishing, including stakeholder
networking, diving safety, hookah equipment, underwater fishing strategies, training curricula and professional
career development. Our findings offer strategic and planning approaches for the sustainable development of
hookah diving in Turkey.
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1 | INTRODUCTION

Humanity has been diving underwater since ancient times
for both sportive and commercial reasons. Hookah diving
is a commercial fishing method based on gathering com-
mercial benthic organisms from the seabed and passed
down from generation to generation in small-scale fisher-
ies (Barbosa-Filho et al. 2020). The target species are
shellfish and various invertebrates, usually found in
coastal and shallow waters (Huchim-Lara et al. 2016).
Fishers use various tools (hooks, spatula, wedges, knives,
etc.) and techniques to collect the target species under-
water (Pet-Soede and Erdmann 1998). Hookah diving
makes important contributions to ecosystem-based sus-
tainable fisheries. It has a much lower ecosystem impact
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than some fishing methods (trawls and gill nets), which
are significantly responsible for bycatch and destructive
benthic impact (Aydin et al. 2016). Traps and lift nets
tried as alternatives were not satisfactory in terms of
catch efficiency (Altinagac et al. 2004; Sahin 2004; Saglam
et al. 2017). Divers display gathering behavior focused
solely on the target species and tend to collect large size
individuals of high economic value (Aydin et al. 2016).
Due to its high economic benefits, hookah diving is a
growing activity in many regions in Asia, Africa, Latin
America, the Pacific and the Caribbean (Buonfiglio and
Lovatelli 2023).

Hookah diving, which started with sponge harvest-
ing in Turkey, dates back more than 5000 years in the
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Aegean and Mediterranean Sea (Pronzato and Manconi
2008). Continuous fishing pressure on natural marine
sources has caused overexploitation of stocks, and with
the reductions, fishers have started to turn to different
fisheries methods (Demirel et al. 2020). With its versatile
advantages and strengths, hookah diving has become a
traditional fishing method that has been passed down for
generations. Fisheries are primarily performed with
hookah systems, and small-scale fishers have developed
boats and diving systems based on this method. Fishery is
concentrated on clams, aquadis, various mussels, whelk,
sea cucumbers, sponges, and sea urchins (Aydin et al.
2016; Kinacigil et al. 2017; Ceki¢ et al. 2020). Although
most of the gathered products are not consumed in Tur-
key, they are consumed lovingly in Far East countries.
Therefore, it constitutes a vital export item and provides a
significant inflow of foreign currency to Turkey (Dereli and
Aydin 2021). The sector has also created employment
opportunities for thousands of people, including fishers,
processors, transporters, marketers and exporters (Cekig
et al. 2020). Because of its economic benefits and shallow
water coverage, hookah diving has attracted the interest
of local fishers with little or no underwater diving experi-
ence. Generally poorly equipped, the fishers made the
transition to the profession without any concern for the
state of their physical health and psychophysical suitabil-
ity (Parvez et al. 2017). Hookah diving carries risks that
can result in death due to greater depths and bottom
time underwater, ignoring safety rules and decompres-
sion tables, use of an unsuitable compressor and impro-
vised diving systems, and economic anxiety (Ceki¢ et al.
2020; Karadurmus and Alkan 2022; Buonfiglio and
Lovatelli 2023). Understanding fishers in the profession,
fishing practices, and catch performance is an important
part of fisheries management (Muallil et al. 2013). The
long-term sustainability of the world's fisheries depends
on the ability of nations to control their fishing efforts and
promote well management effectively. The literature is
limited to studies on the historical development of hook-
ah diving (Kabasakal 2022) in Turkey, the socio-economic
status of divers (Aydin et al. 2016; Cekic et al. 2020), div-
ing risks and medical consequences (Toklu and Cimsit
2009), professional problems and solutions (Karadurmus
2021). This study aims to strategically analyse the barriers
and solutions for the sustainable development of the pro-
fession by discussing the current situation of hookah div-
ing in Turkey. This paper is intended for fishers who har-
vest organisms from the seabed using hookah systems
and for fishery policymakers.

2 | METHODOLOGY

2.1 Data collection

The dataset used in this study is based on official ministry
records and interviews with existing divers. The official
data were collated from the official records obtained

journal.bdfish.org

Page 2 of 9

Sustainability of the hookah diving
J Fish Karadurmus and Aydin

from the General Directorate of Fisheries and Aquacul-
ture under the Ministry of Agriculture and Forestry of the
Republic of Turkiye. Official records contain numerical
data on boats (after this, referred to as “hookah boats”)
that have a license to gather commercial benthic organ-
isms with hookah systems. All official records from 2016
to 2022 were included in the data set without undergoing
any statistical analysis before the procedure. Turkey's
export statistics and details were compiled from the offi-
cial records of the Turkish Statistical Institute. Export data
includes target species exported as processed or fresh to
various countries, such as whelks, sea cucumbers, sea
urchins, mussels and clams collect in hookah diving. The
export data were extracted according to the coding list
based on the Trade Data categorised by Harmonized Sys-
tem Codes (HS) developed by the World Customs Organi-
zation (WCO) to enable a systematic description of de-
tailed analyses.

2.2 Evaluation of data

Interviews were held with 28 hookah divers, whose pro-
fessional experience ranges from 13 to 32 years, who are
actively practicing the profession. The interviews were
conducted face to face, and questions included their pro-
fessional careers, diving profiles, satisfaction levels, prob-
lems and suggestions. Their answers and statements were
noted during the interview without interfering with the
narrative. With an objectivist approach, the information
given by the interviewee was accepted as a one-to-one
representation of professional reality. The data were syn-
thesised with the literature for strategic analysis and sub-
jected to SWOT analysis. SWOT analysis derives its name
from the words strengths (S), weaknesses (W), opportuni-
ties (0), and threats (T). The result of the SWOT analysis is
a list of factors that can be used for further analysis and
for selecting the decision criteria in the multicriteria anal-
ysis of fisheries management of hookah diving. SWOT
analysis is commonly used as a strategic planning tech-
nique in various areas of fisheries such as conservation
strategies (Cowx et al. 2010), socioeconomic status (Glass
et al. 2015), marketing (Khanal et al. 2020) and sustaina-
ble development (Rahman et al. 2020), including the cur-
rent study subject. In this study, SWOT was used to iden-
tify strategic options, linking internal and external factors
affecting fisheries management.

3 | RESULTS AND DISCUSSION

3.1 Hookah diving with strengths

Regarding natural stocks, Turkish seas are quite diverse,
especially whelk, sea urchins, sea cucumbers and various
shellfish (Aydin et al. 2016) and this presents wide oppor-
tunities for local fishermen. Hookah diving is still pre-
ferred by small-scale fishermen nowadays and they are
making investments in this fishing method. Traditional
hookah diving, which has a strong fishing fleet, has been
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transferred from generation to generation. Although the
number of hookah boats increased slightly from 2016 to
2020, the trend was volatile. The number of hookah
boats, around 500 in 2016, increased significantly to over
750 in 2019 and 2020. The number of hookah boats,
which had increased rapidly in the previous period, de-
clined sharply to 467. In the last case, the number of
hookah boats in 2022 was recorded as 685. A significant
trend was observed in sea urchin fishing in 2022, starting
with the first legal catch. Approximately 46% of the boats
were licensed to collect whelk, 43% sea urchins and very
few (11%) sea cucumbers (Figure 1).
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FIGURE 1 Distribution of hookah diving fishing fleet in
Turkey by target species and years.

The low cost and ease of installation of hookah sys-
tems are among the reasons why hookah fishing is pre-
ferred by divers worldwide, including Turkey (Bene and
Tevfik 2001; Huchim-Lara et al. 2015). Occupational and
economic satisfaction levels of hookah divers in Turkey
are quite high (Gonzalez-Wangtiemert et al. 2014; Aydin
et al. 2016; Cekic et al. 2020). The sector has created job
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opportunities for thousands of people, including divers,
processors, intermediaries and local traders. The domi-
nant species and fishing fleet vary by region depending on
the abundance of marine resources. According to the
distribution of the fishing fleet extracted from the official
records, rapa whelk fishing is mainly concentrated in the
Black Sea (Istanbul, Zonguldak and Samsun), sea cucum-
ber (lzmir, Istanbul and Balikesir) and sea urchin fishing
(Izmir, Balikesir and Canakkale) are pre-dominated in the
Aegean Sea and the Marmara Sea (Figure 2). The number
of hookah boats with the highest number of diving licens-
es from 2016 to 2022 was recorded in izmir. istanbul was
in second place with 657 diving licenses followed by
Balikesir (n = 439), Zonguldak (n = 398) and Samsun (n =
290) (Figure 2). The least number of licenses were rec-
orded in Hatay, Antalya and Artvin.

Most of the harvested organisms are luxury food
items and have commercial importance due to its rich
nutritional content (Aydin et al. 2011). However, Turkey
does not consume products such as whelk, aquivades,
sponges, sea cucumbers and sea urchins. For this reason,
it has created an essential export item and provides a
significant foreign exchange inflow to Turkey (Aydin 2017;
Cekic et al. 2020). The adverse effects of various fisheries
methods targeting similar species (bottom trawl, beam
trawl, beach seine, gill nets etc.) on the ecosystem are
well documented (Bjordal 2002, Zengin et al. 2022). In
this direction, alternative fishing methods have been pro-
posed for the sustainable use of benthic resources and
the protection of the marine ecosystem with an ecosys-
tem-based holistic approach. Some scientists, including
fishers, agree that hookah diving is an environmentally
safe method of fishing (Altinagag et al. 2004; Aydin et al.
2016).

Rapa whelk

‘Sencutumber Sea urchin

Antalya
Mersin

Mediterranean

FIGURE 2 Distribution of hookah diving fishing fleet in Turkey by regions and target species.
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3.2 Hookah diving with weakness

Poor cooperation and coordination with official institu-
tions were also considered essential shortcomings. Alt-
hough economic satisfaction is high, fishing costs must be
reduced to increase profitability. Diving equipment, fuel,
labour and vessel maintenance constitute essential ex-
pense items of fisheries. Although the government has
created a financial support fund to support small-scale
fisheries, the existing incentives, capital and infrastruc-
ture are still insufficient. With the increase in global infla-
tion in recent years, fishermen need help meeting the
costs.

When the stocks are exposed to overfishing for
years, export sizes gradually decrease and the demand of
foreign markets may not be adequately met at the de-
sired time due to irregular catches (Purcell et al. 2013).
Therefore, a consensus is that marine stocks should be
well-managed (Samoilys et al. 2017). In order to keep the
catchable stocks in balance, it is necessary to know the
growth, development, mortality, breeding periods, stock
biomass and recruitment amounts of the marine organ-
isms. The current status of inventories is usually derived
from export data (Dereli and Aydin 2021) and legal limita-
tions are created accordingly. There are gaps in the legal
framework due to the lack of knowledge of stocks and
lack of data. Current situation analysis and future stock
forecasts should be made with new scientific studies of
stocks, and fisheries management strategies should be
determined.

3.3 Threats versus opportunities

The fishing industry's expansion and growth are very im-
portant to the economic development of countries. Inter-
national trade in fishery products is also an important
source of foreign exchange for countries (FAO 2020). As a
matter of fact, together with Turkey's rapidly developing
fishing industry, a record export of 1.4 billion USS was
realized in 2021. The total export of aquatic products sub-
ject to hookah diving was 36,163,611 USS in 2022. Whelk
had the highest share (41.4%) in total exports, with an
export value of 14,960,774 USS. The sea cucumber was in
second place with 11,308,664 USS in export followed by
sea urchin (8,754,579 USS), mussels (1,138,912 USS) and
clams (682 USS) (Figure 3). It is worth remembering that it
would be misleading to attribute all exports to hookah
divers and that these products are caught in different
fisheries methods (especially beam trawling), albeit lim-
ited. Nevertheless, the data provide evidence for demon-
strating the sector's economic potential. Many of the
products harvested by hookah divers are also exported
(Aydin et al. 2011). The export potential of these seafood
products in the international market and the demand for
the products have increased globally in recent years (Der-
eli and Aydin 2021). Adapting invasive species such as
Rapa whelk (Rapana venosa) and long spined sea urchin
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(Diadema setosum) to Turkish seas offers significant op-
portunities for hookah divers. Crowded population, in-
tense agricultural and industrial activities, pollution and
changes due to the global climate crisis put constant
pressure on the earth, especially on ecosystems. In addi-
tion to pressures, overfishing, bycatch, illegal fishing, and
deterioration in the marine ecosystem and benthic habi-
tat structure are prominent problems in world fisheries
(Link and Watson 2019). Despite increasing global con-
cerns, the global transition trend towards a green econ-
omy has come to the fore in recent years. Intense efforts
are made for renewable energy, green buildings, sustain-
able transportation, water and land management, and
sustainable fisheries. In the face of all these efforts, hook-
ah diving serves ecosystem-based fisheries (Aydin et al.
2016) and is considered a critical opportunity for the sec-
tor's sustainability. Despite its strengths and versatile
opportunities, there are significant threats to the sustain-
ability of hookah diving (Figure 4).
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FIGURE 3 Export values of products subject to hookah
diving in Turkey for 2022.

3.4 Threats across the sustainable development and
management strategies

Diving activities pose a significant health risk to divers.
These include decompression sickness, carbon monoxide
poisoning, interruption of the air supply and entangle-
ment. The diver's underwater behaviour, fishing strategy,
history of iliness and psychological factors affect the risk
(Huchim-Lara 2010; Buonfiglio and Lovatelli 2023). Lack of
training and ignoring safety procedures are other factors
that increase the risk of decompression (Long et al. 2002;
Toklu and Cimsit 2009; Smart 2010). As in all commercial
diving, trained people should be employed in hookah div-
ing (Buonfiglio and Lovatelli 2023). As a result of the eval-
uations, the lack of career enhancement and dive safety
consciousness comes to the fore as significant threats.
Transfer of advanced knowledge and skills is recom-
mended for developing occupational career skills in hook-
ah diving, where human life is at stake. For this, it is rec-
ommended to establish educational collaborations, con-
duct a comprehensive training needs analysis, develop a
specifically designed learning curriculum and integrate it
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into existing vocational training. Diving safety should be
emphasised in addition to the curriculum covering occu-
pational health, diving theories and decompression
methods. Fishermen in Turkey are subject to general
health insurance. Most divers are reluctant to get health

INTERNAL
strengths

+ Contribution to the national economy

+ Supporting rural employment

+ Low ecosystem impact of fisheries

« The diversity and richness of natural stocks
* Low cost of hookah systems

+ Economical satisfaction of the divers

POSITIVE

opportunities

« Export potential and increase in demand
« Entering new invasive species
+ Global transition trend towards green economy

weakness

« Lack of capital, incentives and infrastructures
+ Lack interaction with government agencies

+ Limited R&D and scientific research

* Limited stock's knowledge and biomass
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insurance and work without any health insurance (Aydin
et al. 2016; Cekic et al. 2020). Although health insurance
health insurance is compulsory for all citizens in Turkey,
policies such as private health insurance, early retirement
and depreciation should be developed for divers.

FIGURE 4 Overview of the
SWOT analysis about the
hookah diving fishery in
Turkey.

threats

INLVOIN

+ Lack expertise in occupational career
« Ignoring diving rules and health
+ Poor technology

+ Political barriers and complex laws
+ Concern for the future

+ Aging workforce

+ Climate change and habitat loss

EXTERNAL

Hookah systems consist of an average 5 — 6 horse-
power gasoline engine, a single-stage air compressor that
can compress air, an air tank with sufficient volume and
pressure for the diver to dive to depths of 20-30 meters, a
hose group and a regulator (Aydin et al. 2016). The whole
system is mounted on wooden planks on the deck of the
fishing boat (Figure 5a; Chin et al. 2015). Equipment prob-
lems, exhaustion of air/breathing gas, poisoning, entan-
glement, and on-board fire are the leading known causes
of death in hookah diving (Smart 2010; US Navy 2016;
Acencio-Lane et al. 2019; Buonfiglio and Lovatelli 2023).
Poor technology and design flaws in hookah (Figure 5b —
5c) and boat systems are mainly responsible for these
deaths (Lippmann 2010; Karadurmus and Alkan 2022).
Unfortunately, hookah systems are not subject to inspec-
tion in Turkey. The gasoline engine, air hose and pressure
tanks used in existing hookah systems pose a risk. In gen-
eral, untrained and inexperienced surface support per-
sonnel also invite diving accidents (Figure 5d). There are
cases of compressor running out of fuel, broken air hose
or even fire on the deck caused by surface support per-
sonnel. For this reason, it is necessary to review all hook-
ah, diving and deck equipment regarding occupational
health and safety and establish the necessary legal
framework. Divers resist accepting new technologies due
to economic conditions and high inflation. Extensive gov-
ernment support is needed for the acquisition and trans-
fer of advanced technology, integration into existing sys-
tems and training of divers. Production efforts and re-
search and development activity initiatives in line with
domestic resources for developing existing designs and
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hookah equipment are essential for sustainability.

Z 0

FIGURE 5 A hookah diver and boat (a), filter system of
hookah (b), hose assembly (c) and surface support per-
sonnel (d).

Economic satisfaction and complex legal framework
lead fishermen to illegal fishing. lllegal, unreported and
unregulated fishing (IUU fishing) is one of the main
threats to the sustainable use and conservation of fisher-
ies resources (Pramod et al. 2014). Irregular fishing prac-
tices and inefficiency in monitoring and inspection are the
main reasons for the continuation of IUU fisheries (Miller
et al. 2014). It is recommended that lack of concrete regu-
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latory measures, ineffective policy implementation, and
insufficient supervision and control are the main impedi-
ments to eliminating the ongoing IUU problem. The cur-
rent legal framework should be broadly regulated, eco-
nomic and environmental conditions should be improved,
and control and supervision mechanisms should be de-
veloped. The role of fisheries inspectors and effective
community involvement is necessary to ensure the opti-
mum and sustainable management of marine resources.

All kinds of commercial diving activities in Turkey are
carried out within the framework of the "Professional
Underwatermen Regulation" numbered 23098 published
in the Official Gazette dated September 2, 1997. Current
decisions mainly cover advanced diving jobs, including
industrial jobs. Enforcing fishery regulations, including
bans, minimum catch sizes, the type of fishing gear al-
lowed, and monitoring to avoid activities such as poach-
ing in restricted areas or catching threatened species, are
the issues that require attention to reduce the impacts on
biodiversity arising from the overfishing, bycatch, and
degradation of habitat. In the framework mentioned
above, hookah diving should be considered separately
from other commercial diving activities. It should be or-
ganized in all processes, from entering the profession to
its execution.

An ideal and sustainable economy produces the
most significant general welfare with the least resource
use and environmental damage. The fishing income of
hookah divers is satisfactory, but high operating costs,
inflation and fluctuations in exchange rates negatively
affect profitability. Public support, low-interest loans and
tax exemption are recommended to ensure sustainable
fisheries and income stability. All these supports should
be organized to cover fuel, labour, diving equipment,
training and ship maintenance, especially the transfer of
advanced technology.

The fishing industry faces various risks in the pro-
cess, from production to marketing, due to its importance
in the economy and the reasons arising from its nature. In
order to minimise these risks, the necessity of agricultural
organisation arises. In order to minimise these risks, the
necessity of agricultural organisation emerges (Tan and
Demir 2015) and is reported as an essential deficiency in
Turkish fisheries (Dogan 2017). Poor communication be-
tween divers and official institutions has also been identi-
fied as an important obstacle in hookah fishing. It can
contribute to economic and social development by im-
proving communication/cooperation with fisheries coop-
eratives and regional unions, to which the fishing fleets of
fishers are legally bound. Moreover, integrating fishery
policies with other socioeconomic policies and interde-
partmental cooperation is needed to achieve policy con-
sistency across local related.

Factors such as job satisfaction, economic anxiety,
market demand and scarcity of marine resources signifi-
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cantly affect fishing behaviour and strategies (Castillo
2011; Salas et al. 2011). Diving strategies allow hookah
divers to meet their daily catch efficiency target. Howev-
er, divers are willing to change their strategy at all risks to
maximise catch and generate more income (Laloe and
Samba 1991; Buonfiglio and Lovatelli 2023). Decompres-
sion tables and dive time limits are often ignored (Bene
and Tevfik 2001; Cekic¢ et al. 2020; Karadurmus 2021). As
a result of all these risks, it is stated that divers experi-
ence high rates of decompression sickness, barotraumas,
arterial gas embolisms and many clinical ailments related
to diving (Denoble et al. 2011; Vann et al. 2011). National
efforts should be initiated to improve working conditions
and create a decent working environment for hookah
divers. Recent observations in many coastal communities
have shown that fishers are ageing and young people are
not entering the industry. One of the main problems of
ageing and work is the mismatch between the employee's
functional capacity and the job requirements. The job
demands usually do not increase over time, but workabil-
ity, physical work capacity, functional mental capacity and
employability typically decline with age. Dynamic social
influences and changing fisheries management are im-
portant factors influencing youth labour force participa-
tion. National policies aimed at maintaining older workers
in a socially and economically meaningful role should be
adopted by governments and supported by appropriate
legislation. For sustainable development, it is recom-
mended to create skills, knowledge and confidence,
transfer knowledge about careers and current paths and
create job opportunities to encourage the young popula-
tion to the profession.

The export size of the stocks exposed to overfishing
gradually decreases and the demand of foreign markets is
not adequately met due to irregular fishing (Purcell et al.
2013). Therefore, fisheries stocks must be well managed
(Samoilys et al. 2017). Hookah diving has the potential to
affect particularly vulnerable or threatened populations
seriously. There is varying evidence of the diver's under-
water behaviour's negative impact on their target popula-
tions (Indra et al. 2019) and their habitats (Friedman et al.
2011). Lack of awareness/knowledge about sustainable
fishing is one of the main threats to the sustainable use
and conservation of fisheries resources and can cause
severe damage to stocks. For this reason, further scien-
tific studies, including increased public awareness of fish-
eries management, catch quality, marine ecology and
biodiversity, and diver behaviour are recommended.

4 | FINAL REMARKS AND CONCLUSIONS

Our study provides in-depth data on current trends in
hookah diving and offers management strategies for the
sustainability of the industry. The international demand
for benthic organisms has increased in recent years, con-
tributing to the development of hookah diving in Turkey
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(Dereli and Aydin 2021). Turkey is in an advantageous
position due to stocks that haven't exploited yet, which
creates enormous employment for hookah divers. Hook-
ah divers hope to keep their profitability at a stable level
and to work in sustainable work conditions. This paper
highlights the need for comprehensive national efforts,
including professional qualification, learning curriculum,
certification, health conditions, employment, diving
equipment and hookah systems, to address barriers to
sustainability. Our findings form the basis for further
studies and policies on hookah diving to serve the UN
sustainable development goals.
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