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a b s t r a c t

The popularity of ecotourism in Kish Island located off the southern coast of Iran in the Persian
Gulf has increased over the last 30 years with a large development of a SCUBA diving industry. The
suitability and carrying capacity of seven sites were assessed and management strategies proposed.
The Tourism Suitability Index (TSI) for snorkeling and SCUBA diving was determined based on some
criteria. The plausible effect of SCUBA diving on reef health was assessed with the Reef Health Index.
The tourism carrying capacity (TCC) was assessed based on physical and biological conditions of each
site, the infrastructure, the equipment available, and the characteristics of the service providers and
the administrators of the Kish Free Trade Zone Organization. The RHI index showed that, except for one
reef with a fair condition, the health condition of the remaining reefs was good. TSI results showed that
all reefs were categorized as suitable for snorkeling. Whereas, of seven reefs, one reef was conditionally
suitable, and the remaining reefs were categorized as suitable for SCUBA diving. The TCC values ranged
between 31,727 and 336,313 dives/year, with a total of 822,716 dives/year for all seven sites. Only two
sites were the most visited with the TCC ranging from 61,427 to 75,116 dives/year. These numbers
were lower than the actual number of recreational visitors to these two sites (273,750 dives per year)
suggesting a need for adequate preventive management if these diving sites are to maintain their
aesthetic appeal and biological characteristics. Such management may initially be directed towards
dictating diving clubs to use less-visited sites, to use the sites based on their proposed TCC value, and
to create their man-made sites. These results suggest that several reefs around Kish Island are suitable
for SCUBA diving, and can be promoted as a suitable destination.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

The tourism sector accounts for 5% of the global economy
Buckley, 2011). With a growth rate of 6.2% per annum, the an-
ual tourism’s economic value reached US$1 trillion in 2011 and
he international tourist arrivals hit 1.5 billion in 2019 confirming
ourism as a leading and resilient economic sector, especially
iven current uncertainties (UNWTO, 2020).
In recent years, because of the development of tourism-

elated infrastructure in various Persian Gulf countries, especially
ahrain, Qatar, and the UAE, tourism has grown significantly in
he region (Nadim et al., 2008; Burt and Bartholomew, 2019;
aughan et al., 2019). The number of annual tourists from the
ersian Gulf countries almost tripled from 8.2 million in 1995 to
2.9 million in 2010 (Gladstone et al., 2013). In some Gulf States,
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such as the UAE, recent development projects have revolved
around the policy of economic diversification in response to the
continued depletion of oil reserves (Stephenson, 2014). Coastal
resorts and activities such as SCUBA diving, deep-sea fishing,
and wildlife watching are expanding with the rapidly growing
Persian Gulf tourism industry, especially in the warmer southern
countries (Gladstone et al., 2013).

The Persian Gulf, the world’s warmest sea, is home to the most
tolerant coral reef species (Burt et al., 2014). Yet, considering
the increasing frequency and intensity of bleaching events in
this sea and the above global rates of regional warming, the
capacity for recovery and the projection for the future of the
reefs in this region are not optimistic (Riegl et al., 2018; Burt and
Bartholomew, 2019). Superimposed on natural threats, coastal
development will continue in the Persian Gulf with increased
rates of landfill and dredging causing more stress to the nearshore
reefs (Burt, 2014; Burt et al., 2017). Despite the paucity of specific
assessments dedicated to the valuation of services provided by

the Persian Gulf reef ecosystems, the countries of the region
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arn a relatively high income from reef ecosystem services. In
bu Dhabi, for example, the amenity value of coastal beaches
s estimated at US$824 million in tourism revenue for the UAE,
ith beach habitats valued between US$8.3 million and US$13.8
illion per hectare (Blignaut et al., 2016).
The rapid growth of tourism in the Iranian coasts of the Persian

ulf reveals increased diversification of water recreational activ-
ties. The numbers of local and international tourists have been
ncreased in coastal areas of Iran following the establishment
f free trade zones e.g. Kish and Qeshm free trade zones, and
ars Special Economic Energy Zone (Gladstone et al., 2013). A
omparison of the number of incoming passengers to Kish Island
uring different months of the years 2012 to 2018 indicates the
resence of the maximum number of passengers in April followed
y March and February. Accordingly, the minimum number of
ncoming passengers to the island is from May to September.
ccording to the data obtained from the Tourism Affairs Deputy
f the Kish Free Trade Zone Organization (KFTZO), the number
f incoming passengers to Kish Island shows a relative increase
n the number of passengers from the year 2012 with 1,306,189
assengers to about 2,042,357 passengers in 2018 with an av-
rage growth rate of 0.08% during this period. According to the
ata obtained from the Tourism Affairs Deputy of KFTZO, there
re 22 water recreation centers and clubs at Kish Island providing
quipment and facilities for a wide range of water sports includ-
ng swimming, snorkeling, SCUBA diving, cable skiing, jet skiing,
ubmarine scooter, and spear and hook fishing. Kish shallow reefs
re suitable for SCUBA diving, even for people who do not have
ertified diving experience. On the other hand, sensitive coral
cosystems around this island have been directly and indirectly
ffected by water sports. Recreation activities in Iran and other
egions across the world have been reported to cause habitat
amage such as trampling of intertidal areas and shallow reefs,
reakage of corals by divers and snorkelers, anchor damage to
orals, and ship and land-based litter (Jameson et al., 1999; Barker
nd Roberts, 2004; Aghajan Pour et al., 2012; Au et al., 2014;
erner et al., 2016). Over-collecting of curios and bait for fishing

nd trampling by tourists have been led to the depletion of
ildlife, particularly intertidal organisms (Gladstone et al., 2013).
herefore, management of coral reef-based tourism and minimiz-
ng the impact of tourism on coral reefs are essential to ensure the
ustainable development of the coral reef ecosystem.
Ecological carrying capacity defined as the ability of a re-

ource to resist recreational use without unacceptable damage
o its ecological components is widely used in the management
f diving tourism (Shelby and Heberlein, 1987). However, there
s no global consensus on the criteria for quantifying carrying
apacity at diving sites. The carrying capacity of a diving site
an be expressed as the number of divers per site per year
nd as a measure of the number of divers a reef could tolerate
ithout enduring significant degradation (Salm, 1986). Methods
nd results of previous studies determining carrying capacities
or coral reefs around the world shows that ecological transport
apacity is usually determined experimentally using quadrat or
hotoquadrat, the most widely accepted method of obtaining
nformation about the coral status of a diving site (Dixon et al.,
993, 1995; Harriott et al., 1997; Hawkins and Roberts, 1997;
chleyer and Tomalin, 2000; Zakai and Chadwick-Furman, 2002;
arker and Roberts, 2004; Serour and Kangas, 2005; Leujak and
rmond, 2007). Other than the magic number that is the maxi-
um number of divers/dives, a rate by which a site can sustain,

he relationship between the influence of the diver and diving
ctivity has been also considered. Hawkins and Roberts (1997)
rgued that this relationship as a non-linear equation may take
he form of a J- or S-curve. If the curve is J, diver-induced im-

acts would appear minor up to a certain level of activity but

2

would become quickly noticeable upon reaching a critical level.
However, when a phase shift occurs after a period of exponential
advance in damage to habitat, and habitat degradation stabilizes
at an unhealthy condition, then it turns into an S curve.

So far, no study has been accomplished to assess the impact
of water sports on coral reefs in Kish Island. To our knowledge,
no study also has been dedicated in the Persian Gulf to assess the
suitability of reefs for water sports, in particular for snorkeling
and SCUBA diving. Likewise, there are no published materials in
this region aiming to assess the carrying capacity of reefs for
SCUBA diving as the main water sport damaging coral reefs. To
bridge the gap of knowledge on the impact of SCUBA diving
on coral reefs of Kish Island, and for adequate preventive man-
agement of diving sites to maintain their aesthetic appeal and
biological characteristics, the present study was carried out with
the followings objectives: (1) to assess the effect of SCUBA diving
on coral reefs of Kish Island, and (2) measuring the suitability and
carrying capacity of reefs in this island.

2. Material and methods

2.1. Study area and data collection

The present study was undertaken in Kish Island with an
area of 91.5 km2 located off the southern coast of Iran in the
Persian Gulf (26◦ 32’ N, 53◦ 58’ E) (Fig. 1). Kish Island with
a population of 40,000 and free trade zone status is a famous
tourist destination, with shopping malls, tourist attractions, and
leisure hotels attracting about 1 million visitors annually. Tourists
from foreign countries for which Iran typically requires a visa are
exempt from visas to enter this island. The island has the best and
newest water and sea recreation opportunities including swim-
ming, snorkeling, SCUBA diving, cable skiing, jet skiing, submarine
scooter, and spear and hooks fishing. Of the total economic value
of US$14.6 million yr−1; 62% is attributed to recreational activities
in Kish Island (Madani et al., 2012).

Coral reefs around this island occur as unconnected patchy
reefs at a depth of 3 to 18 m and are mostly found on the east,
north, and southeast (Fig. 1). Due to the proximity of major coral
reefs to the beach (i.e., ≈10 m), SCUBA divers can reach the corals
by shore diving. Yet, amateur divers are strongly recommended
to do boat diving. Due to the existence of hotels and diving clubs
in the east of the island, the coral reefs at the east of the island
are highly visited by divers, thus, these reefs have been saturated
by visitors. Anchoring is prohibited at the eastern side and the
effect of hand-line fishing is negligible. The majority of damages
recorded should be due to diving-related activities.

A total of seven coral reef patches were surveyed within two
periods: (1) March 2017, during the Persian New Year, as a period
with maximum visitors to coral reefs, and (2) December 2018
as a period with the lowest number of visitors to coral reefs.
The benthic composition of the sea bed at each location was
determined by the Line Intercept Transect survey method de-
scribed in Reef Check Instruction Manual (Hodgson et al., 2006).
At each location, four transects (4 × 20 m, fiberglass measuring
tape) were laid out parallel to the shore at the depth of 3–6 m
where the highest coral cover exists. Once the transects were laid
down on the seabed, the diver swam slowly along the transect
recording onto the datasheet the lifeforms encountered under the
tape. At each point where the benthic lifeform changed, the diver
recorded the name of lifeform and substrate type including live
hard coral, recently killed coral, coral rubble, nutrient indicator
algae, soft coral, sponge, non-living bottom type (rock, sand, and
silt/clay), and others (e.g., sea anemone, tunicates). Finally, the
percent cover of a lifeform category was calculated for each 20
m transect and each location by averaging the data of four 20 m
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Fig. 1. Map of coral reefs of Kish Island and sampling sites (Kabiri, 2018).
ransects. The possible damages caused by the anchors, fin kicks,
ushing or holding coral, dragging gear, and kneeling/standing
n corals were recorded in each reef. Vertical zonation at each
eef was explored by swimming across a transect line being laid
erpendicular to the shore starting from the 1 m depth extending
o the offshore to a maximum depth of 20 m (Hill and Wilkinson,
004).
Survey locations were chosen purposively by considering the

umber of tourist visits in crowded, medium, and quiet tourism
ocations. In doing so, three (i.e., Zoo Beach, Big Coral, Park-e
olphin), two (i.e, Taban, Toranj), and two (i.e., Hoor, Bungee
umping) reefs were considered as crowded, medium, and quiet
ourism locations, respectively (Fig. 1). At each location, reef fish
bundance and biodiversity were determined qualitatively by
isual underwater observations and quantitatively by the Fish
elt Transect survey method described in Reef Check Instruction
anual (Hodgson et al., 2006). In the Fish Belt Transect survey,

our 5-m-wide (centered on the transect line) by 20-m-long seg-
ents were sampled for all fish species. Unlike the Reef Check
ethod, in which only those fish being targeted by fishermen,
quarium collectors, and others are counted, in the present study,
he whole fish community was examined (Bargahi et al., 2020).
ish seen up to 5 m above the line are included.

.2. The plausible effect of SCUBA diving activities on reef health

The plausible effect of SCUBA diving activities on reef health
as assessed using the Reef Health Index developed by Healthy
eefs for Healthy People (HRI, 2021). The RHI was calculated
sing four indicators: (i) live coral cover; (ii) fleshy macroalgae
over; (iii) biomass of herbivorous fish (g 100 m-2), of the families
caridae and Acanthuridae; and (iv) biomass of commercial fish
g 100 m-2), using only the families Lutjanidae and Serranidae.
caridae and Acanthuridae were used due to their important
unctional role in coral reefs. As the most important grazers with
he reef, Scaridae, and Acanthuridae reduce the overgrowth of
leshy macroalgae (Díaz Pérez et al., 2016). Snappers (Lutjanidae)
nd serranids as the most important commercial fish play an
mportant trophic role as carnivores that exert a strong predatory
nfluence in the coral reefs (Díaz Pérez et al., 2016). The mean
alue of each indicator was converted to an ordinal scale indicat-
ng five grades of health, with values of 1 (‘‘critical’’), 2 (‘‘poor’’),
(‘‘fair’’), 4 (‘‘good’’), and 5 (‘‘very good’’).
3

2.3. Tourism suitability index analysis of reefs for snorkeling and
SCUBA diving

Data related to tourism suitability parameters for each sur-
veyed reef were collected through direct on-site observation as
well as systematically by online questionnaire forms. In doing
so, a survey of the tourists and tour operators that come to
Kish Island was conducted using questionnaires and interviews.
The questionnaires (see supplementary) used in this study were
adapted from the questionnaires used in carrying capacity assess-
ment project in Pulau Payar Marine Park, Malaysia with some
modifications (Ching Lim, 1998). These investigations addressed
the perceptions of Kish Island’s reef users with particular refer-
ence to reef status, diver satisfaction, and marine conservation
awareness.

Besides, to determine the carrying capacity of the area, in-
terviews were also conducted to investigate the perspectives of
the relevant stakeholders including diving club managements,
tourists/visitors.

The tourism suitability index (TSI) for snorkeling and SCUBA
diving at each surveyed reef was determined based on a suit
of criteria (Yulianda, 2007) with some modification as detailed
in Tables 1 and 2. The rank or score assigned to each of these
variables (criteria) was estimated based on the amount of that
variable in each reef relative to the domains assigned to the
respective variable (Tables S1, S2, 3 and 4). The reason for choos-
ing these variables is based on the degree of satisfaction of the
snorkeler and SCUBA divers from performing these activities. So
that snorkel and SCUBA diving satisfaction are positively and di-
rectly related to water transparency, percentage of live coral reef
cover, number of living forms, the richness of reef fish species, the
width of coral reef (due to increasing in available area for more
people), the distance of the coral reef front from the shore (due
to the ease of access and less distance to access the coral reef),
and the ease of entering the water (safe entry into the water).
On the other hand, snorkel satisfaction is negatively related to
flow velocity (due to high energy expenditure for swimming and
maintaining buoyancy in areas with high flow velocity), and coral
reef depth (due to reduced depth of vision).

Water transparency was determined from the average values
recorded during the diving operation. The percentage cover of live
corals and the species richness of reef fish were also calculated by

Line Intercept and Fish Belt transects surveys, respectively. The
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Table 1
Criteria for the TSI analysis for snorkeling.
Parameter Weight Category (SI) Score Category (S2) Score Category (S3) Score Category (N) Score

Water visibility (m) 5 25 3 10–<25 2 5–<10 1 <5 0
Coral cover (%) 5 >50 3 20–<50 2 10–<20 1 <10 0
Lifeform no. 5 >10 3 <5–10 2 3–5 1 <3 0
Reef fish species 3 >50 3 30–50 2 10–30 1 <10 0
Current velocity
(cm/sec)

1 0-50 (0-1
knots)

3 >50-100 (1-2
knots)

2 >100-150 (2-3
knots)

1 >150 (>3) 0

Reef depth (m) 1 1–3 3 >3–4 2 >4–5 1 >5 0
Reef width (m) 1 >500 3 >100–500 2 20–100 1 <20 0
Reef fore edge
distance from the
shore (m)

5 <100 3 <100–150 2 150–200 1 >200 0

Water accessibility 3 Very safe 3 Safe 2 Relatively safe 1 Unsafe 0
Table 2
Criteria for the TSI analysis for SCUBA diving.
Parameter Weight Category (SI) Score Category (S2) Score Category (S3) Score Category (N) Score

Water visibility (m) 5 >20 3 10–<20 2 5–<10 1 <5 0
Coral cover (%) 5 >50 3 20–<50 2 10–<20 1 <10 0
Lifeform no. 5 >10 3 <5–10 2 3–5 1 <3 0
Reef fish species 3 >70 3 50–70 2 20–50 1 <20 0
Current velocity
(cm/sec)

1 0-50 (0–1
knots)

3 >50–150 (1–3
knots)

2 >150–250 (3–5
knots)

1 >250 (>5) 0

Reef depth (m) 1 0–5 3 >5–10 2 >10–15 1 >15 0
Table 3
Ratings assigned to each snorkeling suitability variable at each reef.
Reef name Water

transparency
(m)

Coral cover
(%)

Lifeform no. Coral fish
species no.

Current
velocity
(cm/sec)

Reef depth
(m)

Reef width
(m)

Reef fore-edge
distance from
the shore (m)

Water
accessibility

Park-e Dolphin 1 1 3 1 2 2 1 3 3
Big Coral 1 1 3 1 3 2 1 2 3
Taban 0 0 2 1 3 3 2 3 1
Zoo Beach 1 2 3 1 3 3 1 2 3
Toranj 1 1 3 1 3 2.5 3 0 2
Hoor 1 0 2 1 3 3 2 2 0
Bungee Jumping 1 0 2 1 3 3 2 1 1
Table 4
Ratings assigned to each SCUBA diving suitability variable at each reef in Kish Island.
Reef name Water

transparency
(m)

Coral cover
(%)

Lifeform
no.

Coral fish
species no.

Current
velocity
(cm/sec)

Reef depth
(m)

Park-e Dolphin 1 1 3 1 2 3
Big Coral 1 1 3 1 3 3
Taban 0 0 2 1 3 3
Zoo Beach 1 2 3 1 3 3
Toranj 1 1 3 1 3 2.5
Hoor 1 0 2 1 3 3
Bungee Jumping 1 0 2 1 3 3
number of life forms in each surveyed reef was recorded based on
the categories presented in the Tropical Marine Resources Survey
Handbook (English et al., 1997). The reef width and the frontal
distance of each reef from the shore were obtained based on
the images of WorldView-2, QuickBird, and GeoEye-1 satellites
(Kabiri, 2018). Given the lack of data on sea current pattern,
current flow velocity in each reef was estimated based on the
maximum flow velocity calculated in the Environmental Impact
Assessment report of the Kish power and desalination plants of
Kish Island (Yari, 2015). The depth of each reef was determined
in the central section of each reef using hydrographic maps. The
degree of ease of access to water was also assessed based on field
observations from the shore adjacent to each reef. For example,
due to the rocky nature of the Hoor reef, the rank assigned to this
coral patch was considered zero.
4

TSI for each surveyed reef was formulated as follows (Yu-
lianda, 2007):

TSI =

∑
(Ni/Nmax) × 100

Where TSI is tourism suitability index (%); Ni is the score for
each affecting factor, and Nmax is the maximum score for tourism
activities.

The results of the calculations were further classified into
four classes of suitability including TSI (S1) = 83%–100% (very
suitable), TSI (S2) = 50− < 83% (suitable), TSI (S3) = 17− < 50%
(conditional suitable), and TSI (N) =< 17% (not suitable).

2.4. Tourism carrying capacity analysis of reefs for SCUBA diving

Tourist carrying capacity (TCC) of each reef was estimated
according to the method developed by Cifuentes et al. (1999)
and modified by Gallo et al. (2003). In this method, correction
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actors were adjusted to match the conditions of underwater
ctivity and probabilistic elements of threat and vulnerability
f each surveyed reef. This method allows the establishment of
he maximum number of visits that each reef can receive based
n its physical, biological, social, and economic conditions and
egulations related to service providers and administration of
he Kish Free Zone Organization. In doing so, physical carrying
apacity (PCC), the real carrying capacity (RCC), and finally, the
CC (expressed as the number of visitor groups per day or the
umber of visitors (persons) per day) are consequently calculated.
t should be noted that different components of the TCC follow
he consecutive sequence of PCC ≥ RCC ≥ TCC; thus, the final
stimated value of carrying capacity tends to decrease as each of
hese calculations is performed.

The physical carrying capacity (PCC) includes a theoretical es-
imate of the maximum number of visits that can occur physically
t a given time and place, without limitations on operational
nd management capacity (e.g., site access, ecosystem fragility,
nfrastructure, financing). PCC in each reef is calculated by the
ollowing formula:

CC = (
S
SP

) × NV

In this formula, S is the area available for diving (i.e., coral
reef length), SP is the area occupied by each diver, and NV is
the number of dives that can be repeated per reef per day, or in
other words, the number of visits per day to each reef. Following
international diving regulations, divers must dive in pairs, and
each diver usually dives along a line and requires 2 m of space.
On the other hand, each diver must be 2 m away from the other
diver. Therefore, each diver occupies 4 m and therefore the SP will
be equal to 4 m (Ríos-Jara et al., 2013). Given the shallow depths
of surveyed reefs, so without considering the decompression
models, the NV value is calculated from the following formula:

NV =
Vt
Tv

In this formula, Vt is the potential visiting time to dive every
ay on each reef, which according to a survey of club managers
n the island this measure is for 8 h a day (in daylight from 9 am
o 4 pm in autumn and winter and from 9 am to 6 pm in spring
nd summer).
Tv is the time used for each visit. According to a survey of

lub managers, the Tv for each diving visit was set at 90 min per
erson per visit. Based on the above formulas, the PCC for each
eef is as shown in Table 5.

To calculate the real carrying capacity (RCC), several correction
actors were used for each reef. These factors were: (1) social
CFsoc), (2) fragility (CFfg), (3) damage caused by touching (CFdt),
nd (4) wind accessibility (CFwind). The correction factors were
alculated with the following formula:

Fx = 1 −
Lmx
Tmx

In this formula, CFx is the correction factor for the variable x,
mx is the limiting magnitude of variable x (i.e., the occupancy
imits that result from the distance between diving groups), and
mx is the total magnitude of variable x. Correction factors are
quivalent to the empirical probability of variable x, which is
elated to the relative frequency of variable x, and is estimated
ased on observations recorded during field operations to assess
he physical and biological conditions of the given reef. There-
ore, correction factors quantitatively express the non-occurrence
robability of x (Gallo et al., 2003).
The social correction factor (CFsoc) expresses various aspects

f visit quality to obtain maximum satisfaction while visiting
oral reefs. Visits should be undertaken in guided groups to
5

maintain higher safety and control visitor behavior and reduce
possible impacts of divers on the environment. According to the
rules set by the Recreational SCUBA Training Council (RSTC) and
the Professional Association of Diving Instructors (PADI), groups
of nine divers (consisting of eight visitors and one guide) should
be considered. Besides, the time interval between visitor groups
should be 60 min. This interval is equivalent to the time when a
group of visitors occupies a diving site so as not to cause interfer-
ence between divers underwater and their boats on the surface.
Based on this restriction, no more than one group of divers should
visit a site at a given time. Therefore, to calculate the CFsoc, the
limiting size (Lm), which is equivalent to the occupancy limits of
a site calculated from the distance between the diving groups, is
calculated from the following formula:

Lm = S − (P × Ng)

In this formula, S is the distance between the diving groups
(equivalent to the length of each reef, taking into account that
no more than one group of visitors should occupy a diving site
at a given time), P is the number of people in each group (9
divers), and Ng is the number of diving groups per reef, which
is considered one group here.

To calculate the number of possible dives per day, or in other
words, the number of people per day, taking into account that
each person will need four meters of space, first the working time
of each reef (i.e., eight hours or 480 min), the time required for
diving was divided into 90 min per person and the result was 5.33
people per day in every four meters. Based on the above formula,
the amount of CFsoc in each reef is as estimated in Table S3.

To calculate the fragility correction factor (CFfg), the coverage
of stony corals was calculated because they are relatively vulner-
able to direct contact by divers and anchoring vessels (Hawkins
and Roberts, 1992; Vicki et al., 1997; Nickerson-Tietze, 2000;
Tratalos and Austin, 2001; Lynch et al., 2004; Uyarra and Côté,
2007).

The branching, massive, and nodular types are the primary
growth forms of stony corals at Kish Island. The result of the
present study revealed that there were 14 species of stony corals
(i.e., Acropora downingi, Dipsastraea speciose, D. pallida, D. matthai,
Siderastrea savignyana, Psammocora contigua, Plesiastrea versipora,
Platygyra daedalea, Cyphastrea serailia, C. microphthalma, Porites
harrisoni, P. lutea, Turbinaria peltata, Pavona decussate) belonging
to the eight families at Kish Island. The distribution of coral reefs
is variable, and the greatest coverage occurs in the eastern reefs
of the island (Table S4). The amount of CFfg was calculated from
the following formula:

CFfg = 1 −
C(% fragile coverage)

100%
In this formula, CFfg is the fragility factor, and C is the percent-

age of fragile cover. According to the above formula, the amount
of fragility factor for each reef is as estimated in Table S4.

The correction factor of damage caused by touching (CFdt), as
a limiting factor, subtracts the mathematical expectation or rate
of damage caused by contact with divers. To calculate this factor,
the frequency of touching with corals was estimated. According to
the previous studies in the Mexican Pacific (Alonso-Domıńguez,
2009), the frequency of contact of corals by divers is as shown
in Table S5. Since these values have not yet been calculated for
the Middle East region, the values in the same table were used to
calculate the CFdt for Kish Island.

The CFdt was calculated by the following formula:

CFdt = 1 − (
Frequency of touches/diver/min

Divetime(min)
× 100)

In this formula, the frequency of contact with corals for each
diver per minute in case of deduction and the duration of diving
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Table 5
The values of each criterion for estimating the physical carrying capacity (PCC) for each reef in Kish Island.
Reef name S (m) SP (m) NV

(visits per day)
Vt (min) Tv (min) PCC

(visitors per day
for given site)

Park-e Dolphin 400 4.00 5.3 480 90 533
Big Coral 368.42 4.00 5.3 480 90 491
Taban 567.65 4.00 5.3 480 90 757
Zoo Beach 550 4.00 5.3 480 90 733
Toranj 2666.67 4.00 5.3 480 90 3556
Hoor 209.68 4.00 5.3 480 90 280
Bungee Jumping 1250 4.00 5.3 480 90 1667
in minutes is the denominator. According to the above formula,
the amount of CFdt for each reef is as estimated in Table S6.

To calculate the wind accessibility correction factor (CFwind),
he maximum suitable wind speed under which it is possible to
ive on Kish Island was obtained from the website of the Iran
eteorological Organization. According to the managers of diving
lubs on Kish Island, diving operations in the east of the island can
e performed at wind speeds of less than 32 km per hour under
he Shamal (north) wind and 24 km per hour under Quas (Kaus,
owshee) wind that is a gale-force southeasterly wind.
According to 10-year (2007 to 2017) statistics of wind speed,

he number of days when the wind speed is more than the above
alues and diving operations are not possible is 45 days a year on
verage in Kish Island. Similarly, the number of days when SCUBA
iving is possible is equal to 320 days. The amount of CFwind is
alculated by the following formula:

Fwind = 1 −
hl
ht

In this formula, hl is the number of hours with the limited wind
(suitable for SCUBA diving) per year (320 days × 8 h per day),
nd ht is the total number of hours per year when SCUBA diving
s possible according to the hours with natural daylight (365 days
8 h a day). Accordingly, the CFwind for each reef is as estimated

n Table S7.
Using the values of each correction factor, the real carrying

apacity (RCC) is calculated based on the following formula and
ts values for each reef are as estimated in Table 6.

CC = PCC × CFsoc × CFfg × CFdt × CFwind

Tourism carrying capacity (TCC) for the surveyed reefs in Kish Is-
land was calculated following the method suggested by Cifuentes
et al. (1999) based on management capacity (MC) and taking into
account variables such as existing tourism infrastructure, equip-
ment, professional capacity, and availability of the environment
personnel guards and service providers. Optimal management
capacity is one of the most favorable conditions in which the
department related to the management of coral reefs in the Kish
Free Zone Organization has developed its activities to achieve the
intended objectives (Cifuentes et al., 1999). For each variable, dif-
ferent components were considered to facilitate the estimation of
management capacity. These components include: (1) infrastruc-
ture, such as an office on the island, residential housing for staff,
meeting rooms, camping area, trash cans, recycling system, chairs
and benches, desks, toilets, baths and showers, drainage or septic
tank (wastewater treatment systems), a workshop, a warehouse,
mooring pier, buoy, footpaths, road signs and symbols, site map,
electricity, and drinking water; (2) equipment, such as meteoro-
logical stations, vehicles, and service ships, diving equipment, air
compressors, radio communications, fire extinguishers, first aid
kits, screens and projection equipment, computers, chainsaws,
wheelbarrows, dollies, GPS, and compass; and (3) personnel, such
as administrators, rangers, dive guides, service operators, certified
boatmen, certified divers, operational protocols and instructions,
6

safety protocols and instructions, and sites use regulations. These
components were evaluated according to four criteria including
quantity, state, functionality, and location: (1) quantity, which
estimates the percentage of the relationship between the avail-
able value and the desired value; (2) state, which refers to the
conditions of protection and use of each component, such as its
maintenance, cleanliness and safety, adequate and safe use of
installations, facilities or equipment; (3) location, which includes
the appropriate location and spatial distribution of personnel in
the area, equipment and infrastructure, and ease of access to
these resources; and (4) functionality, which is the result of com-
bining the two criteria of state and location, that is, the practical
application of the relevant component to both the criteria of
staff and visitors. Although these criteria do not represent the
totality of options for evaluating and determining the island’s
management capacity, they are nevertheless sufficient to achieve
a good approximation.

Finally, in order to have a more objective estimation of the
island’s management capacity, the qualitative criteria were con-
verted to quantitative and percentage-based criteria, from ‘‘not
satisfactory’’ equal to zero (>35%), ‘‘low satisfactory’’ equal to 1
(55%–35%), ‘‘satisfactory’’ equal to 2% (% 75%–55%), ‘‘high sat-
isfactory’’ equal to 3% (% 90%–75%), to ‘‘very high satisfactory’’
equal to 4 (90% ≤). The management capacity (MC) of Kish Island
was estimated by calculating the average values of infrastructure,
equipment, and personnel variables (Table 7). Using the values
calculated for management capacity, the tourism carrying capac-
ity (TCC) for each reef was calculated (Table 7) from the following
formula.

TCC = RCC × MC

In this formula, TCC is the tourism carrying capacity, RCC is the
real carrying capacity and MC is the management capacity. The
TCC is expressed as the number of diving groups per day, and the
number of dives per year, assuming that each group consists of
nine visitors (one guide and eight tourists).

3. Results

3.1. The general condition of coral reefs and associated reef fish in
Kish Island

The seabed in all the studied reefs mainly follows a more or
less uniform morphology. So that the sea bed along the vertical
section from the shore to the sea is formed by three zones with
a relatively gentle slope: (1) Sand and silt area: The seabed from
a depth of zero to 3 m is mainly covered by sediments consisting
of sand and silt with a particle size of 0.63–1.63 mm; (2) Coral
area: the seabed from a depth of 3 to 18 meters is mainly covered
by sand, rocks, and coral colonies. The most turbulent areas are
characterized by robust and wave-resistant corals of massive
and submassive species (e.g., Porites, Platygyra, Dipsastraea), high
surf areas by wave-resistant morphotypes of branching species
(e.g., Acropora), intermediate depths (e.g., 5–8 m depth) by corals
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Table 6
The values of each correction factor and the real carrying capacity (RCC) for each reef in Kish Island.
Station PCC CFsoc CFfg CFdt CFwind RCC

(dives/day)
RCC
(dives/day)

Park-e Dolphin 533 0.250 0.84 0.81 0.78 70.76 377.13
Big Coral 491 0.250 0.89 0.81 0.78 69.47 370.28
Taban 757 0.250 1.00 0.81 0.78 119.81 638.58
Zoo Beach 733 0.250 0.79 0.81 0.78 92.11 490.95
Toranj 3556 0.250 0.86 0.81 0.78 487.00 2595.69
Hoor 280 0.250 0.96 0.81 0.78 42.48 226.44
Bungee Jumping 1667 0.250 0.96 0.81 0.78 253.86 1353.05
Table 7
Values for calculating each of the variables used in the calculation of management capacity (MC), real carrying capacity (RCC), and tourism carrying capacity (TCC).
Variables Facilities Park-e

Dolphin
Big Coral Taban Zoo Beach Toranj Hoor Bungee

Jumping

Infrastructure

Office 4 4 4 4 4 4 4
Residential housing for staff 4 4 4 4 4 4 4
Meeting rooms 4 4 4 4 4 4 4
Trash cans 0 4 4 4 0 2 0
Recycling system 2 2 2 2 2 2 2
Chairs and benches 0 3 3 4 0 3 0
Desks 0 0 0 0 0 0 0
Baths and showers 4 4 4 4 4 4 4
Drainage or septic tank
(wastewater treatment
systems)

4 4 4 4 4 4 4

Workshop 4 4 4 4 0 0 0
Warehouse 0 0 0 0 0 0 0
Mooring pier 0 4 4 4 0 0 0
Buoy 0 4 0 4 0 0 0
Footpaths 4 4 4 4 4 4 4
Road signs and symbols 0 0 0 0 0 0 0
Site map 0 0 0 0 0 0 0
Electricity 0 4 4 4 0 0 0
Drinking water 0 4 4 4 0 4 4

Mean 1.6667 2.9444 2.7222 3.0000 1.4444 1.9444 1.6667

Equipment

Meteorological stations 4 4 4 4 4 4 4
Vehicles and service ships 4 4 4 4 4 4 4
Diving equipment 4 4 4 4 4 4 4
Air compressors 4 4 4 4 4 4 4
Radio communications 4 4 4 4 4 4 4
Fire extinguishers 0 0 0 0 0 0 0
First aid kits 4 4 4 4 4 4 4
Screens and projection
equipment

4 4 4 4 4 4 4

Computers 4 4 4 4 4 4 4
Chainsaws 0 0 0 0 0 0 0
Wheelbarrows 0 0 0 0 0 0 0
Dollies 4 4 4 4 4 4 4
GPS 4 4 4 4 4 4 4
Compass 4 4 4 4 4 4 4

Mean 3.1429 3.1429 3.1429 3.1429 3.1429 3.1429 3.1429

Personnel

Administrators 4 4 4 4 4 4 4
Rangers 4 4 4 4 4 4 4
Certified boatmen 1 1 1 1 1 1 1
Certified divers 4 4 4 4 4 4 4
Operational protocols and
instructions

0 0 0 0 0 0 0

Safety protocols and
instructions

1 1 1 1 1 1 1

Site use regulations 2 2 2 2 2 2 2

Mean 2.2857 2.2857 2.2857 2.2857 2.2857 2.2857 2.2857

Management capacity (MC) (%) 2.3651 2.7910 2.7169 2.8095 2.2910 2.4577 2.3651
Real carrying capacity (RCC)
(Dives/day)

70.76 69.47 119.81 92.11 487.00 42.48 253.86

Tourism carrying capacity (TCC)
(Dives/day)

167.35 193.90 325.51 258.79 1,115.71 104.41 600.39

Tourism carrying capacity (TCC)
(Dives/year)

59,575 69,027 1,15,882 92,128 3,97,193 37,171 2,13,738
with a wide diversity of morphologies, and greater depths (>8 m)
y flattened and plating morphologies (e.g., Turbinaria, Pavona);

and (3) Coastal alluvial area: The seabed at depths beyond 18 m
7

is mainly covered by fine sand and silt and mostly with a grain

size of 0.63 mm.
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Fig. 2. Distribution pattern of hard live corals on reefs around Kish Island.
The highest percentage of live coral cover was found at Park-e
olphin reef, followed by Big Coral and Zoo Beach (east of the
sland) and then at Toranj reef in the northwest of the island
Fig. 2). The highest percentage of recently dead coral cover was
bserved in the northwest of the island at Hoor reef, followed by
ungee Jumping and Toranj. The highest percentage of nutrient
ndicator algae (i.e., turf algae > 2.5 cm in length, fleshy algae,
plantlike grapes like) such as brown Ulva algae, different types of
green/blue algae, and algae containing air bubbles was recorded
at Taban reef in the east of the island. The highest percentage of
coral rubbles, the remnants of recently killed corals, were found
at Big Coral reef, followed by Hoor, Bungee Jumping, and Park-e
Dolphin reefs, indicating the presence of more branched corals at
these stations in the past.

At the time of the present study, the hard corals in studied
reefs in Kish Island were mainly dominated by submassive and
massive corals consisting of 14 species of stony corals (i.e., A.
owningi, D. speciose, D. pallida, D. matthai, S. savignyana, P. con-

tigua, P. versipora, P. daedalea, C. serailia, C. microphthalma, P.
arrisoni, P. lutea, T. peltata, P. decussate) belonging to the eight
amilies. The biodiversity of stony corals was variable with the
reatest diversity in the eastern reefs of the island. The highest
pecies number was recorded in Toranj reef with 10 species and
he lowest in Taban reefs with two species.

Reef fishes were represented by 33 species belonging to 30
enera and 20 families. Pomacentridae with seven species was
he most diverse group. Lutjanidae followed by Pomacentridae
ere the most abundant families (Bargahi et al., 2020). In terms
f reef fish species richness, Toranj and Big Coral reefs with 29
pecies were the specious reefs and Taban reef with 20 species
as the poorest reef. In terms of abundance, reefs located in the
ast of the island were more populated by reef fish than those
eefs on the western side of the island.

.2. The effect of SCUBA diving activities on reef health

The RHI index showed that, except Taban reef with a fair
ondition, the health condition of the remaining reefs was good
Fig. 3). According to the RHI, except for the Taban reef, the
ealth condition of the remaining reefs was higher in March 2017
s a period with maximum visitors to coral reefs than that of
ecember 2018 as a period with the lowest number of visitors.
Expect Taban reef, with the RHI index above 4 which indicates

good health condition for the remaining six reefs, the RHI index
or reefs in Big Coral, Park-e Dolphin, and Zoo Beach as the
rowded locations and Toranj as the quiet tourism location, were
enerally higher than that of reefs in Hoor and Bungee Jumping
s the quiet tourism locations (Fig. 3).
8

3.3. Tourism suitability index (TSI) of reefs for snorkeling and SCUBA
diving

The results of the TSI calculation for snorkeling activity showed
that all seven coral reefs were in a suitable category for this
activity (Table 8, Fig. 4). The results of the TSI calculation for
SCUBA diving activity showed that except for the Taban reef that
was in the conditional suitable category, the remaining reefs were
in the suitable category for this activity (Table 8, Fig. 5).

3.4. The tourism carrying capacity of reefs for SCUBA diving

The values for the physical (PCC), real (RCC), and tourism (TCC)
carrying capacities per day and year for each reef in Kish Island
are presented in Table 9. The PCC ranged from 279.7 divers per
day in Hoor reef to 3555.6 divers per day in Toranj reef. The RCC
ranged from 226.4 divers per day in Hoor reef to 2595.7 divers per
day in Toranj reef. Similarly, the lowest and highest TCC, which
indicate the number of visitors (divers) per day or year, were
estimated in the Hoor reef and Toranj reef, respectively (Fig. 6).

4. Discussion

The biological diversity of the reefs of Kish Island renders it
an attractive destination for water sport activities in the north-
ern Persian Gulf. However, the fragile coral ecosystems of the
island, which have been adversely affected by climate change-
driven tensions and coastal development, lack the capacity to
withstand any additional pressure from water sports. Therefore,
it is important to develop an appropriate zoning plan and es-
tablish criteria for using ecosystem services commensurate with
its carrying capacity. Thus, the approach proposed in the present
study to assess the suitability and carrying capacity of reefs in
Kish Island consider not only environmental concerns but also
existing infrastructures, the accessibility, and security conditions
for high-quality recreational diving. All of these considerations
alternately reduce the potential impact of visitors and have pos-
itive consequences for the conservation of the coral reefs in Kish
Island, as any change in the island’s coral ecosystems could have
consequences for its biodiversity.

4.1. Effects of water sports on coral reefs and associated reef fish in
Kish Island

The highest percentage of live coral cover was found at Park-
e Dolphin reef, followed by Big Coral and Zoo Beach (east of
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Fig. 3. The variation of the RHI index in March 2017 as a period with maximum visitors to coral reefs and December 2018 as a period with the lowest number of
visitors across seven reefs in Kish Island.
Fig. 4. Tourism suitability index (TSI) for snorkeling activity in Kish Island.
Table 8
Tourism suitability index (TSI) of reefs for snorkeling and SCUBA diving in Kish Island. TSI (S1) = 83–100% (very suitable), TSI (S2)
= 50 − <83% (suitable), TSI (S3) = 17 − <50% (conditional suitable), and TSI (N) = <17% (not suitable).
Reef TSI for

snorkeling (%)
Suitability TSI for SCUBA

diving (%)
Suitability

Park-e Dolphin 62.96 Suitable 61.11 Suitable
Big Coral 62.96 Suitable 66.67 Suitable
Taban 55.56 Suitable 50.00 Conditional suitable
Zoo Beach 70.37 Suitable 72.22 Suitable
Toranj 61.11 Suitable 63.89 Suitable
Hoor 51.85 Suitable 55.56 Suitable
Bungee Jumping 51.85 Suitable 55.56 Suitable
the island) and then at Toranj reef in the northwest of the is-
land. The highest percentage of recently dead coral cover was
observed in the northwest of the island at Hoor reef, followed by
Bungee Jumping and Toranj. The highest percentage of nutrient
indicator algae (i.e., turf algae > 2.5 cm in length, fleshy algae,
plantlike grapes like) such as brown Ulva algae, different types of
green/blue algae, and algae containing air bubbles was recorded
at Taban reef in the east of the island, indicating an increase in
9

material load. It seems that the construction of a recreational
breakwater at Taban reef has disrupted the natural flow of water
in this area, which in turn has led to water stagnation and
increased nutrient load. Increasing the percentage of algae in
this reef occupies hard beds and reduces the chances of coral
larvae settling. On the other hand, the water of this reef had
high turbidity reducing the penetration of light required for coral
reefs. It is well known that light transmission through the water
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Fig. 5. Tourism suitability index (TSI) for SCUBA diving activity in Kish Island.
Fig. 6. Tourism carrying capacity (diver per day) for SCUBA diving activity in Kish Island.
Table 9
The values for the physical (PCC), real (RCC), and tourism (TCC) carrying capacities per day and year for each reef in Kish Island.
Reef PCC (diver/day) RCC (diver/day) TCC (diver/day) TCC (diver/year)

Park-e Dolphin 533.33 377.13 167.35 59575
Big Coral 491.23 370.28 193.90 69027
Taban 756.87 638.58 325.51 115882
Zoo Beach 733.33 490.95 258.79 92128
Toranj 3555.56 2595.69 1115.71 397193
Hoor 279.57 226.44 104.41 37171
Bungee Jumping 1666.67 1353.05 600.39 213738

The total number of divers allowed per day and year
in seven reefs

2766.05 984712.51
10
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olumn decreases exponentially with particle concentration and
epth (Kirk, 1994). Accordingly, the probability of coral reefs
eturning to Taban reef is very low due to the reduction of the
ard bed surface and reduced light penetration. Previous studies
ave documented the damaging effects of microalgae on corals
n particular during their early life history stages. These include
eductions in successful coral larvae settlement due to reductions
n settlement space because of increased sediment trapping by
lgae (Birrell et al., 2005), occupied settlement space by algae
vergrowth (Olsen et al., 2016), direct inhibition of settlement via
llelochemicals (Paul et al., 2011; Dixson et al., 2014), reductions
n light availability (Strader et al., 2015), and direct physical
brasion of newly settled and young corals (Box and Mumby,
007; Venera Ponton et al., 2011).
The highest percentage of coral rubbles, the remnants of re-

ently killed corals, were found at Big Coral reef, followed by
oor, Bungee Jumping, and Park-e Dolphin reefs, indicating the
resence of more branched corals at these reefs in the past. Due
o the bleaching event driven by the rising water temperature
n the summer of 2017, the corals in some parts of the Gulf
ave been suffered greatly. The bleaching was the result of an
xtended period of summer calm, which resulted in reef bottom
emperatures reaching 37.7◦C in some parts of the Gulf, with
emperatures exceeding lethal thresholds for over 9 days (Papar-
lla et al., 2019). The impact of exceeding temperature during
ummer 2017 appeared afterward when two-third of corals were
ost to mortality between April and September 2017 (Burt and
artholomew, 2019; Burt et al., 2019). Coral bleaching in summer
017 also had a substantial adverse impact on reefs across the
orthern Persian Gulf by killing the entire shallow water Acropora
ones. Likewise, the reefs in Kish Island experienced a 95% loss
uring peak bleaching in summer 2017. Mortality sustained after
eak bleaching on this island, and by March 2018 coral cover
veraged just 6.5%, but this was followed by a slow recovery in
hich by February 2019 coral cover reached 13.2% (Bargahi et al.,
020). The 2017 bleaching did not cause intense shifts in the coral
ommunity composition, because earlier events have eliminated
he most sensitive taxa (Burt and Bartholomew, 2019).

At the time of the present study, the hard corals in studied
eefs in Kish Island were mainly dominated by submassive and
assive corals consisting of 14 species of stony corals belong-

ng to the eight families. The biodiversity of stony corals was
ariable with the greatest diversity in the eastern reefs of the
sland. The highest species number was recorded in Toranj reef
ith 10 species and the lowest in Taban reefs with two species.
omparison of coral species diversity in this study with previous
tudies indicates a decrease in biodiversity. In 2001, for example,
1 species of stony corals were reported from Kish Island (Fatemi
nd Shokri, 2001). The decrease in species diversity of stony coral
pecies in Kish Island in recent years indicates the impact of the
oncurrent occurrence of the bleaching phenomenon and possibly
he increase in the effects of destructive human activities on
ish Island. The findings from the present study suggest that the
bserved extensive degradation of coral reefs in Kish Island has
een due to climate phenomenon rather than diving pressure that
as locally impacted some crowded reefs.
Anchors from boats can cause considerable damage to coral

eefs, including breakage, fragmentation, and direct injury to the
eef ecosystem ultimately reducing coral cover, reductions in the
iodiversity of corals and reef fish, and also reducing the struc-
ural complexity of coral reefs (Hawkins et al., 1999). Previous
tudies have shown a direct and positive relationship between
ed complexity and species richness and biodiversity of reef fish
Risk, 1972; Luckhurst and Luckhurst, 1978; Carpenter et al.,
981; Roberts and Ormond, 1987). The higher the complexity of

he sea bed, the higher the species richness and biodiversity of

11
reef fish. Therefore, one of the adverse effects of anchors is the
breakage, fragmentation, and direct injury to the coral colonies
that may lead to the reduced structural complexity of coral reefs
and a decline in the species richness and biodiversity of reef
fish. Mechanical contact of diving equipment and boat anchors
with coral colonies may result in breakage and abrasion of the
corals, thereby making the corals more susceptible to invasion
by pathogens and bioeroding organisms, possibly increasing mor-
tality (Hawkins and Roberts, 1992; Lamb et al., 2014). Previous
studies have shown that the intensity of coral bioerosion ob-
served in the Persian Gulf appears to be higher than elsewhere in
the world (Jafari et al., 2016; Al-Mansoori et al., 2020), therefore,
any factor that weakens corals against bioeroding organisms may
exacerbate degradation of corals in this region.

To reduce the adverse effects of boat anchors on coral reefs of
Kish Island, it is necessary to install floating buoys and encourage
the boaters to use them. Of the seven reefs surveyed around Kish
Island, only the Big Coral and Zoo Beach reefs have floating buoys.
Therefore, the possibility of degradation of coral beds by anchors
in other reefs is very likely.

In terms of reef fish species richness, Toranj and Big Coral
reefs with 29 species were the specious reefs and Taban reef
with 20 species was the poorest reef. In terms of abundance,
reefs located in the east of the island were more populated by
reef fish than those reefs on the western side of the island.
Previous studies have shown that manual feeding of reef fish may
lead to changes in the natural composition of coral communities,
adversely affecting a certain group of fish while favoring others,
especially snappers and moray eels (Sweatman, 1996; Hawkins
et al., 1999). Manual feeding of fish may also encourage fish
to behave aggressively towards divers to receive food (Hawkins
et al., 1999). However, some people in favor of feeding fish believe
that doing so will engage divers in the activity and cause less
damage to vulnerable parts of coral reefs (Hawkins et al., 1999).
In the present study, the abundance of Abudefduf also known
as the sergeant-majors, which is a non-edible fish and is usually
attracted to hand feeding, were higher at Big Coral and Zoo Beach
reefs, which are the main destinations of visitors, indicating the
effect of manual feeding on the behavior of this fish. A similar
trend was observed for the moray eel in crowded reefs of Big
Coral and Zoo Beach where these fish swim very close to the
divers waiting for food.

The collision of the bottom of the boats with the coral colonies
causes irreparable effects on the coral reefs through breakage,
fragmentation, and direct injury to the coral colonies and mak-
ing the coral skeleton defenseless against the entry of borers.
Boring organisms such as barnacles, bivalves, bristle worms, and
boring sponges dig and nest coral skeletons through mechanical
and chemical tools (Hutchings, 1986; Hutchings et al., 2005). A
recent study exploring the effect of ship groundings on coral reefs
in the Philippines has shown a direct association between the
prevalence of coral disease with ship grounding (Raymundo et al.,
2018). Among the seven studied reefs on Kish Island, the effects
of the boat collision in the form of breakage, fragmentation and
direct injury on coral colonies were evident at Big Coral, Zoo
Beach, and Park-e Dolphin reefs as crowded reefs.

Except for the Taban reef with the fair health condition, RHI
index above 4 which indicates a good health condition for the
remaining six reefs, reveals that the water sports have not largely
affected the health condition of coral reefs in Kish Island. RHI
index for reefs in Big Coral, Park-e Dolphin, and Zoo Beach as
the crowded reefs and Toranj as the quiet tourism location, were
generally higher than that of reefs of Hoor and Bungee Jumping
as the quiet tourism locations. Unlike Taban reef, the higher RHI
for the other six reefs in March 2017 as a period with maximum

visitors to coral reefs than that of December 2018 as a period with
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he lowest number of visitors may be due to the bleaching event
n the summer of 2017. The impact of exceeding temperature dur-
ng summer 2017 appeared afterward when two-third of corals
ere lost to mortality between April and September 2017 in some
arts of the Gulf (Burt and Bartholomew, 2019). Likewise, the
eefs in Kish Island experienced a 95% loss during peak bleaching
n summer 2017. Mortality sustained after peak bleaching on this
sland, and by March 2018 coral cover averaged just 6.5%, but this
as followed by a slow recovery in which by February 2019 coral
over reached 13.2% (Bargahi et al., 2020).

.2. Tourism suitability index (TSI) of reefs for snorkeling and SCUBA
iving

The results of the TSI calculation for snorkeling activity showed
hat all seven coral reefs were in a suitable category for this
ctivity. Yet, snorkeling in Kish Island is not a common activity,
ecause the visitors feel unsafe due to a large number of passing
oats in the coastal area.
The results of the TSI calculation for SCUBA diving activity

howed that except for the Taban reef that was in the conditional
uitable category, the remaining reefs were in the suitable cate-
ory for this activity. The main reason for the conditional suitable
ategory for Taban reef is that the visitors to this reef feel unsafe
ue to a large amount of passing boats that is due to proximity to
he recreational pier. The high water turbidity and low visibility
hat is driven by stagnant water and increased nutrients level
n the water column are other reasons for a conditional suitable
ategory for Taban reef. However, due to the relatively significant
ourism Carrying Capacity (TCC) of about 263 divers per day,
aban reef can be turned into a suitable diving destination and
educe the tourist pressure from the other two reefs (i.e., Big
oral, Zoo Beach).

.3. The tourism carrying capacity of reefs for SCUBA diving

Comparison of TCC across reefs in Kish Island indicates that
he total number of possible dives in all four reefs located in
he east of the island (i.e., Park-e Dolphin, Big Coral, Taban, Zoo
each) with a total capacity of 945.5 divers per day is less than
he total possible diving in all three reefs located in the west
f the island (i.e., Toranj, Hoor, Bungee Jumping) with a total
umber of 1,820.5 divers per day. Meanwhile, most of the SCUBA
iving activities on the island are being practiced in the two reefs
f Big Coral (28.75%) and Zoo Beach (57.14%). Taban reef with
he possibility of accepting 325.5 divers per day has a significant
otential compared to the two reefs of Big Coral and Zoo Beach
ith the possibility of accepting 193.9 and 258.8 divers per day,
espectively.

Taban reef is one of the least popular destinations for divers
n the east of the island. According to observations, about 10
oats each with at least 15 tourists visit each of the two reefs of
ig Coral and Zoo Beach five times a day. Thus, daily about 750
ivers visit each of the reefs, which is about four times above the
alculated TCC for these two reefs. The current levels of diving
t two reefs of Zoo Beach and Big coral as crowded locations all
ocated on the east of Kish Island fall above the calculated tourism
arrying capacity (TCC), suggesting that presently diving in these
eefs is beyond sustainable limits.

Toranj and Bungee Jumping reefs, with the capacity to accept
,115 and 600 divers per day, respectively, have good potential as
ew diving sites. However, according to the present study, these
wo reefs are one of the least popular destinations for divers on
he island due to their relatively long distance from diving clubs.
iven the rocky shore and the presence of relatively strong sea
urrents, the Hoor reef in the west of the island has less potential
12
than Toranj and Bungee Jumping reefs as a suitable site for diving
activities.

Comparison of TCC for the crowded diving sites in Kish Island
(i.e., Park-e Dolphin, Big Coral, Taban, Zoo Beach) with a total
capacity of 945.5 divers per day and some diving sites in Saba and
Bonaire (Netherlands Antilles) and Egypt (Hawkins and Roberts,
1997) with carrying capacity of 13–16 divers per day and Tidung
Island (Indonesia) (Simanjuntak and Supriharyono, 2018) with
carrying capacity of 60–300 divers per day, shows that the reefs
in Kish Island may support more divers.

Kish Island with substantial biological diversity and scenic
beauty is the most visited destination for ecotourism activities
in the northern Persian Gulf. Nevertheless, due to the small size
of the island and the fragility of its coral reef ecosystems, it is
important to create an appropriate zoning plan and to establish
criteria for using ecosystem services following its environmental
and socio–economic characteristics. Thus, the calculated TCC for
the reefs in this island considers not only environmental ques-
tions but also economic and social issues, including scenic beauty
and the presence of charismatic species such as stony corals,
echinoderms, reef fishes, as well as the security, infrastructure,
and accessibility conditions for high-quality recreational diving.
If properly covered, all of these considerations will minimize
the possible impact of visitors, with substantial consequences for
the conservation of coral ecosystems, because any change in the
island environments could impose adverse consequences on its
biodiversity.

The growing number of diving exercises, on the one hand,
and the major focus of diving activities on the Big Coral and
Zoo Beach reefs is alarming for the urgent need to control and
manage diving activities in the northeast of the island. Therefore,
the primary recommendation is to stop issuing a further license to
establish a diving club on the island. The second recommendation
is the proportional distribution of diving activities across the four
diving destinations in the northeast of the island. In this way,
some visitors using the Big Coral and Zoo Beach reefs will be
encouraged to use the Park-e Dolphin and Taban reefs.

5. Conclusion

In conclusion, the results of the present study revealed that
SCUBA diving activities have relatively damaged coral reefs in
Kish Island. Therefore, to maintain the revenue from water sports,
the officials of the Kish Free Trade Organization must enforce
special management measures. Since more than 90% of diving and
other water sports are exercised under the vision of diving clubs,
so the club managers and diving instructors play an important
role in increasing the level of awareness of visitors to coral
ecosystems. The level of awareness of water recreation operators,
especially those whose activities are directly related to coral reefs,
is generally high. Yet, it seems that the use of information tools
such as signboards (e.g., Protect Coral Reefs, https://reefrelief.org/
wp-content/uploads/2009/05/ProtectPoster.pdf) is not common.
Another way may be instituting a diver permitting system to
track (and limit) the number of divers at specific locations, and
perhaps once the capacity is reached then limiting them at these
locations and only allowing them to go to less pressured areas.

The establishment of Marine Protected Areas (MPAs) is a core
strategy in reducing the impact of the anthropogenic stressors
(e.g., overexploitation of marine resources, destructive fishing,
pollution, irresponsible recreational activities) on the marine en-
vironment, leading to the conservation of marine biodiversity
and populations (Green et al., 2011). Of six management cate-
gories (one with a sub-division) suggested for MPAs (i.e., Strict
Nature Reserve, Wilderness Area, National Park, Natural Mon-
ument or Feature, Habitat/Species Management Area, Protected

https://reefrelief.org/wp-content/uploads/2009/05/ProtectPoster.pdf
https://reefrelief.org/wp-content/uploads/2009/05/ProtectPoster.pdf
https://reefrelief.org/wp-content/uploads/2009/05/ProtectPoster.pdf
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andscape or Seascape, Protected Areas with sustainable use of
atural resources) (Day et al., 2019), assigning Kish Island as a
ational Park can be a strategy for conservation of coral ecosys-
ems in this Island. The National Park is defined as ‘‘Large natural
r near-natural areas protecting large-scale ecological processes
ith characteristic species and ecosystems, which also have en-
ironmentally and culturally compatible spiritual, scientific, edu-
ational, recreational and visitor opportunities’’ (Day et al., 2019).
n doing so, one strategy may be limiting all access to the heavily
isited reefs on a basis of year-round, seasonal, or rotating, all
f which will allow degraded corals to rehabilitate, grow and
eproduce.
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