® MR Iranian Journal of Fisheries Sciences
http:doi.org/ 10.22092/jf5.2025.134036 2025, 24(4) 953-968

[ Downloaded from jifro.ir on 2026-06-25 ]

Research Article

Do the reef-building corals around non-residential Shidvar Island
tend to be symbionts with heat-resistant Clade D?

Ghavam Mostafavi P.'"; Salmanpour M.'; Ahmadi A.'; Qayyem Ashrafi M.2; Parsa S.!;
Dehghani H.!

1 Department of Natural Resources and Environment, SR.C., Islamic Azad University, Tehran, Iran
2Khorramshahr University of Marine Science and Technology, Khorramshahr, Iran
* Correspondence: mostafavi_pa@srbiau.ac.ir

Keywords Abstract

Coral recfs, Coral reefs are considered among the most important marine
Persian Gulf, ) ) ]

Shidvar Island, ecosystems and host a wide range of species, but in most
ITS2 sequencing, phylogenetic tree, habitats, including the Persian Gulf, they are under serious
Symbiodiniaceae

threat due to several factors such as human activities and
climate change. The formation of coral reefs is due to the
symbiosis of a type of symbiotic microalgae that plays an
important role in providing organic matter and calcium

L carbonate sediments for corals. This study investigates and
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molecularly identifies symbiotic microalgae associated with
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pentagona, Anomastrea irregularis, and Acropora arabensis.
the target gene ITS2 was amplified with a zooxanthellae-

Bayesian phylogenetic tree and maximum likelihood were
constructed using MrBayes and Mega5 software.
Phylogenetic results showed the dominance of the heat-
resistant clade D, especially subclade D1a, followed by clade
C1, and the presence of clade A in Leptastrea transversa. The
dominance of clade D, which seems natural due to its high
resistance to thermal stresses, highlights the adaptation and
resistance of the Persian Gulf corals to high temperatures,
salinity fluctuations, and other stressors.
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Introduction

Hermatypic corals, classified within the
phylum Cnidaria and the order Scleractinia,
as one of the most important and diverse
marine ecosystems, cover less than 1% of
the World's seas and ocean floors (Spalding
and Grenfell, 1977). However, they
provide the livelihoods of more than 275
million people (Huang et al., 2021). Coral
reefs are also known as "rainforests of the
seas" (Nama et al., 2023). In addition, 25%
of all known marine species rely on coral
reefs for feeding and habitat (Plaisance et
al., 2011).

The symbiotic relationship between a
type of unicellular algae with hermatypic
corals, which provides the organic
materials needed by the host coral with its
photosynthesis and helps to deposit more
calcium carbonate, causes the creation of
coral reefs (Ghavam Mostafavi et al,
2007;2013; Dehghani et al., 2018; Kaveh et
al., 2025). This dinoflagellate was
previously classified under the genus
Symbiodinium and included clades A-I
(Rowan and Powers, 1991; Pochon ef al.,
2006; Koupaei et al., 2016a,b), which later
studies classified it in the genera
Symbiodinium, Breviolum, Cladocopium,
Durusdinium, Fugacium, Gerakladium,
Halluxium and “Symbiodinium™ Clade I
(LaJeunesse et al., 2018; Arabeyyat et al.,
2024).

The Persian Gulf is a semi-enclosed sea
that connects to the Oman Sea through the
Strait of Hormuz (Sheppard et al., 1992).
As one of the habitats of Reef Building
Corals, the Persian Gulf, due to its location
in the subtropical latitudes, has created
some limitations for coral communities.
Due to the hot summers and cold winters of

the adjacent land masses, the Persian Gulf
also has the largest annual fluctuations in
water temperature (16 to 36°C) among
areas with coral reefs. High salinity and
turbidity in the Persian Gulf have reduced
the diversity of coral reefs in this region,
and the coral reefs of the Persian Gulf are
always under stress due to special
environmental conditions (Baker et al,
2004; Sheppard et al., 2010; Ghavam
Mostafavi et al., 2013; Mashini et al., 2015;
Koupaei et al., 2016a).

Shidvar Island is a small, ecologically
significant island located in the Persian
Gulf, near the southern coast of Iran. It is
part of the Hormozgan Province and lies
close to Lavan Island, one of the country’s
key oil export terminals. Shidvar is
uninhabited by people but holds great
importance for wildlife conservation,
especially birds and marine species
(Rastgoo et al., 2022).

Coral bleaching is a process in which
corals lose their symbiotic algae due to
stressors such as high sea temperatures.
This incident has affected coral ecosystems
in recent decades and it has caused frequent
and more intense bleaching events that have
led to widespread coral mortality and the
decline of this ecosystem. Over-fishing,
pollution, and anthropogenic climate
change have seriously affected the world’s
coral reefs (Hoegh-Guldberg et al., 2007,
Hughes et al., 2018; 2023). Coral bleaching
i1s a critical threat to marine biodiversity
(Eakin ef al., 2019). In the Persian Gulf, the
bleaching of corals has also intensified due
to the increase in sea temperature, which
has led to significant destruction of coral
communities in recent years in this unique
region (Riegl and Purkis, 2012).
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This research has the objectives to identify
hard corals and phylogeny of their
symbionts in coral reefs off Shidvar Island,
Persian Gulf.

Material and methods

Sampling area

Sampling was conducted from Shidvar
Island, located on the northern coasts of the
Persian Gulf (Fig. 1) at 53° 25’ longitude
and 26° 47’ latitude, in May 2020 by scuba
diving. The Manthatow survey was carried
out with the purpose of finding the
distribution of coral reefs around Shidvar

Island. Coral samples were collected from
five transects (Fig. 2), whose coordinates
are listed in Table 1. Collected samples
were preserved in 20% dimethyl sulfoxide
(DMSO) buffer saturated with NaCl
(pH=8) and were transferred to the marine
biology laboratory in the Razi Laboratory
Complex, Islamic Azad University, Science
and Research Branch, and stored in freezer-
20. The samples were classified in the
laboratory using the Veron identification
key (Veron, 2000).
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Figure 1: Geographical location of Shidvar Island.

Molecular analysis

DNA was extracted by the CTAB-
Chloroform method (Baker, 1999; Bazzaz
et al., 2024; Kaveh et al., 2025) and then
the target gene ITS2 (Pochon et al., 2007)
were amplified with the primers ITS2F: 5'-
GTGAATTGCAGAACTCCGTG-3" and
ITS2R: 5’
CCTCCGCTTACTTTATATGCTT-3'

with the following thermal profile: initial
94°C, 5 min following 30 cycles of 30 s at
94°C, 1 min at 60°C, 30 s at 72°C and a
final extension 5 min at 72°C. PCR product
sequencing was done by the Dideoxy Chain
Termination method at Alpha Sequencing
Company in the United States using an ABI
model 23730x machine. All of the
symbiotic microalgae sequences obtained
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from 17 coral samples were used for
phylogenetic analyses. As some of the
sequences are exactly similar, 16 sequences
were aligned using ClustalX (Version:
2,0,12-win-msi) (Thompson et al, 1994).
After checking all of the electrophoregram
9 of the sequences have been submitted in
GenBank, the accession number of them
were shown in Table 2. for this purpose, the

submitted sequences with highest identity
in NCBI have been used, all the alignment
sequences were used to draw phylogenetic
tree using MrBayes software (Version
3.2.7a), Bootstraps 1000, GTR+G model,
outgroup Gymnodinium beii and tree was
rooted on outgroup.

N
W$E
Persian Gulf o
z| Lavan =
Z
0_02_50.5 1 1.5 ZK“N“MP‘_S
53°23'0"E 53°24'0"E S53°25'0"E 53°26"0"E
Figure 2: Sampled location (Transects 1-5).
Table 1: Geographical location and depth of sampled areas.
Transect number Longitude (E) Latitude (N) Depth
1 53°25'5.94" 26° 47 21.72" 35-45
2 53° 24" 6.66" 26° 47" 40.38" 35-45
3 53° 24" 16.80" 26°47'19.80" 25-32
4 53°24'21.60" 26°47' 52.02" 22-2.7
5 53°32'48.90" 26°47'13.02" 45-49
Results Transect 1
Coral Diversity The 8 corals observed in Transect 1 were:

After surveying all the transects, the results
showed that there are 17 distinct Species of
reef-building corals around Shidvar Island.
The names of coral species and where they
were located are as follows:

Porites lobate, Dipsatrea pallida, Porites
compressa, Dipsatrea matthaii, Acropora
downingi, Platygyra daedalea, Plesiastrea
versipora, and Cyphastrea serailia (Figs. 3
and 4).


http://jifro.ir/article-1-6053-en.html

[ Downloaded from jifro.ir on 2026-06-25 ]

Iranian Journal of Fisheries Sciences 24(4) 2025

957

Table 2: Accession number of submitted sequences in GenBank.

Accession Number

Microalgae type

Host

1 PQ637480
2 PQ637481
3 PQ637482
4 PQ637483
5 PQ637484
6 PQ637485
7 PQ637486
8 PQ637487
9 PQ637488

Cladocopium (Clade C)

Cladocopium (Clade C )
Cladocopium (Clade C)
Cladocopium (Clade C)

Durusdinium (Clade D)
Durusdinium (Clade D)
Durusdinium (Clade D)
Durusdinium (Clade D)

Symbiodinium (Clade A)

Porites compressa

Porites lobata
Psammocora stellata

Porites sp.
Platygyra sinensis
Cyphastrea microphthalma
Cyphastrea serailia
Pavona decussata

Leptastrea transversa

A Porites lobata

c Porites compressa

Dipsatrea pallida B

Dipsatreamatthaii D

Figure 3: (A) Porites lobata, (B) Dipsatrea pallida, (C) Porites compressa, (D) Dipsatrea matthaii.

Transect 2

The 4 coral species observed in Transect 2

Transect 3

were: Cyphastrea microphthalma, Transect

Leptastrea travsversa, Platygyra sinensis,

and Porites sp. (Fig. 5).

3. Pavona decussata,

Psammocora stellata (Fig. 6).

Two coral species were observed in

and
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Platygyra daedalea B

c Platygyra sinensis

Figure 5: (A) Cyphastrea microphthalma, (B) Leptastrea transversa, (C) Platygyra sinensis, (D) Porites sp.
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Pavona decussate

Transect 4
Four species were observed in Transect 4

Figure 6: (A) Pavona decussate, (B) Psammocora stellata.

Favites pentagona, Psammocora stellata,
Platygyra sinensis, and Porites sp. (Fig. 7).

»
Psamnocora stellata §9

Platygyra sinensis D
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Transect 5
The 2 coral species observed in Transect 5

A Anomasteeairregularis

5 g

A

=

Phylogenetic analysis

PCR amplifications of the ITS2 region
provided products of approximately 350 bp
in length. The NCBI and GeoSymbio
BLAST tools found that all of the ITS2
sequences obtained in this study had been
previously reported and belong to three
different types of symbiotic micro algae: C,
D, and A. None of the sequences from this
study had any indels or mismatches in the
alignments with reference sequences from
GenBank. Sixteen sequences, obtained
from P. lobata, D. pallida, P. compressa,
D. matthaii, A. downingi, P. daedalea, P.
versipora, C. serailia, C. microphthalma,
L. travsversa, P. sinensis, Porites sp., P.
decussata, P. stellata, F. pentagona, A.
irregularis, and A. arabensis colonies,

>

Figure 8: (A) Anomastrea irregularis, (B) Acropora arabensis.

were:  Anomastrea  irregularis, and

Acropora arabensis (Fig. 8).

showed a double peak in their
chromatograms similar to endosymbiont
type D1. Nonetheless, the presence of other
non-dominant  symbiotic ~ microalgae
populations is also possible (<10%; Mieog
et al, 2007) and therefore the sequences
resulting from this study were considered as
the dominant type of endosymbiont within
each specimen rather than the only one. The
seven remaining sequences of Durusdinium
(formerly named clade D), all of which
were acquired from D. matthaii, D. pallida,
A. downingi, P. daedalea, C. serailia, C.
microphthalma, and P. decussata colonies,
were identified to be 100% similar to the
previously  reported subclade Dla;
JX845339, while the other eight sequences
of endosymbiont, hosted by Porites sp., P.
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compressa, P. lobata and Psammocora
stellata were identical to subclade Cl;
AF333515. Only one of the coral species L.
travsversa hosted clade A, which showed
more similarity to clade A; JQ518393.
Details are shown in Table 2.

The phylogenetic reconstructions of
ITS2 rDNA sequences divided clade D
Symbiodinium into three different major
subclades. As shown in Figure 9, subclade
Dla from this study formed a fairly well-
supported monophyletic subclade
(ML=100%, PP = 78%) with the previously

Gymnodinium beii DQ195374

87/99

o

-/7

93/99 100/78

62/63

-/100

63/63

[

93/82 95/91

79/60!
87/78

CladeE AB54659

0.1

reported Dla (JX845339), Also clade C
ITS -1 sequences from eight coral species
together ~ with  previously  reported
sequences, including some sequences from
zoantharians in Jamaica (AF333515),
Southeast Africa (EU431996) and Kaohe
Bay (DQ182634) formed a highly
supported monophyly (ML= 87%, PP=
99%) within the clade C radiation
(LaJeunesse, 2001; Apprill and Gates,
2007; Macdonald et al., 2008).

— SHIB5S

SHID1 (PQ637480)
SHID3 (pas37481)

— SHIES

SHIESB (ras37483)
IE1

— SHIE

CladeC1 AF333515
CladeC2 AF333518
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CladeCu EU436648
CladeC1 EU074939
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LS B
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CladeD1 JX997833
CladeD1z JX997834
CladeD1g AF334660
CladeD HM437247
SHIB7 (PQ637485)
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CladeA AF333505
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Figure 9: Bayesian tree of the Symbiotic microalgae ITS2 from coral colonies at sites off Shidvar Island
(accession numbers listed in Table 2). Clade controls (A, B, C, D, E, F, and G) and an outgroup
organism (Gymnodinium beii) were included in the analysis (accession numbers shown in the
figure). Maximum likelihood / Bayesian posterior possibilities bootstrap percentages from 100
trees are shown at nodes. Distance represents the number of substitutions per 100 bases. Host
coral species are: Cyphastrea microphthalma, Cyphastrea serailia, Porites compressa, Porites
lobata, Porites sp., Platygyra sinensis, Pavona decussata, Psammocora stellata and Leptastrea

travsversa.
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The phylogenetic tree showed the presence
of clade A only in one coral species
(Leptastrea travsversa) strongly clustered
(ML=69%, PP= 62%) with subclade Al
that is hosted by Palythoa sp. in the Persian
Gulf (JX845338), Condylactis gigantea in
Jamaica (AF333504) and Zoanthus
sansibaricus in  the Persian Gulf
(JX845331) (LaJeunesse, 2001; Koupaei et
al., 2014).

Discussion
In this study, 17 reef-building corals: P.
lobata, D. pallida, P. compressa, D.
matthaii, A. downingi, P. daedalea, P.
versipora, C. serailia, C. microphthalma,
L. travsversa, P. sinensis, Porites sp., P.
decussata, P. stellata, F. pentagona, A.
irregularis, and A. arabensis were
identified using the Veron 2000
identification key. Based on the previous
studies, these species have been reported
before off Iranian islands in the northern
parts of the Persian Gulf (Fatemi and
Shokri, 2001; Ghavam Mostafavi et al,
2007; Shahhosseiny ef al., 2011; Samiei et
al., 2013; Ghavam Mostafavi et al., 2013)
Clade D was the most prevalent
symbiotic clade among the coral species
that were examined in various locations in
the northern Persian Gulf. According to the
research done between 2005 and 2020 at
various locations as well as the current
study (Ghavam Mostafavi et al., 2007,
Shahhosseiny et al, 2011; Ghavam
Mostafavi et al., 2013; Mashini et al., 2017)
Durusdinium 1s among the most common
symbiotic microalgae in the Persian Gulf.
In the present study, dominant reef-building
corals i.e. D. matthaii, D. pallida, A.
downingi, P. daedalea, C. serailia, C.

microphthalma, and P. decussata harbored
clade D, which is typically seen in higher
numbers when corals are exposed to heat
and fluctuating temperatures, stressful
environments, and other conditions that
negatively impact coral health (Baker,
2001; Stat and Gates, 2011). Clade D has a
greater probability of surviving a coral
bleaching event due to its higher resistance
to thermal stress (1-1.5°C) than other
clades (Toller et al, 2001; Baker et al.,
2004; Goulet, 2006; Hume et al., 2020;
Kaveh et al., 2025). Because clade D is
thermally resistant, the corals that host
them are more resilient to rising sea surface
temperatures (Dehghani ef al., 2018).
Clade C was reported to be the second
most abundant clade sampled in the
northern islands (Kish and Larak Islands) of
the PG (Ghavam Mostafavi et al, 2007).
Interestingly, studies from the southern PG
have proved the prevalence of clade C and
also reported the presence of thermo-
tolerant Symbiodinium thermophilum sp.
nov. (Hume et al, 2013, 2015). In the
present study, Porites sp., P. compressa, P.
lobata and Psammocora stellata showed
symbiosis with subclade C1. Subclade C1
is an Indo—Pacific generalist, known from
multiple  hosts and  environments
(LaJeunesse, 2005; Reimer et al., 2006b).
According to Reimer ef al. (2006b) C1 is
less adapted to high light radiation, while
subclade A1 is adapted to highly irradiated
environments. The clade C dominance
reported here agrees with another study of
Symbiotic microalgae from the southern
Persian Gulf (Hume et al., 2015). Although
Clade C was more dominant symbiont,
other clades, including A and D were
commonly detected in corals off Iranian
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Islands (Dehghani et al., 2018; Bazzaz et
al., 2024).

Subclade A1 and A3 have been reported
in Pacific and Atlantic Oceans (LaJeunesse,
2002; Reimer et al., 2006b, 2007, 2011;
Kamezaki et al., 2013; Rabelo et al., 2014)
and in the Persian Gulf on Zoanthus
sansibaricus in Hengam, Kish, Larak and
Qeshm islands and Palythoa tuberculosa in
Hengam island (Koupaei et al., 2016b) as
well as on reef-building corals, Leptastrea
Stylophora
Pocillopora damicornis and Dipsatrea

transversa, pistillata,
pallida in Larak island (Dehghani et al.,
2018). Corals that live in extremely
shallow, high-irradiance waters have been
identified as belonging to Clade A (Rowan
et al., 1997). Only clade A is known to be
able to produce significant amounts of
mycosporine-like amino acids (MAAs)
(Banaszak et al, 2000), which are
substances that aid in preventing UV
radiation damage (Neale ef al, 1998).
However, whereas subclade A1 was only
present in P. tuberculosa collected off
Hengam Island, a variant of subclade Al
was common in colonies of Z. sansibaricus.
Furthermore, it has been demonstrated that
zoantharians belonging to the genus
Palythoa worldwide are widely distributed
in subclades C1 and C3 (Reimer et al.,
2006a; 2007; Reimer and Todd, 2009;
Finney et al., 2010; Reimer et al., 2011).
Based on the present and previous
studies (Ghavam Mostafavi et al, 2007,
Shahhosseiny et al, 2011; Ghavam
Mostafavi et al., 2013; Mashini et al.,
2015;2017; Kaveh et al., 2025) which were
carried out in this region, it could be
concluded that coral reefs around Iranian

1slands can survive in the face of climate
change and global warming.

Conclusion

In the present study, the dominant reef-
building corals around Shidvar Island were
surveyed and identified in 5 transects. The
study of symbiotic unicellular algae,
showed that the genera Durusdinium and
Cladocopium were the dominant symbiotic
microalgae. These results are in accordance
with previous findings in the Iranian waters
of the Persian Gulf.

Conflicts of interest

The authors declare that they have no
conflict of interest related to the publication
of this manuscript.

References

Apprill, A.M. and Gates, R.D., 2007.
Recognizing diversity in coral symbiotic
dinoflagellate communities. Molecular
Ecology, 16(6), 1127-1134.
DOI:10.1111/5.1365-
294X.2006.03214.x

Arabeyyat, Z.H., Sweiss, M.A., Alsoqi,
F.M., Al-Horani, F. and Taha, Z.D.,
2024. Molecular identification of
dinoflagellates symbionts
(Zooxanthellae) in corals of the
Jordanian Gulf of Aqaba, Red
Sea. Regional  Studies in  Marine
Science, 77, 103649.
DOI:10.1016/j.rsma.2024.103649

Baker, A.C., 1999. The symbiosis ecology
of reef-building corals. University of
Miami.

Baker, A.C., 2001. Reef corals bleach to
survive change. Nature, 411(6839),
765-766. DOI:10.1038/35081151


https://doi.org/10.1111/j.1365-294X.2006.03214.x
https://doi.org/10.1111/j.1365-294X.2006.03214.x
doi:%2010.1016/j.rsma.2024.103649
https://doi.org/10.1038/35081151
http://jifro.ir/article-1-6053-en.html

[ Downloaded from jifro.ir on 2026-06-25 ]

964 Ghavam Mostafavi et al., Do the reef-building corals around non-residential Shidvar Island tend to be ...

Baker, A.C., Starger, C.J., McClanahan,
T.R. and Glynn, P.W., 2004. Corals'
adaptive response to climate
change. Nature, 430(7001), 741-741.
DOI:10.1038/430741a

Banaszak, A.T., LaJeunesse, T.C. and
Trench, R.K., 2000. The synthesis of
mycosporine-like amino acids (MAAs)
by cultured, symbiotic
dinoflagellates. Journal of Experimental
Marine Biology and Ecology,249(2),
219-233.

Bazzaz, M.P., Mostafavi, P.G. and
Moradi, A.M., 2024. Contribution to
the Diversity of Zoanthids (Anthozoa:
Hexacorallia) in the Northern Persian
Gulf and Gulf of Oman. Ocean Science
Journal, 59(4), 46.
DOI:10.1007/s12601-024-00172-z

Dehghani, H., Ghavam Mostafavi, P.,
Fatemi, S.M.R. and Fallah
Mehrabadi, J., 2018. Molecular
diversity of Symbiodinium spp. within
six coral species in Larak Island, the
Persian  Gulf. Iranian Journal of
Fisheries Science, 17(1), 151-161.

Eakin, C.M., Sweatman, H.P. and
Brainard, R.E., 2019. The 2014-2017
global-scale coral bleaching event:
insights and impacts. Coral
Reefs, 38(4), 539-545.
DOI:10.1007/s00338-019-01844-2

Fatemi, S.M.R. and Shokri, M.R., 2001.
Iranian coral reefs status with particular
reference to Kish Island, Persian Gulf.
In Proceedings of international coral
reef initiative (ICRI) regional workshop
for the Indian Ocean, Maputo,
Mozambique, 26-28

Finney, J.C., Pettay, D.T., Sampayo,
E.M., Warner, M.E., Oxenford, H.A.

and LaJeunesse, T.C., 2010. The
relative significance of host-habitat,
depth, and geography on the ecology,
endemism, and speciation of coral
endosymbionts in the genus
Symbiodinium. Microbial Ecology, 60,
250-263. DOI:10.1007/s00248-010-
9681-y

Ghavam Mostafavi, P., Fatemi, S.M.R.,
Shahhosseiny, M.H., Hoegh-
Guldberg, O. and Loh, W.K.W., 2007.
Predominance of clade D Symbiodinium
in shallow-water reef-building corals off
Kish and Larak Islands (Persian Gulf,
Iran). Marine  Biology, 153,  25-34.
DOI:10.1007/s00227-007-0796-8

Ghavam Mostafavi, P., Ashrafi, M.G.
and Dehghani, H., 2013. Are symbiotic
algae in corals in northern parts of the
Persian Gulf resistant to thermal
stress? Aquatic Ecosystem Health &
Management, 16(2), 177-182.
DOI:10.1080/14634988.2013.790281

Goulet, T.L., 2006. Most corals may not
change their symbionts. Marine Ecology
Progress Series ,321, 1-7. DOI:
DOI:10.3354/meps

Hoegh-Guldberg, O., Mumby, P.J.,
Hooten, AJ., Steneck, R.S.,
Greenfield, P., Gomez, E., Harvell,
C.D., Sale, P.F., Edwards, A.J.,
Caldeira, K. and Knowlton, N., 2007.
Coral reefs under rapid climate change
and ocean
acidification. Science, 318(5857), 1737-
1742. DOI:10.1126/science.1152509

Huang, W., Chen, M., Song, B., Deng, J.,
Shen, M., Chen, Q., Zeng, G. and
Liang, J., 2021. Microplastics in the
coral reefs and their potential impacts on
corals: a mini-review. Science of The


https://doi.org/10.1038/430741a
https://doi.org/10.1007/s12601-024-00172-z
https://doi.org/10.1007/s00338-019-01844-2
https://doi.org/10.1007/s00248-010-9681-y
https://doi.org/10.1007/s00248-010-9681-y
https://doi.org/10.1007/s00227-007-0796-8
https://doi.org/10.1080/14634988.2013.790281
doi:%20https://doi.org/10.3354/meps
doi:%20https://doi.org/10.3354/meps
doi:%2010.1126/science.1152509
http://jifro.ir/article-1-6053-en.html

[ Downloaded from jifro.ir on 2026-06-25 ]

Iranian Journal of Fisheries Sciences 24(4) 2025 965

Total Environment ,762, 143112,
DOI:10.1016/j.scitotenv.2020.143112

Hughes, T.P., Kerry, J.T., Baird, A.H.,

Connolly, S.R., Dietzel, A., Eakin,
C.M., Heron, S.F., Hoey, A.S.,
Hoogenboom, M.O., Liu, G. and
McWilliam, M.J., 2018. Global
warming  transforms  coral  reef
assemblages. Nature, 556(7702), 492-
496. DOI:10.1038/s41586-018-0041-2

Hughes, T.P., Baird, A.H., Morrison,

T.H. and Torda, G., 2023. Principles
for coral reef restoration in the
anthropocene. One Earth, 6(6), 656-
665. DOI:10.1016/j.oneear.2023.04.008

Hume, B., D’angelo, C., Burt, J., Baker,

A.C., Riegl, B. and Wiedenmann, J.,
2013. Corals from the Persian/Arabian
Gulf as models for thermotolerant reef-
builders: prevalence of clade C3
Symbiodinium, host fluorescence and ex
situ  temperature  tolerance. Marine
Pollution  Bulletin, 72(2), 313-322.
DOI:10.1016/j.marpolbul.2012.11.032

Hume, B.C., D'Angelo, C., Smith, E.G.,

Stevens, J.R., Burt, J. and
Wiedenmann, J., 2015. Symbiodinium
thermophilum sp. nov., a thermotolerant
symbiotic alga prevalent in corals of the
world's hottest sea, the Persian/Arabian
Gulf. Scientific  reports, 5(1), 8562.
DOI:10.1038/srep08562

Hume, B.C., Mejia-Restrepo, A.,

Voolstra, C.R. and Berumen, M.L.,
2020. Fine-scale delineation  of
Symbiodiniaceae  genotypes on a
previously bleached central Red Sea reef
system demonstrates a prevalence of
coral host-specific associations. Coral
Reefs, 39(3), 583-601.
DOI:10.1007/s00338-020-01917-7

Kamezaki, M., Higa, M., Hirose, M.,

Suda, S. and Reimer, J.D., 2013.
Different zooxanthellae types in
populations of the zoanthid Zoanthus
sansibaricus along depth gradients in
Okinawa, Japan. Marine
Biodiversity, 43, 61-70.
DOI:10.1007/s12526-012-0119-2

Kaveh, S., Ghavam Mostafavi, P.,

Hosseini Tafreshi, S.A. and
Shahhosseiny, M., 2025. Changes in the
symbiotic dinoflagellate and GFP-like
protein in heat stress tolerant Porites
harrisoni versus heat stress sensitive
Acropora downingi: a case study in the
Persian Gulf. Aquatic Ecology, 1-17.
DOI:10.1007/s10452-025-10183-0

Koupaei, A.N., Mostafavi, P.G.,

Mehrabadi, J.F. and Fatemi, S.M.R.,
2014. Molecular diversity of coral reef-
associated zoanthids off Qeshm Island,
northern Persian Gulf. International
Aquatic Research, 6, 1-10.
DOI:10.1007/s40071-014-0064-8

Koupaei, A.N., Mostafavi, P.G.,

Mehrabadi, J.F., Fatemi, S.M.R. and
Dehghani, H., 2016a. Diversity of
shallow water zoantharians in Hengam
and Larak Islands, in the Persian
Gulf. Journal of the Marine Biological
Association of the United
Kingdom, 96(5), 1145-1155. DOI:
DOI:10.1017/S002531541500079X

Koupaei, A.N., Dehghani, H., Mostafavi,

P.G. and Mashini, A.G., 2016b.
Phylogeny of Symbiodinium populations
in zoantharians of the northern Persian
Gulf. Marine Pollution Bulletin, 105(2),
553-557.
DOI:10.1016/j.marpolbul.2016.02.058


doi:%2010.1016/j.scitotenv.2020.143112
https://doi.org/10.1038/s41586-018-0041-2
https://doi.org/10.1016/j.oneear.2023.04.008
doi:%2010.1016/j.marpolbul.2012.11.032
https://doi.org/10.1038/srep08562
https://doi.org/10.1007/s00338-020-01917-7
doi:%2010.1007/s12526-012-0119-2
https://doi.org/10.1007/s10452-025-10183-0
https://doi.org/10.1007/s40071-014-0064-8
doi:%20https://doi.org/10.1017/S002531541500079X
doi:%20https://doi.org/10.1017/S002531541500079X
doi:%2010.1016/j.marpolbul.2016.02.058
http://jifro.ir/article-1-6053-en.html

966 Ghavam Mostafavi et al., Do the reef-building corals around non-residential Shidvar Island tend to be ...

LaJeunesse, T.C., 2001. Investigating the

biodiversity, ecology, and phylogeny of
endosymbiotic dinoflagellates in the
genus Symbiodinium using the ITS
region: in search of a “species” level
marker. Journal of Phycology, 37(5),
866-880. DOI:10.1046/.1529-
8817.2001.01031.x

LaJeunesse, T.J.M.B., 2002. Diversity

and community structure of symbiotic
dinoflagellates from Caribbean coral
reefs. Marine biology, 141, 387-400.
DOI:10.1007/s00227-002-0829-2

Biology and Ecology, 473, 202-206.
DOI:10.1016/j.jembe.2015.09.007

Mashini, A.G., Fard Yazdani, M.,

Ghavam Mostafavi, P. and
Shahhosseiny, M.H., 2017. Analysis of
symbiotic Symbiodinium in scleractinian
corals off Northwestern Kish Island,
Persian Gulf. Marine Ecology, 38(2),
12424. DOI:10.1111/maec.12424

Mieog, J.C., van Oppen, M.J., Cantin,

N.E., Stam, W.T. and Olsen, J.L.,
2007. Real-time PCR reveals a high
incidence of Symbiodinium clade D at

LaJeunesse, T.C., 2005. “Species” low levels in four scleractinian corals
radiations of symbiotic dinoflagellates across the Great Barrier Reef:
in the Atlantic and Indo-Pacific since the implications for symbiont
shuffling. Coral Reefs, 26, 449-457.
DOI:10.1007/s00338-007-0244-8
Nama, S., Shanmughan, A., Nayak, B.B.,

Bhushan, S. and Ramteke, K., 2023.

Miocene-Pliocene transition. Molecular

Biology and Evolution, 22(3), 570-581.

DOI:10.1093/molbev/msi042
LaJeunesse, T.C., Parkinson, J.E.,

[ Downloaded from jifro.ir on 2026-06-25 ]

Gabrielson, P.W., Jeong, H.J.,
Reimer, J.D., Voolstra, C.R. and
Santos, S.R., 2018. Systematic revision
of Symbiodiniaceae highlights the
antiquity and diversity of coral
endosymbionts. Current

Biology, 28(16), 2570-2580.
DOI:10.1016/j.cub.2018.07.008

Macdonald, A.H., Sampayo, E.M.,

Ridgway, T. and Schleyer, M.H.,
2008. Latitudinal symbiont zonation in
Stylophora pistillata from southeast
Africa. Marine Biology, 154, 209-217.
DOI:10.1007/s00227-008-0915-1

Mashini, A.G., Parsa, S. and Mostafavi,

P.G., 2015. Comparison of
Symbiodinium populations in corals
from subtidal region and tidal pools of
northern coasts of Hengam Island,
Iran. Journal of Experimental Marine

Impacts of marine debris on coral reef
ecosystem: A review for conservation
and ecological monitoring of the coral
reef ecosystem. Marine Pollution
Bulletin, 189, 114755.
DOI:10.1016/j.marpolbul.2023.114755

Neale, P.J., Banaszak, A.T. and Jarriel,

C.R., 1998. Ultraviolet sunscreens in
Gymnodinium sanguineum
(Dinophyceae): mycosporine-like amino
acids protect against inhibition of
photosynthesis. Journal of
Phycology, 34(6), 928-938.
DOI:10.1046/j.1529-

8817.1998.340928.x

Plaisance, L., Caley, M.J., Brainard,

R.E. and Knowlton, N., 2011. The
diversity of coral reefs: what are we
missing? PloS  one, 6(10),  25026.
DOI:10.1371/journal.pone.0025026


https://doi.org/10.1046/j.1529-8817.2001.01031.x
https://doi.org/10.1046/j.1529-8817.2001.01031.x
doi:%2010.1007/s00227-002-0829-2
https://doi.org/10.1093/molbev/msi042
doi:%2010.1016/j.cub.2018.07.008
https://doi.org/10.1007/s00227-008-0915-1
doi:%2010.1016/j.jembe.2015.09.007
https://doi.org/10.1111/maec.12424
https://doi.org/10.1007/s00338-007-0244-8
doi:%2010.1016/j.marpolbul.2023.114755
file:///C:/Users/falahi/Downloads/.%20https:/doi.org/10.1046/j.1529-8817.1998.340928.x
file:///C:/Users/falahi/Downloads/.%20https:/doi.org/10.1046/j.1529-8817.1998.340928.x
file:///C:/Users/falahi/Downloads/.%20https:/doi.org/10.1046/j.1529-8817.1998.340928.x
https://doi.org/10.1371/journal.pone.0025026
http://jifro.ir/article-1-6053-en.html

Iranian Journal of Fisheries Sciences 24(4) 2025 967

Pochon, X., Montoya-Burgos, J.I.,

Stadelmann, B. and Pawlowski, J.,
2006. Molecular phylogeny,
evolutionary rates, and divergence
timing of the symbiotic dinoflagellate
genus Symbiodinium. Molecular
phylogenetics and evolution, 38(1), 20-
30. DOI:10.1016/j.ympev.2005.04.028

Pochon, X., Garcia-Cuetos, L., Baker,

A.C., Castella, E. and Pawlowski, J.,
2007. One-year survey of a single
Micronesian reef reveals extraordinarily
rich diversity of Symbiodinium types in
soritid foraminifera. Coral Reefs, 26,
867-882. DOI:10.1007/s00338-007-
0279-x

Rabelo, E.F., Rocha, L.L., Colares, G.B.,

Bomfim, T.A., Nogueira, V.L.R.,
Katzenberger, M., Matthews-Cascon,
H. and Melo, V.MM., 2014.
Symbiodinium diversity associated with
zoanthids (Cnidaria: Hexacorallia) in
Northeastern Brazil. Symbiosis, 64, 105-
113. DOI:10.1007/s13199-014-0308-9

Rastgoo, A.R., Hesni, M.A. and

Kourandeh, M.B., 2022. Abundance
and biodiversity of coral reef fish of

2006b. Latitudinal and intracolony ITS-
rDNA sequence variation in the
symbiotic dinoflagellate genus
Symbiodinium (Dinophyceae) in
Zoanthus  sansibaricus  (Anthozoa:
Hexacorallia). Phycological

Research, 54(2), 122-132.
DOI:10.1111/j.1440-
1835.2006.00419.x

Reimer, J.D., Ono, S., Tsukahara, J.,

Takishita, K. and Maruyama, T.,
2007. Non-seasonal clade-specificity
and subclade microvariation in
symbiotic dinoflagellates
(Symbiodinium  spp.) in Zoanthus
sansibaricus (Anthozoa: Hexacorallia) at
Kagoshima Bay, Japan. Phycological
Research , 55(1), 58-65.
DOI:10.1111/5.1440-

1835.2006.00446.x

Reimer, J.D. and Todd, P.A., 2009.

Preliminary molecular examination of
zooxanthellate zoanthid (Hexacorallia,
Zoantharia) and associated
zooxanthellae  (Symbiodinium  spp.)
diversity in Singapore. Raffles Bulletin
of Zoology, 22, 103-120.

Lavan and Shidvar islands (Persian
Gulf). Journal of Animal
Environment, 14(3), 445-450. (DOI):

Reimer, J.D., Hirose, M., Yanagi, K. and
Sinniger, F., 2011. Marine invertebrate
diversity in the oceanic Ogasawara

10.22034/AEJ.2021.298373.2604 Islands: a molecular examination of
Reimer, J.D., Takishita, K. and zoanthids (Anthozoa: Hexacorallia) and
Maruyama, T., 2006a. Molecular their Symbiodinium
identification of symbiotic (Dinophyceae). Systematics  and

dinoflagellates  (Symbiodinium  spp.) Biodiversity, 9(2), 133-143.
DOI:10.1080/14772000.2011.569034
Riegl, B.M. and Purkis, S.J., 2012. Coral

reefs of the Gulf: adaptation to climatic

from  Palythoa  spp. (Anthozoa:
Hexacorallia) in Japan. Coral Reefs, 25,
521-527. DOI:10.1007/s00338-006-
0151-4 extremes in the world’s hottest sea.
Reimer, J.D., Takishita, K., Ono, S.,

[ Downloaded from jifro.ir on 2026-06-25 ]

Maruyama, T. and Tsukahara, J.,

In Coral reefs of the Gulf: Adaptation to
climatic extremes . Dordrecht: Springer


doi:%2010.1016/j.ympev.2005.04.028
https://doi.org/10.1007/s00338-007-0279-x
https://doi.org/10.1007/s00338-007-0279-x
https://doi.org/10.1007/s13199-014-0308-9
file:///C:/Users/falahi/Downloads/\(DOI\):%2010.22034/AEJ.2021.298373.2604
file:///C:/Users/falahi/Downloads/\(DOI\):%2010.22034/AEJ.2021.298373.2604
https://doi.org/10.1007/s00338-006-0151-4
https://doi.org/10.1007/s00338-006-0151-4
https://doi.org/10.1111/j.1440-1835.2006.00419.x
https://doi.org/10.1111/j.1440-1835.2006.00419.x
https://doi.org/10.1111/j.1440-1835.2006.00446.x
https://doi.org/10.1111/j.1440-1835.2006.00446.x
https://doi.org/10.1080/14772000.2011.569034
http://jifro.ir/article-1-6053-en.html

[ Downloaded from jifro.ir on 2026-06-25 ]

968 Ghavam Mostafavi et al., Do the reef-building corals around non-residential Shidvar Island tend to be ...

Netherlands. DOI:10.1007/978-94-007-
3008-3 1

Rowan, R. and Powers, D.A., 1991.
Molecular genetic identification of
symbiotic
dinoflagellates(zooxanthellae). Marine
Ecology Progress Series, 71(1), 65-73.
DOI:10.3354/MEPS071065

Rowan, R., Knowlton, N., Baker, A. and
Jara, J., 1997. Landscape ecology of
algal symbionts creates variation in
episodes of coral
bleaching. Nature, 388(6639), 265-269.
DOI:10.1038/40843

Samiei, J.V., Dab, K., Ghezellou, P. and
Shirvani, A., 2013. Some scleractinian
corals (Scleractinia: Anthozoa) of Larak
Island, Persian Gulf. Zootaxa, 3636(1),
101-143.
DOI:10.11646/zootaxa.3636.1.5

Shahhosseiny, M.H., Mostafavi, P.G.,
Fatemi, S.M.R. and Karimi, E., 2011.
Clade identification of symbiotic
zooxanthellae of dominant sclerectinian
coral species of intertidal pools in

Hengam Island. African Journal of

Biotechnology, 10(9),

DOI:10.5897/AJB10.1093
Sheppard, C., Price, A. and Roberts, C.,

1992. Marine ecology of the Arabian

1502-1506.

region: patterns and processes in
extreme tropical environments.
Sheppard, C., Al-Husiani, M., Al-Jamali,
F., Al-Yamani, F., Baldwin, R.,
Bishop, J., Benzoni, F., Dutrieux, E.,
Dulvy, N.K., Durvasula, S.R.V. and

Jones, D.A., 2010. The Gulf: a young
sea in decline. Marine  Pollution
Bulletin, 60(1), 13-38.
DOI:10.1016/j.marpolbul.2009.10.017

Spalding, M.D. and Grenfell, A.M., 1997.
New estimates of global and regional
coral reef areas. Coral reefs, 16, 225-
230. DOI:10.1007/s003380050078

Stat, M. and Gates, R.D., 2011. Clade D
Symbiodinium in scleractinian corals: a
“nugget” of hope, a selfish opportunist,
an ominous sign, or all of the above?
Journal of Marine Science and
Engineering , 1, 730715.
DOI:10.1155/2011/730715

Thompson, J.D., Higgins, D.G. and
Gibson, T.J., 1994. CLUSTAL W:
improving the sensitivity of progressive
multiple sequence alignment through
sequence weighting, position-specific
gap penalties and weight matrix
choice. Nucleic Acids Research , 22(22),
4673-4680.
DOI:10.1093/nar/22.22.4673

Toller, W.W., Rowan, R. and Knowlton,
N., 2001. Repopulation of zooxanthellae
in the Caribbean corals Montastraea
annularis and M. faveolata following
experimental and disease-associated
bleaching. The Biological
Bulletin, 201(3), 360-373.
DOI:10.2307/1543614

Veron, J., 2000. Corals of the world.
Australian Institue of Marine Science,
Townsville, Australia. 382 P.


https://doi.org/10.1007/978-94-007-3008-3_1
https://doi.org/10.1007/978-94-007-3008-3_1
doi:10.3354/MEPS071065
https://doi.org/10.1038/40843
doi:%2010.11646/zootaxa.3636.1.5
doi:%2010.5897/AJB10.1093
doi:%2010.1016/j.marpolbul.2009.10.017
https://doi.org/10.1007/s003380050078
doi:%2010.1155/2011/730715
https://doi.org/10.1093/nar/22.22.4673
file:///C:/Users/falahi/Downloads/.%20https:/doi.org/10.2307/1543614
file:///C:/Users/falahi/Downloads/.%20https:/doi.org/10.2307/1543614
http://jifro.ir/article-1-6053-en.html
http://www.tcpdf.org

