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Abstract

This study investigates the impact of physicochemical parameters on the antibacterial activ-
ity of Symbiodinium sp. in the Persian Gulf and the Gulf of Oman during the summer season.
Symbiodinium sp., a crucial symbiont in coral ecosystems, plays an essential role in marine
environments, contributing significantly to the health and stability of coral reef ecosystems.
Samples of Symbiodinium sp. were collected from the anemone Stichodactyla haddoni at three
locations: Qeshm Island, Hormuz Island, and Chabahar Bay. Additionally, laboratory-cultured
Symbiodinium sp. was included for comparative analysis. Physicochemical parameters, includ-
ing temperature, salinity, and pH, were assessed, revealing significant differences across the
sampling sites. Specifically, the Persian Gulf exhibited higher temperatures and salinity levels
compared to the Gulf of Oman. The antibacterial activity of the algae extracts was evaluat-
ed against Escherichia coli and Staphylococcus aureus using the Kirby-Bauer disk diffusion
method. The results indicated that extracts of Symbiodinium sp. isolated from Hormuz Island
exhibited the most potent antibacterial activity when compared to laboratory-cultured samples.
However, the overall antibacterial efficacy of these extracts was found to be significantly weak-
er than that of established antibiotics, such as penicillin. These findings underscore the influ-
ence of environmental factors, particularly temperature and salinity, on the antibacterial prop-
erties of Symbiodinium sp. and offer valuable insights into its potential for biotechnological
applications. Moreover, the study highlights the untapped potential of Symbiodinium sp. as a
source of bioactive compounds with antimicrobial properties, which could pave the way for the
development of novel antimicrobial agents. This research also emphasizes the importance of
sustainable environmental management strategies to protect coral reef ecosystems, particularly

in the Persian Gulf and Gulf of Oman, regions of high ecological and economic importance.
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Introduction

Symbiodinium sp. is a significant dino-
flagellate alga, which primarily supports the
coral reef ecosystems found chiefly in the
tropics and subtropics of the Persian Gulf
and the Gulf of Oman (Rawat et al., 2024;
Khalfeh Nilsaz et al., 2024). As a photosyn-
thetic organism, Symbiodinium is hardly tol-
erant to environmental variability brought
about by physicochemical changes in such
ecosystems (Jiang et al., 2021). These algae
have symbiotic relationships with corals
and other marine invertebrates, with their
health being directly related to the stabil-
ity and resilience of coral reef ecosystems
(Adeniran-Obey et al., 2024). Hence, espe-
cially considering the myriad threats posed
by increasing climate change and anthro-
pogenic activities like coastal development
and pollution, understanding the ecological
and physiological responses of Symbiodin-
ium sp. to environmental stressors has be-
come highly important (Shafiga-Yusof et
al., 2022). The Environmental Microbiolo-
gy Section of the Gulf of Oman and Persian
Gulf is indeed unique in the characteristics
and conditions that they embrace (Muteeb
et al., 2023). Their waters are closed semi-
warm areas that experience acute seasonal
variations in temperature, salinity, and oth-
er physicochemical factors. For example,
sea surface temperatures can reach values
as high as 35°C and more during summer
months, just below the thermal limits for
many marine organisms, including Sym-
biodinium sp. (Shemesh et al., 2024). Pro-
longed exposure to stress of this magnitude
by Symbiodinium sp. produces physiological

and ultimate results in bleaching events, loss
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of symbiotic algae, and corals subsequently
undergoing degradation in health (Lesser,
2021). Therefore, studying the effect of such
fluctuations directly on the Symbiodinium
sp. is important because it helps understand
the guidelines about coral health and even-
tually gives hints about long-term future
impacts concerning the biodiversity of coral
reef ecosystems (Papke et al, 2024).

The ecological role of Symbiodinium sp. in
coral ecosystems has great holistic biotech-
nological potential. Research identified that,
besides its ecological importance, the differ-
ent species of Symbiodinium sp. produce a
variety of bioactive metabolites, several of
which have antibacterial, antifungal, and an-
tiviral activities (Anitha et al., 2024). Most
of these metabolites, especially those synthe-
sized under environmental stress conditions,
have gained immense interest in pharma-
ceutical and biotechnological applications
(Wadhwa et al., 2024). Symbiodinium sp.
metabolites exhibited antibacterial activity,
for instance, including the inhibition against
both Gram-positive and Gram-negative or-
ganisms (Raimundo et al., 2018). According
to the growing interests in antibiotic resis-
tance and the decreasing number of new
antibiotics, Symbiodinium is likely to pitch
forth new antimicrobial agents (Lewbart,
1998).

The Persian Gulf and the Gulf of Oman are
extreme environments, making these two
areas particularly interesting for research
into Symbiodinium sp. and its sources of
antimicrobial activity (Aeby et al., 2024).
Their harsh environments serve as homes
for numerous marine organisms, includ-

ing various endemic species, all of which
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have experienced adaptation to high salin-
ity levels, temperature multidirections, and
poor nutrient availability (Donelson et al.,
2019). The bioactive compounds produced
by Symbiodinium sp. in these regions may
have special properties that cannot be found
in organisms more temperate or stable (Rai-
mundo et al., 2018). There is here a justifi-
cation for studying Symbiodinium sp. from
these ecosystems, both from the ecological
point of view and for the contribution to the
potential creation of new biotechnological
products (Mutalipassi et al., 2021).

A comprehensible understanding of how en-
vironmental alterations affect the processes
inside the unicellular algal organism Sym-
biodinium sp. is a significant step toward
exploiting these organisms in biotechnology
applications (Jebali et al., 2022). The Heat-
map technique is one of the most powerful
tools for determining the interaction of bi-
ological functions with variables of envi-
ronmental change (Whiting et al., 2024).
Heatmaps graphically represent multivariate
complex data that enable the identification
of patterns or correlation among variables
such as temperature, salinity, and bacterial
activity. For example, in the era of Symbiod-
inium sp. research, a Heatmap can be used to
determine how physicochemical changes in
environmental factors affect the production
or antimicrobial activity of Symbiodinium
sp. under different conditions, pinpointing
factors that are relevant for the bioactivity
and valid conditions for Symbiodinium sp.
cultivation for biotechnological purposes
(Bigham Soostani et al., 2022).

In addition to ecological and biotechno-

logical considerations, the study of Symbi-
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odinium sp. is also of significant economic
importance (van de Water et al., 2022). The
Persian Gulf and the Gulf of Oman are cru-
cial areas for both local economies and glob-
al biodiversity. Coral reefs in these regions
support a vast array of marine life, includ-
ing commercially important species such
as fish, mollusks, and crustaceans (Zhang
et al., 2024). The vitality of these ecosys-
tems is intrinsically linked to the economic
prosperity of the communities that rely on
them (Davids et al., 2021). The deterioration
of coral reefs, which may be intensified by
the reduction of Symbiodinium sp., poses a
significant threat not only to biodiversity but
also to the livelihoods of millions who de-
pend on these ecosystems for sustenance, in-
come, and tourism opportunities (Shah and
Shah, 2021). Given the growing challenges
posed by climate change and overfishing, ef-
forts to understand and mitigate the effects
of environmental stressors on Symbiodinium
sp. and coral reefs are essential for the long-
term sustainability of these valuable ecosys-
tems (Rawat et al., 2024).

Symbiodinium sp. shows really promising
commercial activities in terms of antimicro-
bial properties (Orefice et al., 2023). Marine
microorganisms have been in the spotlight
for the last few years for their use in natural
antimicrobial agent development (Gomes
et al., 2021). With the increasing challenge
from antibiotic-resistant bacterial strains
and a rise in the demand for more sustain-
able alternatives to chemical disinfectants,
Symbiodinium sp. indeed might be viewed
as one of the promising sources of bioactive
compounds that could be included into the

formulation of next-generation antimicro-
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bial products (Stoskopf et al., 2021). Not
only this, but also Symbiodinium sp. would
be found producing a vast collection of
secondary metabolites, such as pigments,
lipids, and polysaccharides, for which ap-
plications have been sought in the food, cos-
metic, and pharmaceutical industries (Abril
et al., 2024). The research on Symbiodinium
sp. in the Persian Gulf and the Oman Gulf
has great prospects for the coral reef ecol-
ogy developement and new biotechnolog-
ical products. It also deals with the effects
of environmental changes on the biological
and metabolic activity of Symbiodinium sp.,
especially its potential as an antimicrobial,
thereby possibly bringing new dimensions
in the use or optimization of marine resourc-
es for commercial and therapeutic purposes.
The findings of such studies will perhaps be
focused on discovering entirely new bio-

active compounds for numerous industries

because of the unique mixed biodiversity
and environmental conditions of the Persian
Gulf and Gulf of Oman.

Materials and methods

Sampling of Stichodactyla haddoni
(during the summer season) was conduct-
ed along the northern coast of the Persian
Gulf at three locations and three stations:
Qeshm Island at the Dukohak station
(26°59°40.4”N 56°11°39.9”E), Hormuz Is-
land at the Khezr station (27°04°50.1”N
56°29°25.9”E), and Chabahar Bay at the
Tis station (25°21°49.6”N 60°36’22.1”E).
Each sample was identified based on mor-
phological characteristics and identification
keys (Zarei Darki and Krakhmalnyi, 2017).
The samples were then transported in liquid
nitrogen tanks to the laboratory at Tarbiat
Modares University for analysis and purifi-

cation of symbionts (Fig 1).
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Fig 1. Sampling locations at the three stations in the Persian Gulf and the Gulf of Oman
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The Symbiodinium sp. dinoflagellates were
cultured using the ASP-12 medium, which
is one of the most commonly used media
for culturing dinoflagellates. The required
volume of the medium was sterilized using
an autoclave. Subsequently, the Symbiodin-
ium sp. microalgae were transferred to the
liquid medium for mass cultivation. The
cultures were maintained in the liquid me-
dium at a temperature of 27°C+1°C and a
14-hour light cycle until they reached the
desired growth phase. After 30 days, the cul-
tures reached the target growth phase (Mc-
Lachlan, 1973; Benstein et al., 2014). The
samples used for extraction included those
cultured under laboratory conditions and
Symbiodinium sp. extracted from the tissue
of Stichodactyla haddoni. To initiate the ex-
traction process, the samples were subject-
ed to drying through a freeze-dryer (Model
OPR-FDU-7012, Korea). Subsequently, one
gram of the powdered microalgae was add-
ed to 50 mL of methanol and incubated in
the dark for 24 hours. The supernatant was
decanted, and the residue was re-extracted
with an additional 50 mL of methanol for 24
hours in the dark. The extract obtained from
the second extraction was filtered using filter
paper and combined with the extract from
the first extraction. Finally, the solvent was
removed using a rotary evaporator at room
temperature, and the dried extracts were
stored at -18 °C until further use. To ensure
that the antimicrobial properties observed
were solely attributed to Symbiodinium sp.,
we carefully controlled for the presence of
other microbial species by culturing the di-
noflagellates in sterile conditions and com-

paring the antimicrobial activity of Symbi-
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odinium sp. extracts from both cultured and
natural environments. Our results indicate
that the observed antimicrobial activity is
primarily due to the Symbiodinium sp. spe-
cies, as no significant contribution from oth-
er microbial species was detected under the
experimental conditions.

The effects of Symbiodinium sp. extracts on
the human pathogenic bacteria Escherichia
coli and Staphylococcus aureus were as-
sessed using the Kirby-Bauer disk diffusion
method (NCCLS, 1997) on Mueller-Hinton
agar. The inhibition zones for each plate
were measured using a caliper. Three repli-
cates of blank paper discs were performed
for each treatment, of 6.4 mm diameter. On
the agar plates, one streak of E. coli and S.
aureus was streaked. Further, sterile single
bacterial colonies of each bacterium were
picked and cultured in tubes containing 5
mL of liquid lactose broth (LB) medium un-
der sterile conditions. The tubes were incu-
bated for 6 h at 37°C £ 1°C in a Memmert
INB200 incubator, Germany. The turbidity
of the cultured bacteria was adjusted ac-
cording to the McFarland standard and the
bacterial suspension was inoculated onto the
agar plates. Sterile forceps were used to gen-
tly press the discs onto the agar surface, en-
suring full contact with the medium. Then,
15 pL of Symbiodinium sp. extracts was ap-
plied to each disc with a micropipette, with
three replicates per treatment on each plate.
A blank control was prepared by adding 15
uL of methanol (the solvent for the Symbio-
dinium sp. extracts) onto the discs in three
replicates. Besides that, commercial antibi-
otic discs containing ampicillin were used

as a positive control. The plates were then
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incubated upside down at 37°C £+ 1°C for
24 hours. After incubation, the inhibition

zone diameter was measured using a caliper
(Yousefzadi et al., 2014).

Results and discussion

Table 1 provides a list of abbreviations
for place names. The Mean and standard
deviation, as well as comparison of the
means of physicochemical factors across
sampling stations in the Persian and
Oman Gulf, and in laboratory-cultivated
Symbiodinium sp. are detailed in Table 2. .
The water temperature in the Persian Gulf
was higher in the summer, whereas the
lowest temperature was recorded in the

Oman Gulf during the same season.

The assessment of the antibacterial proper-
ties of Symbiodinium sp. isolated from S.
haddoni and four studied samples revealed
that the highest inhibition was observed fol-
lowing penicillin treatment. Notably, the
sample sourced from Hormuz showed the
greatest level of inhibition, while the lowest
inhibition was noted for the laboratory-cul-
tured sample (Fig 2).

In Penicillin and methanol treatments,
growth rates remained significantly high
across all treatments in Escherichia coli.
The growth values for E. coli in treatments
of different regions (HS, ChS, and SQ) were
observed to be 10.67, 12.0, and 12.33, re-
spectively (Fig 2). This means that the E.

coli cells were resistant or tolerant to the an-

Table 1. List of abbreviations utilized in this article

Abbreviated names Area season Sample
SH Hormuz summer 1
CHS Chabahar summer 2
SQ Qeshm summer 3
Pure and cultured 4
Culture laboratory
Symbiodinium extract 5

Table 2. Physicochemical properties of the examined stations during the summer

s€ason

Physico-chemistry Analysis SH, X£SD

DO mg/L 6.90+0.10
Ph 8.44+0.01
Salinity psu 40.71+£0.01
Temperature °C 34.90+0.02
%0 93.00+1.00

SQ, X£SD CHS, X+SD
7.39+0.01 6.95+0.01
8.35+0.01 8.25+0.005
39.40+0.10 39.70+0.10
33.03+0.60 24.60+0.10

109.30+0.10 102.60£0.10

Different letters indicate significant differences between treatments based on

Duncan's test at P<0.05
54
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timicrobial actions of Penicillin under those
experimental conditions and differences in
treatment source. Staphylococcus aureus, on
the other hand, had a much greater response
concerning treatments. Observed inhibition
of growth in S. aureus was relatively more
marked with Penicillin treatment than with
the HS, Culture, and SQ groups. Growth rates
for S. aureus under these treatments were
3.33,0.67, and 2.67, respectively. These re-
sults indicate a synergism of Penicillin with
the extracts or additives used, with superi-
or effects in the Culture treatment, possibly
due to the nature of the Symbiodinium ex-
tract (Fig 2). Treatments from HS, ChS, and
SQ also showed varying degrees of efficacy
but generally proved more than HS as com-
pared with the rest. These results indicate
that on one hand, while Escherichia coli had
almost no susceptibility to this combination
of Penicillin and methanol, Staphylococci
were more susceptible to the antimicrobi-
al efficacy of this treatment, which could
be boosted further with special treatments,
specifically with the cultured Symbiodin-
ium extract. Thus, showing the differences
in efficacy of treatment on Gram-negative
and Gram-positive bacteria and the viability
of region-specific antimicrobial strategies.
However, overall, these results were not
statistically significant, and fantastically no
antimicrobial activity was shown by any of
the treatments. This means that, under the
experimental setting, Penicillin with meth-
anol and the various treatments were unable
to demonstrate strong antimicrobial effects
on inhibition of bacterial growth (Fig 2).

Figure of heat map of relationships between

physico-chemical factors of antibacterial
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properties of Symbiodinium sp. extracts. In
the summer season and the purified and cul-
tured sample in laboratory conditions plot-
ted through R, the clustering of multivariate
data values based on Pearson correlation
and rows are centered. A unit variance scale
is applied to the rows (Figure 3). . The data
were clustered using multivariate fech-
niques based on Pearson correlation, and the
rows were centered to emphasize their rela-
tive differences. The color scale ranges from
blue (low values) to red (high values), with
red indicating stronger antibacterial effects.
The analysis reveals how certain physico-
chemical factors, such as pH, temperature,
and concentration, are strongly correlated
with the antibacterial properties, forming
clusters that highlight their influence on in-
hibiting Escherichia coli and Staphylococ-
cus aureus. The heatmap offers valuable
insights into the conditions that maximize
antibacterial efficacy (Figure 3).

This heatmap provides an overview of the
complex relationships between physico-
chemical parameters and the antibacterial
activity of Symbiodinium. However, a more
detailed statistical analysis and consider-
ation of other influencing factors are neces-
sary to fully understand these interactions.
The findings of this study can contribute to
the management and conservation of marine
ecosystems, as well as the development of
commercial applications for bioactive com-
pounds extracted from Symbiodinium. This
study examined the antibacterial properties
of extracts from Symbiodinium sp. symbi-
otic with Stichodactyla haddoni collected
from Qeshm Island, Hormuz Island, Cha-

bahar Bay, and from Ilaboratory-cultured
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Fig 2 .The antibacterial properties of Symbiodinium sp. isolated from S. haddoni and from six
other studied samples, along with laboratory-cultured pure Symbiodinium sp., were tested
against Staphylococcus aureus and Escherichia coli.

Means sharing the same letter, according to the LSD test at the 0.05 level, were not significantly

different from one another
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YEX 388 8
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Fig. 3. The relationships between the physicochemical factors and the antibacterial
properties of Symbiodinium sp. extracts during the summer season

Both rows and columns are clustered using correlation distance and mean linkage. 2
rows, 21 columns. 1.
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Symbiodinium sp.. The extracts were tested
against two human pathogenic microorgan-
isms, Escherichia coli and Staphylococcus
aureus. The results indicated that the ex-
tracts from Symbiodinium sp. associated
with S. haddoni demonstrated very weak an-
tibacterial activity. Williams et al. (2007) in-
vestigated hexane extracts from S. haddoni
tissues against the fish pathogen Stichodac-
tyla haddoni, reporting significant inhibition
(24 mm diameter) compared to other patho-
gens. They noted that tissue extracts exhib-
ited more promising antimicrobial activity
compared to non-cellular extracts, suggest-
ing the potential for further exploration of
new antimicrobial agents from S. haddoni.
Trick et al. (1984) identified B-diketone as
an active antibiotic metabolite extracted
from marine dinoflagellates, showing that
environmental factors did not significantly
affect its production. This metabolite may
function in natural environments to reduce
algae degradation by bacteria. Additionally,
Leutou et al. (2020) isolated mono-galacto-
syl diglyceride (MGDG), mono-galactosyl
monoacyl glycerol (MGMG), and methyl
ester of unsaturated and polyunsaturated
fatty acids (PUFAME) from Karenia mi-
kimotoi, none of which showed antibacterial
or antifungal activity. The findings of this
study underscore that extracts of Symbiodin-
ium sp. symbiotic with S. haddoni from the
three studied locations exhibit very weak
antibacterial properties. Symbiodinium sp.,
as a symbiotic organism, does not typically
face direct bacterial stress that would neces-
sitate the production of secondary antibacte-
rial metabolites for survival. As a result, its

antibacterial properties are relatively weak.
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Conclusion

This study highlights the ecological sig-
nificance of Symbiodinium sp., a pivotal
symbiotic organism of sea anemones, par-
ticularly within the marine ecosystems of
the Persian Gulf and Gulf of Oman. While
Symbiodinium sp. plays a critical role in
maintaining coral health and marine bio-
diversity, the antibacterial potential of its
extracts associated with Stichodactyla had-
doni from the studied regions was found to
be exceptionally weak. These findings cor-
roborate previous studies reporting minimal
antibacterial activity in Symbiodinium sp.
extracts. Despite the organism’s importance
in ecological balance, its ability to produce
potent antibacterial compounds appears lim-
ited under the tested conditions. The lack of
significant antimicrobial activity could be
attributed to the symbiotic nature of Symbi-
odinium sp., which likely does not face sub-
stantial bacterial stress in its natural habitat,
reducing the need for the production of an-
tibacterial metabolites. Therefore, while the
antimicrobial properties of Symbiodinium
sp. may be limited, further research is war-
ranted to explore other bioactive compounds
and the complex environmental factors that
might influence their production. This could
provide deeper insights into their potential
applications in pharmaceuticals, as well as
in marine environmental management and

conservation strategies.

References
Abril, A.G., Carrera, M. and Pazos, M.,

2024. Marine Bioactive Compounds with



Plant, Algae, and Environment, Vol. 9, Issue 1, March 2025

Functional Role in Immunity and Food
Allergy. Nutrients, 16(16), p.2592. DOI:
https://doi.org/10.3390/nul16162592.

Adeniran-Obey, S.0O., Isibor, P.O. and

Imoobe, T.O., 2024. Marine Water
Acidification and Coral Bleaching. In
Arctic Marine Ecotoxicology (pp. 403-
420). Springer, Cham. DOI https://doi.
org/10.1007/978-3-031-73584-4 19.

Aeby, G. S., Ben-Hamadou, R., Burt, J. A.,

Padierna, M. L., Range, P. A., Riegl, B.,
... & Torquato, F. D. O. 2024. Coral reefs
in the world’s warmest sea. Coral Reefs
and Associated Marine Fauna around
the Arabian Peninsula, 60. DOI: https://
doi.org/10.1201/9781003321392.

Anitha, A., Kumar, V.J.R., Anjana, J.C., Pra-

bhakaran, M.P. and Preena, P.G., 2024.
Exploring the microbial diversity of zo-
anthids: a gateway to novel marine natu-
ral products and biotechnological break-
throughs. Biologia, pp.1-20. DOI: https://
doi.org/10.1007/s11756-024-01846-8.

Benstein, R.M., Cebi, Z., Podola, B. and

Melkonian, M., 2014. Immobilized
growth of the peridinin-producing marine
dinoflagellate Symbiodinium in a simple
biofilm photobioreactor. Marine Biotech-
nology, 16, pp.621-628. DOI: https://doi.
org/10.1007/s10126-014-9581-0.

Davids, R., Rouget, M., Burger, M., Ma-

hood, K., Ditlhale, N. and Slotow, R.,
2021. Civic ecology uplifts low-income
communities, improves ecosystem ser-
vices and well-being, and strengthens
social cohesion. Sustainability, 13(3),
p.1300. DOI: https://doi.org/10.3390/
sul3031300.

Donelson, J.M., Sunday, J.M., Figuei-

ra, W.F., Gaitan-Espitia, J.D., Hobday,
A.J., Johnson, C.R., Leis, J.M., Ling,
S.D., Marshall, D., Pandolfi, J.JM. and
Pecl, G., 2019. Understanding inter-
actions between plasticity, adaptation
and range shifts in response to marine
environmental change. Philosophical
Transactions of the Royal Society B,
374(1768), p.20180186. DOI: https://
doi.org/10.1098/rstb.2018.0186.

Jebali, A., Sanchez, M.R., Hanschen, E.R.,

Starkenburg, S.R. and Corcoran, A.A.,
2022. Trait drift in microalgae and ap-
plications for strain improvement. Bio-
technology Advances, 60, p.108034.
DOI: https://doi.org/10.1016/j.bio-
techadv.2022.108034.

Jiang, J., Wang, A., Deng, X., Zhou, W.,

Gan, Q. and Lu, Y., 2021. How Symbi-
odiniaceae meets the challenges of life
during coral bleaching. Coral Reefs,
40(4), pp.1339-1353. DOI: https://doi.
org/10.1007/s00338-021-02115-9.

Jiang, J., Wang, A., Deng, X., Zhou, W.,

Gan, Q. and Lu, Y., 2021. How Symbi-
odiniaceae meets the challenges of life
during coral bleaching. Coral Reefs,
40(4), pp.1339-1353.

Khalfeh Nilsaz, M., Aliabadi, S. and Savari,

A., 2024. Predict the effects of climate
change on primary production and vul-
nerability of fisheries species in coast-
al waters of the northern Persian Gulf.

Iranian Journal of Fisheries Sciences,
23(6), pp-893-909.

Lesser, M.P., 2021. Eutrophication on cor-

al reefs: what is the evidence for phase
shifts, nutrient limitation and coral
bleaching. BioScience, 71(12), pp.1216-


https://doi.org/10.3390/nu16162592
https://doi.org/10.1007/978-3-031-73584-4_19
https://doi.org/10.1007/978-3-031-73584-4_19
https://doi.org/10.1201/9781003321392
https://doi.org/10.1201/9781003321392
https://doi.org/10.1007/s11756-024-01846-8
https://doi.org/10.1007/s11756-024-01846-8
https://doi.org/10.1007/s10126-014-9581-0
https://doi.org/10.1007/s10126-014-9581-0
https://doi.org/10.3390/su13031300
https://doi.org/10.3390/su13031300
https://doi.org/10.1098/rstb.2018.0186
https://doi.org/10.1098/rstb.2018.0186
https://doi.org/10.1016/j.biotechadv.2022.108034
https://doi.org/10.1016/j.biotechadv.2022.108034
https://doi.org/10.1007/s00338-021-02115-9
https://doi.org/10.1007/s00338-021-02115-9

Plant, Algae, and Environment, Vol. 9, Issue 1, March 2025

1233. DOI: https://doi.org/10.1093/bios-
ci/biabl101.

Leutou, A.S., McCall, J.R., York, R., Gov-
indapur, R.R. and Bourdelais, A.J., 2020.
Anti-inflammatory activity of glyco-
lipids and a polyunsaturated fatty acid
methyl ester isolated from the marine di-
noflagellate Karenia mikimotoi. Marine
Drugs, 18(3), p.138. DOI: https://doi.
org/10.3390/md18030138.

Lewbart, G.A., 1998. Ornamental Fish:
Self-Assessment Color Review. CRC
Press.

McLachlan, J. 1973.Chapter 1-2: Growth
media-marine. Handbook of Phyco-
logical Methods. Culture Methods and
Growth Measurements, ed. by JR STEIN.
25-5. ISBN-13 :978-0521297479

Muller-Parker, G., D’elia, C.F. and Cook,
C.B., 2015. Interactions between corals
and their symbiotic algae. Coral reefs
in the Anthropocene, pp.99-116. DOI:
https://doi.org/10.1007/978-94-017-
7249-5 5.

Mutalipassi, M., Riccio, G., Mazzella, V.,
Galasso, C., Somma, E., Chiarore, A., de
Pascale, D. and Zupo, V., 2021. Symbio-
ses of cyanobacteria in marine environ-
ments: Ecological insights and biotech-
nological perspectives. Marine Drugs,
19(4), p.227.

Orefice, 1., Balzano, S., Romano, G. and
Sardo, A., 2023. Amphidinium spp. as
a source of antimicrobial, antifungal,
and anticancer compounds. Life, 13(11),
p.2164. DOI: https://doi.org/10.3390/
phl6111615.

Orefice, 1., Balzano, S., Romano, G. and

Sardo, A., 2023. Amphidinium spp. as

a source of antimicrobial, antifungal,
and anticancer compounds. Life, 13(11),
p.2164. DOI: https://doi.org/10.3390/
life13112164.

Papke, E., Carreiro, A., Dennison, C.,
Deutsch, J.M., Isma, L.M., Meiling, S.S.,
Rossin, A.M., Baker, A.C., Brandt, M.E.,
Garg, N. and Holstein, D.M., 2024. Stony
coral tissue loss disease: a review of
emergence, impacts, etiology, diagnos-
tics, and intervention. Frontiers in Ma-
rine Science, 10,p.1321271. DOI: https://
doi.org/10.3389/fmars.2023.1321271.

Pradhan, B. and Ki, J.S., 2022. Phytoplank-
ton toxins and their potential therapeu-
tic applications: a journey toward the
quest for potent pharmaceuticals. Marine
Drugs, 20(4), p.271. DOI: https://doi.
org/10.3390/md20040271.

Raimundo, I., Silva, S.G., Costa, R. and
Keller-Costa, T., 2018. Bioactive sec-
ondary metabolites from octocoral-as-
sociated microbes—new chances for
blue growth. Marine drugs, 16(12),
p-485.DOI: https://doi.org/10.3390/
md16120485.

Rawat, V. S., Nautiyal, A., Ramlal, A., Ku-
mar, G., Singh, P.,, Sharma, M., ... &
Baweja, P. 2024. Algae-coral symbiosis:
fragility owing to anthropogenic activi-
ties and adaptive response to changing
climatic trends. Environment, Devel-
opment and Sustainability, 1-28. DOI:
https://doi.org/10.1007/s10668-024-
04748-6.

Rawat, V.S., Nautiyal, A., Ramlal, A., Ku-
mar, G., Singh, P., Sharma, M., Robaina,
R.R., Sahoo, D. and Baweja, P., 2024.

Algae-coral symbiosis: fragility owing to


https://doi.org/10.1093/biosci/biab101
https://doi.org/10.1093/biosci/biab101
https://doi.org/10.3390/md18030138
https://doi.org/10.3390/md18030138
https://doi.org/10.1007/978-94-017-7249-5_5
https://doi.org/10.1007/978-94-017-7249-5_5
https://doi.org/10.3390/ph16111615
https://doi.org/10.3390/ph16111615
https://doi.org/10.3390/life13112164
https://doi.org/10.3390/life13112164
https://doi.org/10.3389/fmars.2023.1321271
https://doi.org/10.3389/fmars.2023.1321271
https://doi.org/10.3390/md20040271
https://doi.org/10.3390/md20040271
https://doi.org/10.3390/md16120485
https://doi.org/10.3390/md16120485
https://doi.org/10.1007/s10668-024-04748-6
https://doi.org/10.1007/s10668-024-04748-6

Plant, Algae, and Environment, Vol. 9, Issue 1, March 2025

anthropogenic activities and adaptive re-
sponse to changing climatic trends. Envi-
ronment, Development and Sustainabili-
1y, pp-1-28. DOLI: https://doi.org/10.1007/
s10668-024-04748-6.

Shafiga-yusof, N. U. R. U. L., Radzi, N. S.
M. 2022. Symbiodinium in coral reefs
and its adaptation responses toward cor-
al bleaching events: a review. Malaysian
Applied Biology, 51(3), 1-15. https://doi.
org/10.55230/mabjournal.v51i3.2162.

Shah, S.B., 2021. Heavy metals in scler-
actinian corals (pp. 1-26). Springer.
DOI: https://doi.org/10.1007/978-3-030-
73613-2 2.

Shemesh, T., Levy, S., Einbinder, A.,
Kolsky, 1., Bellworthy, J. and Mass, T.,
2024, October. The Effects of Elevated
Temperatures on the Reproductive Bi-
ology of a Mediterranean Coral, Oculi-
na patagonica. In Oceans (Vol. 5, No. 4,
pp. 758-769). MDPI. DOI: https://doi.
org/10.3390/oceans5040043.

Stein-Taylor, J.R., 1973. Handbook of phy-
cological methods: culture methods and
growth measurements, edited by JR Stein
(Vol. 1). Cambridge University Press.

Stoskopf!, M.K., Westmoreland, L.S. and
Lewbart!, G.A., 2022. Octocorallia, Hex-
acorallia, Scleractinia, and other corals.
Invertebrate medicine, p.65.

Trick, C.G., Andersen, R.J. and Harrison,
P.J., 1984. Environmental factors influ-
encing the production of an antibacteri-
al metabolite from a marine dinoflagel-
late, Prorocentrum minimum. Canadian
Journal of Fisheries and Aquatic Scienc-
es, 41(3), pp.423-432. DOI: https://doi.
org/10.1139/£84-050.

60

van de Water, J.A., Tignat-Perrier, R., Al-

lemand, D. and Ferrier-Pages, C., 2022.
Coral holobionts and biotechnology:
from Blue Economy to coral reef con-
servation. Current Opinion in Biotech-
nology, 74, pp.110-121. DOI: https://doi.
org/10.1016/j.copbio.2021.10.013.

Wadhwa, K., Kapoor, N., Kaur, H., Abu-

Seer, E. A., Tariq, M., Siddiqui, S., ... &
Alghamdi, S. 2024. A Comprehensive
Review of the Diversity of Fungal Sec-
ondary Metabolites and Their Emerging
Applications in Healthcare and Environ-
ment. Mycobiology, 1-53. DOI: https://
doi.org/10.1080/12298093.2024.241673
6.

Wayne, P. A. 2002. National committee for

clinical laboratory standards (NCCLS).
Performance standards for antimicrobial
disk susceptibility testing. Twelfth infor-
mational supplement (M100-S12). DOI:
https://doi.org/10.1128/JCM.38.9.3341-
3348.2000.

Whiting, J. R., Booker, T. R., Rougeux, C.,

Lind, B. M., Singh, P., Lu, M., ... & Yea-
man, S. 2024. The genetic architecture
of repeated local adaptation to climate in
distantly related plants. Nature Ecology
& Evolution, 8(10), 1933-1947. DOI:
https://doi.org/10.1038/s41559-024-
02514-5.

Williams, G.P., Babu, S., Ravikumar, S.,

Kathiresan, K., Prathap, S.A., Chin-
napparaj, S., Marian, M.P. and Alikhan,
S.L., 2007. Antimicrobial activity of
tissue and associated bacteria from ben-
thic sea anemone Stichodactyla haddoni
against microbial pathogens. Journal of

Environmental Biology, 28(4), pp.789-


https://doi.org/10.1007/s10668-024-04748-6
https://doi.org/10.1007/s10668-024-04748-6
https://doi.org/10.55230/mabjournal.v51i3.2162
https://doi.org/10.55230/mabjournal.v51i3.2162
https://doi.org/10.1007/978-3-030-73613-2_2
https://doi.org/10.1007/978-3-030-73613-2_2
https://doi.org/10.3390/oceans5040043
https://doi.org/10.3390/oceans5040043
https://doi.org/10.1139/f84-050
https://doi.org/10.1139/f84-050
https://doi.org/10.1016/j.copbio.2021.10.013
https://doi.org/10.1016/j.copbio.2021.10.013
https://doi.org/10.1080/12298093.2024.2416736
https://doi.org/10.1080/12298093.2024.2416736
https://doi.org/10.1080/12298093.2024.2416736
https://doi.org/10.1128/JCM.38.9.3341-3348.2000
https://doi.org/10.1128/JCM.38.9.3341-3348.2000
https://doi.org/10.1038/s41559-024-02514-5
https://doi.org/10.1038/s41559-024-02514-5

Plant, Algae, and Environment, Vol. 9, Issue 1, March 2025

793. DOI: https://europepme.org/article/
med/18405113.

Yousefzadi, M., Riahi-Madvar, A., Hadian,
J., Rezaee, F., Rafiece, R., & Biniaz, M.
2014. Toxicity of essential oil of Satureja
khuzistanica: In vitro cytotoxicity and an-
ti-microbial activity. Journal of immuno-
toxicology, 11(1),50-55. DOI: https://doi.
org/10.3109/1547691X.2013.789939.

Zarei Darki, B., Krakhmalnyi, A. 2017.
Report of armored dinoflagellates from
waters surrounding Hormuz island (the
Strait of Hormuz). The Iranian Journal
of Botany 23 (2), 145-159.

Zhang, T., Liu, H., Lu, Y., Wang, Q., Loh,
Y.C. and Li, Z., 2024. Impact Of Climate
Change on Coastal Ecosystem and Out-
door Activities: A Comparative Analysis
Among Four Largest Coastline Covering
Countries. Environmental Research, 250,
p.118405. DOI: https://doi.org/10.1016/j.
envres.2024.118405.

61


https://europepmc.org/article/med/18405113
https://europepmc.org/article/med/18405113
https://doi.org/10.3109/1547691X.2013.789939
https://doi.org/10.3109/1547691X.2013.789939
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=A8wMhIgAAAAJ&cstart=20&pagesize=80&citation_for_view=A8wMhIgAAAAJ:L8Ckcad2t8MC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=A8wMhIgAAAAJ&cstart=20&pagesize=80&citation_for_view=A8wMhIgAAAAJ:L8Ckcad2t8MC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=A8wMhIgAAAAJ&cstart=20&pagesize=80&citation_for_view=A8wMhIgAAAAJ:L8Ckcad2t8MC
https://doi.org/10.1016/j.envres.2024.118405
https://doi.org/10.1016/j.envres.2024.118405

