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Abstract

Coral reefs being highly diverse to marine ecology, yet most of the mystery remain unsolved. Coral reefs are of
ecological as well as economic importance. Corals support commercial and subsistence fisheries, tourism, and are
of medicinal value. It also creates a barrier against storms, flooding, and erosion by reducing wave action. Further,
Corals support the existence of nearly 4,000 species of fish, 800 species of hard corals reef and other oceanic
species. They also act as carbon sinkers. Coral polyps take up dissolved CO, in the water to make their calcareous
exoskeleton allowing atmospheric CO, levels to be reduced. People around the world depend on the coral reefs as
it's used as food, protection, provides employment and attracts tourism. They are attractive sites for recreational
activities such as snorkeling and scuba diving. Furthermore, the coral reef ecosystem could represent increasingly
significant sources for medical treatments, nutritional supplements, pesticides, cosmetics and other commercial
products. Therefore, needs best strategies to improve to protect coral reef.
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Introduction

Corals are major organism in their phylum Cnidarian, also are
anthozoans and contains above 6000 known species which includes sea
fans, sea pansies and anemones. Stony coral is a largest (Scleractinians)
creation of anthozoans, and mainly held responsible for laying the
foundations and strengthening of reef structures. The Scleractinians are
overseas organisms composed of hundreds to thousands of individuals,
called as polyps [1,2]. Corals are having only narrow degree of organ
growth as it belongs to Cnidarians. Each consists of three basics tissue
layers i.e. which are an exterior, interior and gastro vascular cavity which
acts as an internal galaxy for absorption and a film called as mesoglea
[1]. In same phylum, all coral polyps are cut two basic structural skins
with other membranes. The first is the typical structure of coral, the
gastro vascular cavity. It has open only one end which is usually called as
mouth where the food is consumed, and certain wastages are expelled.
These corals can hold as circle of tentacles and it'’s comfortable of body
wall which is surround its mouth [1,3].

Although, Coral polyps are having smooth physical body which
are unique cellular structure, so-called as Cnidocytes and specific to
Cnidarians. Cnidocytes have organelles named as cnidae, it found via
tentacles and epidermis those includes nematocysts and its harmful cell.
Since, it’s providing mortal toxins; they are essential to capturing target
and facilitate coralline agnostic communications [1]. In their gastro
dermal cells of coral have symbiotic algae so-called zooxanthellae.
The corals allowed staying algae with secure environment and their
compounds are required to photosynthesis. It consists of CO, by
product of coral breathing and mineral such as nitrates and phosphates
which that metabolic wastages of the coral. In response, algae produce
oxygen and help to remove wastes. Furthermost, the byproduct of
photosynthesis is used as building blocks for manufactures primary
metabolites also synthesis of calcium carbonate. Which are significant
to biological data and limestone secreting capacity of coral reef building
[1-5].

Often, Zooxanthellae are producing mortal components which are
strength of coral reef building. As much as ninety percentage of the
organic material are produced by photosynthesis and it’s transferred to
the host coral tissue [5]. If algae cells are ineligible by polyps which can
undergoes drawn-out physiological stress of colonies, and a host may
die shortly. The symbiotic zooxanthellae also consult its shade to the
polyp. If the zooxanthellae are displaced, the colony takes on a plain
white appearance, which is commonly defined as coral bleaching [2,4]
(Figure 1).

While, a stony coral polyp secretes a skeleton of CaCO, reef
structures will formed as large and skinny layer (1-3 mm diameter) but
able to grow huge number of colonies. Whereas, all corals are concealing
CaCO,, but all are not creators of reef. Especially in fungi species, has
own single polyps which can grow as larger than other polyps about
25 cm diameter. Some of coral species cannot produce CaCO,. Some
species never depend on the algal metabolites which produced by
zooxanthellae and lives in depth of ocean [1,5].

During synthesis of stony coral in lowest polyps, produce a cup
is named as calyx and close walls of cup is called as basal plate. Thin,
calcareous septa (sclerosepta), is responsible for physical protection and
an enlarged surface area of soft tissue of polyps, extend upward from the
basal plate and radiate external from its center. Occasionally, a polyp will
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launch its base and secrete a new floor to its cup, establish a new basal
plate above the old one.

This creates a minute chamber in the skeleton. While the colony
is alive, the CaCo, is placed on screen and moves to coral. When
polyps are physically stressed, they bond into the calyx so that
effectively no part is exposed above the skeletal platform. This protects
of the organism from predators and the elements [1,5]. In addition to
considerable horizontal component, the polyps of colonial corals are
coupled with laterally to their neighbors by a thin parallel sheet of tissue
called the coenosarc, which covers the limestone between the calyxes.
Together, polyps and coenosarc constitute a thin layer of living tissue
over the back of limestone they have secreted. Thus, the living colony
lies entirely above the skeleton [4].

Coral Disease

Pathogen on corals

Coral disease is a major provider to declining coral abundance [6-
8]. Recently, a research studies showed that an increase a prevalence
of diseases such as syndromes in the great barrier reef in wider indo-
pacific region [8,9]. All corals are lives in nearest to symbiotic dino
Xagellates which range of endolithic organisms such as Algae, fungi,
and bacteria [10,11]. The greatest outstanding rises in predominance

is ‘White Syndromes’ (WS), consist of a group of syndromes that are
characterized by a distinct line between strong surface of coral tissue
and freshly stripped coral skeleton [12]. A rate of wound evolution in
range from 1.0 to 20 mm a day in white band disease and from 10 cm?
a day in white pox [13-15].

In healthy Caribbean coral, when microbial communities affect the
coral were strikingly different from the community on the same species
of corals that has infected with black band disease [16]. Molecular
studies of Montastraea annularis corals with a white plague with shifts
in the microbial community even in healthy tissues [17]. These coral-
associated with bacteria, probably help to define a coral’s ecological
place on the reef and interruption of this microbial community could
make corals susceptible to mortality [18-21]. As the mucolytic activity
of pathogens is higher than benign bacteria, they can make the coral
sick absorption of almost 109 cells/mL [22,23]. Though the etiological
agents are not specific to corals yet are able to pass diseases which is
multiple and distinctive to marine organism [24,25] (Figure 2).

Bacterial diseases of corals

According to the Bourne, is being believed as the causative
microbial agent of some coral disease widely reported that bacterial
populations living in coral mucus [26,27]. White Band Disease (WBD)

Red band disease.

Figure 2a and b: Black band diseases; ¢ and d: Dark spot disease; e: Yellowish Band disease; f: Growth anomaly; g: White band disease; h: White plague; i:
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was first described in the Caribbean in the mid-1970s [28]. It is
characterized by a tissue that is peeling off in a consistent band starting
at the base and moving up in the branch and with a tissue loss of several
millimeters a day, which can eventually kill entire colonies. Acropora
palmata populations, along with A. cervicornis populations, have also
been affected by White Band Disease (WBD) (28-30]. Further it’s noted
that etiology of WBD is not fully understood, yet it assumed that this
bacterial infection is of unknown origin [13,28-31].

Also noted that aggregations of gram-negative bacteria have been
found in association with Acropora palmata showing signs of WBD Type
I [29]. Ritchie and Smith (1998) [32] later proposed Vibrio carchariae
as the causal agent of WBD Type II, but it was never confirmed. White
Pox Disease (WPD) was first described in 1996 on reefs of Key West,
FL and has been observed throughout the Caribbean [33]. When the
causal agent Serratia marcescens is the only confirmed agent resulting
in WPD lesions in Acropora palmata [15]. Other microbes could also
result in similar disease patterns but are yet not described. Its due to
an organism in the enteric bacterium (Serratia marcescens) which is
commonly found in clinical situations [34,35] and commonly found
in water, soil, crops and in wide range of organisms including insects,
plants and human feces [34,36,37]. WPD which spread rapidly is
notable with white patches of a bare skeleton which can be found on
the surfaces or undersides of branches. Sutherland and Ritchie (2004)
[8] reported these lesions can grow at an average rate of 2.5 cm?* day-
1 and greatest tissue loss coincides with high temperature. White pox
disease is sometimes mistaken for white band disease, bleaching, and
predation scars by Coralliophila abbreviata, although its distinct lesion
characteristics can be easily discerned by trained eyes. Also, Rogers et
al. [38] mentioned it is not clear when WPD first appeared.

An E. cloaca being a family member of Enterobacteriaceae and
like most of the other family members is an opportunistic pathogen
that causes infections in hospitalized patients [39,40]. Santavy [41] has
found, Porites astreoides harbor a bacterial species, possibly Moraxella
sp. that forms ovoids within P. astreoides and seems to take part in the
normal life cycle of healthy corals. Also, some other studies have proved
that certain species of nitrogen-fixing bacteria are associated with corals
and/or their skeletons [42,43].

Mucus layer of corals

Mucus is consisting of primary metabolites such carbohydrates,
proteins, and lipid which secreted by surface of coral and used defined
as Coral Surface Micro-layer (CSM). The Surface Muco-polysaccharides
Layer (SML) and Muco-Polysaccharides Layer (MPSL) are secreted by
microbial populations which live in surface of corals [44]. Mucus are
responsible for significant of coral mortality, mainly in the Caribbean
[45]. Mucus layer may both act as a protective physicochemical barrier
[8,46,47] and growth media for bacteria which include pathogens
[23,48,49]. Particularly, the SML provides hundred times of growth
media for bacteria than other layers and here able to act as metabolically
in nearby seawater [50].

Phylogenetic Relationships of Coral Pathogens

Molecular and genomic techniques are used to study the depth
of coral pathogens. Molecular techniques are used to identify new
organisms and new metabolic processes [51]. Unrestricted mete
genomic studies provide information on all genomic regions. It enables
the functioning of both taxonomic description and potential metabolic
of the microorganism within an environment [52]. 16S rDNA have
identified that microbial population related with corals are diverse to

develop both species-species [53] and generalist associations [52]. The
part of the DNA now most commonly used for taxonomic purposes for
bacteria is the 16S rRNA gene [54-58]. Identification and classification
of the marine higher fungi have followed traditional avenues of the
evaluation and significance of morphological characters at the light
microscope level. For the Ascomycota, ultra-structural characters in
the transmission and scanning electron microscope levels have also
been used [59]. In studying phylogenetic relationships of pathogens,
the morphology and analyses of DNA sequences are used. Ribosomal
DNA has been extensively used for systematic and phylogenetic sides
due to exploiting variation in the molecular techniques [60].

Importance of Coral Reef

Variety of fish species and marine life are inhabitants of coral reefs.
They decorate the sea floor and create a vast diversity in the ecosystem.
Reefs are made up of many groups of coral, which is a tiny living
organism that has a larger role in balancing the marine ecosystem.
Someone may think that the coral reefs are inanimate, but they are alive
and beneficial not only to ocean but for humans live in the land.

Medicine properties

Some compounds found in coral reefs are of medicinal value. They
are being used to treat asthma, arthritis, human bacterial infections,
Alzheimer’s disease, cardio vascular diseases, Viruses and even type of
cancer. It has given a great boost to the medical field [61]. Researchers
are continuing to study other medicinal and health benefits coral can
provide, including anti-tumor activity [62].

Fishing activity

Coral reefs are habitats to various species of fish and many
countries rely on these sites for fishing. According to NOAA (National
Oceanic and Atmospheric Administration), fishing activities in coral
reefs carries in certain countries which are emerging to produce food
for millions of people [63].

Tourism

Coral reef ecosystem is home for variety of marine life such as
clown fish, sharks, and sea turtles which attracts tourists all around the
world. They are attractive sites for scuba divers or snorkelers as well and
thus coral reefs can worth millions of dollars a year, globally in tourism
if the reef’s health is impacted negatively so is the community. Tourism
will be disturbed causing a decrease in destinations of income and loss
of employment [64].

Coastal protection

Coral reefs act as strong obstacles between the sea and land. Its
reefs are so strong that it obstructs the waves during storms hurricanes
typhoons and even tsunamis. It saves the property from erosion,
flooding and so on of the shore. Coral reef further saves billions of
dollars annually by terms of reduced insurances, coastal defense and
restoration costs [65].

Conclusion

Coral reefs have highly significant due to their highly applications
on this planet such as protecting seashores from hurtful of wave action
and tropical storms, be responsible for habitats and shelter for many
marine organisms. Coral reefs are one of source of nitrogen and other
essential nutrients for ocean food chains and impact of fixation of
carbon and nitrogen also assist to nutrient recycling. Therefore, most of
marine organism lives in coral reefs.
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Coral Reefs are habitats to various species of fish and many
countries rely on these sites for fishing. In Australian economy, through
fishing and tourism coral reef has make above one half million in
annually. The coral reef is cleansing environment and climate over
the past million’s years. Lessening biodiversity through the removal of
species unescapably this leads to the breakdown in ecosystem health
and function.

Enthusiastic environment is needed for natural resources such as
nutrition and medications also services are reprocessing and distillation
of water and air, the materialization of soil and breaking the pollutants,
social cultural and recreational activities and high species diversity.
This diversity is providing a larger gene pool and provide good societies
as a survival option when climates and environmental conditions are
changed. Therefore, death warning for species when there is limit. So,
they may play crucial role in an ecosystem, uncertainly removed all
organisms are atmosphere effect within community. Currently, real
challenges of humankind activities and climate changes are affecting
the health and function of species.

Coral reefs are a precious gift that provides humans with many
resources in medicine, and fishing. It brings in billions of dollars that
benefit the community as well. Furthermore, the coral reef ecosystem
could represent increasingly significant sources for medical treatments,
nutritional supplements, pesticides, cosmetics and other commercial
products. So that needs to develop strategies to protect coral reef. By
protecting the ocean, we ensure the health of reefs of thousands of
species. A healthy ocean will keep coral beautiful.
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