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Abstract
Coral reefs are the important marine biodiversity hotspots, providing livelihood for coastal population
around the world. In recent times, coral reef ecosystems are facing natural and anthropogenic threats. Coral
reefs in the Gulf of Mannar Marine Biosphere Reserve, southeast coast of Tamil Nadu, India are one of the
peculiar ecosystems less studied. Thus, to unveil the potential threats in the coral reefs of Gulf of Mannar
region, the present study has made several coral reef monitoring by Line Intercept Transect method in the
Gulf of Mannar group of Islands. Surveys revealed the canopy-forming indigenous and invasive macroalgal
species, Turbinaria ornata, T. decurrens and T. conoides overgrowing dead reef areas. Although these
macroalgae are not an alien species in these islands, but have become increasingly abundant and competing
against coral colonies for space. Underwater visual censuses have indicated Turbinaria species as
opportunistic invaders. These species are taking the advantage of dead corals for substrata and thereby
restricting the settlement of coral polyps. Dense growths of these species have formed patches with several
100s of thalli per m* and as continuous canopies in some dead reef areas. Further studies on spatial and
temporal distribution of these invasive species are yet to be undertaken for developing better management

strategies.
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1. Introduction

Coral reef ecosystems are in general called as the tropical rain forests of the sea, harboring enormous number
of marine flora and fauna. In fact, corals are made up of several thousands of small tiny polyps which build a hard
outer reef skeleton by secreting calcium carbonate. Usually, healthy and adult corals have the ability to prevent
settlement of different algae on their live tissues [17]. However, newly growing polyps are very susceptible to algal
assemblage [27]. The role of marine plants in coral reefs including seagrasses [37] and seaweeds [4, 5] have been
well understood. Seagrasses are biological filters which traps sediment particles from surrounding reef area [37].
Among macroalgae, crustose coralline algae are known to play an important role in the settlement of coral polyps
r67.

Conversely, reports also indicated the impact of indigenous and nonindigenous invasive macroalgae, including
Acanthophora spicifera and Hypnea musciformis [77] Hypnea musciformis [87] Sargassum muticum [97] S. mangarevense
[107] 8. horneri [117] Fucus serratus [97] T. ornata [107] Caulerpa taxifolia [12, 137 A. spicifera, Avrainvillea amadelpha,
Gracilaria salicornia, H. musciformis, Kappaphycus sp. and Dictyosphaeria cavernosa [147] Codium fragile, Membranipora
membranacea [157] and Codium isthmocladum (167 from geographically different coral reefs environments.

According to the [UCN maintained “Global invasive species database” [17] two marine macroalgae species
Caulerpa taxifolia [137] and the kelp Undaria pinnatifida [187] are listed among top 100 invasive species.
Significantly, the brown macro alga belong to class Phaeophyceae, Turbinaria ornata has also been identified as an
evolving invasive species from different reef environments [4, 197. Previously, commercially important exotic red
alga, Kappaphycus alvarezii was reported as an exotic invasive species that associated with Acropora sp. and
Montipora sp. corals from Krusadai and Mulli Islands of Gulf of Mannar [207].

In general, Turbinaria species are distributed widely in tropical and subtropical areas of Indian and Pacific
oceans. These macroalgae are usually found on dead corals, rubbles and rocks in intertidal region, and has ability to
form blooms. These macroalgae can propagate abundantly by fragmentation and sexual reproduction via mature
fronds [217. In the present study we report the native invasive macroalgal species belonging to genus Turbinaria
distribution in coral reefs and their impact on corals.

2. Materials and Methods

The present study was conducted on the fringing reet of Gulf of Mannar. Underwater surveys were carried out
in Hare Island, Manoli Island and Manoli Putti Island. Macroalgae were photographed while diving at a depth of
0.7m to 2m using underwater camera. Line Intercept Transect method and Quadrates were carried out during the
survey, following the standard methodology described earlier [227. Specimens were identified based on
morphological characters available in AlgaeBase [237.

3. Results and Discussion

Over the past decade, coral reefs in Gulf of Mannar have experienced severe bleaching. Now the dead reef
areas are playing an important role in restoring the reef environment. Our underwater census revealed that there is
a high competition for substrata between recruiting corals and algae. This observation is in agreement with the
previous reports as detailed in a review [27]. Apparently, Turbinaria species are highly predominate in reef areas
unlike Sargassum species which have grew away from coral reefs Figure 1.
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Figure-1. An aggregation of Twurbinaria on dead corals. (a & b.) Turbinaria ornata; (c.) T. conoides; (d.) T. decurrens.
Source: Present study.

Significantly, Turbinaria species are abundant on dead corals and also forms patchy and continuous beds in the
reef area. Apparently, over 60 to 70% of the dead coral reef area is occupied by Turbinaria species. Only 30 to 40%
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of the dead coral area is found with unidentified filamentous brown and red algae. Sedimentation on the upper
surfaces of several massive Porites sp. has given opportunity to flourish Turbinaria species up to 56.25%. We also
observed that shoots of Turbinaria species are involved in spreading pink line disease faster on the upper body
surface of Porites sp. than on the other body areas IFigure 2. The artificial surfaces such as tires and fishing ropes in
the reef area were also appear to be suitable substrata for Turbinaria species covering up to 80% to 100%.
Although, Sargassum species are being considered as putative invasive algae, turf Turbinaria ornata and T.
conoides have succeeded as the major invader in the dead coral areas for the settlement Figure 2. If these species
continue to prevail the dead coral reefs, then we may not be able to expect the recruitment of corals to replace the
dead reef region to become healthy as they were before. Although T ornata has been reported to increase the local
macroalgal richness by acting as an herbivory refuge [247] we have not found such incidence in this study.

, 09:45:21 W ,
Figure-2. (a.) Tuft aggregation of T. ornata on live coral, Porites lutea; (b.) Pinkline disease propagation on upper body

surface of Porites lutea due to T. ornata shoots.
Source: Present study.
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Indeed, grazing and herbivore animals (for instance, parrotfishes) in the reef crest are known to play a
significant role in controlling the growth of algae, thereby contributing to ecological balance of reef ecosystem
[257]. Evidently, we have found very few parrotfish in Hare Island and not seen abundant fish diversity like that of
healthy reef. This is an indication of reef that experiencing multifactorial stress conditions which are yet to be
unveiled. The present study observations are challenging and make sense that restoring coral reefs is a very
essential step to raise local densities of herbivore fishes to graze the algae. Previous studies demonstrated that 7.
ornata can produce anti-herbivore phenolic compounds to avoid grazers [267].

Field investigations suggest that Turbinaria species could be a potential competitors which promote their
settlement on reef habitats, thus inhibits the settlement of coral polyps for regeneration. Recently, a study from Fiji
found that coral species are tended to display positive association with non-allelopathic macroalgae Turbinaria
conoides and Sargassum polycystum [ 57]. However, the allelopathic effect of T ornata on corals has not been studied so
far. Also, we noticed that 7. ornata has not caused any visible damage such as mortality or bleaching to Acropora
and Porites species they contacted. However, it was apparent in our underwater visual census that reef crest was
tully occupied by well flourished T. ornata. We believe that T. ornata manifestation is one of the reason that
preventing recovery of corals as well as reef resilience. A recent study indicated that dominance of T. ornata can
reduce the growth of corals as observed in Acropora pulchra and Porites rus irrespective of predation intensity [4].
Based on our census, we infer that 7. ornata posing threats and being one of the potential inhibitor in coral
recruitment. Further, Twurbinaria species are being monitored to understand their competitive strategies as well as
negative impact on corals as well as on other algal diversity in Gulf of Mannar.

Reportedly, T. ornata has potential therapeutic applications such as anticancer [277] anti-inflammatory [287]
antiulcer [297] antibacterial [307] antidiabetic and antioxidant [817] antiangiogenic [327] and for cosmetics
including oils, soaps, shower gels, shampoo, body oil, skin moisturizing creams and protective lotions in French
Polynesia (www.pacifiquesud.com). The local people in Gulf of Mannar are already exploring the abundant
resource of Sargassum species for industrial applications. Thus we suggest that Turbinaria species may also be
harvested and utilized for further lucrative industrial applications. This approach would help to reduce the risks
prone to coral settlement and to substantially control the proliferation of T. ornata and T. decurrens. Also,
multidisciplinary approaches are needed to address these issues related to mitigation and eradication of invasive
species in Gulf of Mannar. Apparently, a study showed the exclusion of 7. ornata from coral reefs resulted in
increase in the fish species richness (McCarthy). Such practice may be easy to implement in Gulf of Mannar,
however we are not sure about the later consequences, hence further studies are yet to demonstrated. Different
methods to control various invasive seaweeds have also been suggested for implementation [337].
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