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Coral reefs of the Gulf of Mannar region, India, are damaged severely by bleaching events, anthropogenic stressors, coral 
diseases, and invasive species. The fate of dead corals has not been investigated in this region. In this study, dead corals forming 
a coral rubble islet was identified about 800 m away from the southeast of Manoliputti Island, Gulf of Mannar. The 50 m-long 
rubble islet consisted mainly of dead Acroporidae and Faviidae corals. Field observations indicate that the convergence of 
waves from various directions around the coral rubble islet may be a primary factor in its formation. Current velocity and wind 
patterns data from satellite support that the collision between wind and current would facilitate the formation of a coral rubble 
islet. Further studies are required to understand the long-term influence of extreme waves, currents, and longshore drifts on this 
coral rubble islet's accretion, shape, and shift. The study infers that the instability of the seafloor topography, combined with the 
vulnerability of Acroporidae and Faviidae corals to hydrodynamic forces, may have led to the substantial generation and 
accumulation of coral fragments over the past two decades. Thus, further studies on the sediment texture of reef flats and 
conservation and restoration of these corals are needed urgently to protect coral reefs in the Gulf of Mannar. 
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Introduction 

The ocean is a dynamic environment where several 
geological and biological phenomena are seen along 
the coastal areas. In geological aspects, the formation 
of sediment bars, bay mouth bars, sand dunes, 
sandbanks, barrier islands, sand spits, tombolos, 
ripples, massive sediment accretion, mega ripples, sand 
ridges, and shell depositions are some of the well-
known geological processes that occur in the neritic 
region1. The deposition of these sediments is mainly 
controlled by strong waves and current patterns2,3. The 
aforementioned geological processes are of great 
importance to the researchers who monitor coastal 
structures, coastal hydrodynamics, sediment transport, 
remote sensing, and biodiversity conservation. 

In biological aspects, based on Darwin's subsidence 
theory, the formation of various forms of coral reefs, 
such as fringing, barrier, and atoll reefs, are well-
known evidences4. The underwater and emerged 
surface deposit forms in coastal areas can be made up 
of sand, mud, rocks, shells, macroalgae, seagrass, and 

corals and are not frequently encountered nearshore. 
While the formation of coral mounds is largely 
unknown among all other forms of depositions5. This 
might be due to a lack of regular field surveys or 
limited field surveys in intertidal regions. Regular field 
visits along the shoreline and coastal waters are always 
important to document such geological processes.  

Unlike the well-known cold-water coral mounds in 
the global ocean5, the occurrence of coral ridges and 
coral rubble islets formed around the islands or 
mainland regions are least investigated in the global 
ocean, except reefs from the Caribbean6,7 and Great 
Barrier Reef8,9. These structures were reported to be 
formed by the orbital movement of waves and 
overwash during hurricane wave run-ups, storm surges, 
hurricanes, cyclones or tsunamis10. Recently, the 
formation of reef islands, also called ‘motu’, which are 
similar to coral rubble accretions found in this study, 
were reported to be formed due to morphodynamic 
feedbacks, viz., waves, and sea level conditions11. The 
coral rubble ridge formations were reported to be due 
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to extreme waves and currents2,3,11-15, hurricanes, 
tsunamis6,7, typhoons16, and storm surges8,9,17.  

Coral reefs in the Gulf of Mannar, southeast coast of 
Tamil Nadu, India, are degrading due to recurrent 
bleaching events, invasive biota, and diseases. In recent 
times, coral reefs in the Gulf of Mannar islands are 
experiencing frequent bleaching events due to 
increasing temperatures in the global scenario18,19. 
There is no real-time data to understand the dispersal 
and accretion of coral rubbles to form rubble islets and 
ridges in the Gulf of Mannar Islands. The coral rubbles 
are found around the reef flats in the Gulf of Mannar 
islands, which might have originated from the reef 
patches damaged by various threats such as coral 
diseases, algal invasions, coral-killing sponge 
invasions, and boat anchoring due to destructive 
fishing18,20-35. The occurrence of coral ridges was 
reported from Appa Island in the Gulf of Mannar 
region36. Since coral reefs are degrading in the Gulf of 
Mannar region, restoration activities have been 
undertaken37. However, the fate of dead corals in the 
reef flats is unaddressed and unknown in this region. In 
this study, a coral rubble islet, which is quite a 
ubiquitous geological structure formed by the accretion 
of dead corals near Manoliputti Island under the Gulf 
of Mannar region, was identified in November 2018 for 
the first time from the Indian coral reefs. This study 
aimed to report the first occurrence of the coral rubble 
islet and its biodiversity, and discuss the possible 
factors that might be linked to the formation of the 
rubble islet near Manoliputti Island. 
 
Materials and Methods 
 

Study area 
The Gulf of Mannar Marine Biosphere Reserve is a 

biodiversity-rich region in southeast Asia, comprising 
a chain of 21 islands under the Mandapam, 
Keezhakkarai, Vembar, and Tuticorin regions. These 
islands are surrounded by fringing coral reefs. 
Manoliputti Island is about 7 km far from the 
mainland coast. This island is surrounded mainly by 
Acropora, Favia, and other massive Porites reef 
patches. Most of the reef patches around this island 
were bleached and invaded by algal profusion, 
resulting in dead reefs in this region.  

 
Data collection 

Field surveys were conducted in November 2018. 
Coral rubble islet was observed near Manoliputti 
Island under the Mandapam region in the Gulf  
of Mannar, India (09°12.317’ N, 079°08.365’ E)  

(Fig. 1). Coral rubble islet dimensions such as  
length, width and height of the rubble islet and 
sandbar that connected to the coral rubble islet  
were obtained during low tide as well as high  
tide swashes using a measuring tape. The average 
exposed height of this coral rubble islet was measured 
by considering the heights between swash (high tide) 
and backwash zone marks (low tide). Satellite 
imagery of the study region (2007 to 2018) was 
retrieved from Landsat and Google Earth Pro 
programs, and documented the shape and transformation 
of the coral rubble islet in different years. Satellite 
images were not retrieved from a specified tidal  
level, but indicated yearly images, merely. 
Quantitative data collection (changes in rubble islet 
over the period) from the rubble islet was investigated 
during this study using Google Earth. The type  
of waves prevailing in this coral rubble islet  
was identified visually by counting the number  
of shallow water waves, also known as translatory 
waves per minute. 
 
Sea Surface Temperature (SST) 

The daily Sea Surface Temperature (SST) data  
(in degree Celsius) with a spatial resolution of 1 km  
was downloaded from the GHRSST Global 1-km  
Sea Surface Temperature (G1SST) for the period  
of 2007 to 2018 (https://podaac.jpl.nasa.gov/dataset/ 
JPL_OUROCEAN-L4UHfnd-GLOB-G1SST). The 
results showed variations in SST during this  
time period, ranging from 26.5 °C to 31.5 °C.  
The high persistent SST conditions trigger coral 
bleaching and subsequently damage the corals. 
 
Winds and currents  

The monthly means of zonal wind stress (N m-2), 
meridional wind stress (N m-2), zonal currents (cm s-1) 
and meridional currents (cm s-1) with spatial 
resolution 0.1 degree × 0.1 degree for the period 
January 2007 to December 2018 was taken from  
the OGCM for the Earth Simulator (OFES) (source: 
http://apdrc.soest.hawaii.edu/datadoc/ofes/ncep_0.1_g
lobal_mmean.php). The above data were plotted  
and analysed using the FERRET software 
(http://ferret.pmel.noaa.gov/Ferret/)38. 
 
Species composition at the rubble islet 

Biodiversity around the rubble islet was 
investigated to understand the current species 
composition and compare this data with future 
studies. Snorkelling was performed to document the 
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flora and fauna distributed around the rubble islet. 
Underwater photography was carried out using a 
Nikon Coolpix camera. Species identification was 
confirmed with the Gulf of Mannar species 
database39. Coral species found in the rubble islet and 
sandbar were identified using standard coral 
identification keys4.  
 
Results 

The coral rubble islet (n = 1) was formed 
approximately 800 m away from Manoliputti Island. 
The maximum elevated height of the coral rubble islet 
was 1.10 m from the low tide mark. There were clear 
marks of spring, high, and low tides with lateral view 
heights of 0.72 m, 0.68 m, and 0.1 m, respectively 
(Fig. 2). The length and width of the coral rubble islet 
were 50 m each. The total length of sandbar that 
connected to the rubble islet edge was 110 m long and 
18.6 m in width. The sandbar was visible only during 

low tide and was mainly composed of coral sand and 
rubbles (Fig. S1). Area of the rubble islet (Fig. 3) 
increased continuously (376 sq m in 2013, 444 sq.m 
in 2017, and 1217 sq.m in 2019). This was the 
maximum decadal growth of the rubble islet observed 
in the current study from the available satellite images 
in Google Earth Pro. Sediment size class observed 
around the rubble islet and sandbar was coarse to 
rubbles. The wave pattern around the coral rubble 
islet was not unidirectional and splashed from four 
corners of the coral rubble islet. The type of waves 
involved in forming this rubble islet were constructive 
waves, representing only eight waves per minute 
recorded by visual observations (Fig. S1). 

Satellite images of the years between 2007 and 
2018 revealed the formation of a clear rubble islet at 
different time intervals (Fig. 4a – e). During 2009, 
accretion of an enormous amount of dead Acropora 
corals had formed a large rubble islet and a sandbar  
 

 
 

Fig. 1 — Map showing the coral rubble islet location near Manoliputti Island 
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(Fig. 4b). A gradual development of the coral rubble 
islet and a partial development of sandbar were 
observed in 2013 (Fig. 4c). During 2013, middle part 
of the coral rubble islet was appeared to be filled with 

seawater but not corals (Fig. 4c). Later, satellite 
images of 2017 and 2018 revealed a complete 
formation of rubble islet filled with historical dead 
corals. Any signs of fresh coral depositions were not 
observed around the islet. The elevated sandbar 
formation was also observed during this study (Fig. 
4d – f). Further, the study intended to combine 
historic depth profile data of the study area with 
Carbon-14 analysis and coral bleaching data to 
provide a more comprehensive understanding of this 
islet formation. The Chart No 3016 published by the 
National Hydrographic Office (NHO), Dehradun in 
2005 shows a new islet formed adjacent to Manoli 
Island. However, NHO did not mention the materials 
of the island and its formation process. This study 
reports the formation of a coral rubble islet, which is 
geographically separate and distinct from the new 
islet indicated by NHO (Fig. S2). 

The marine biota observed around coral rubble islet 
found in this study includes marine algae: Turbinaria 
ornata, T. decurrens, Caulerpa racemosa, Padina 

 
 

Fig. 2 — Illustration showing (a) Manoliputti Island, sandbar, and the coral rubble islet; (b) Maximum length and width of the
coral rubble islet; (c) Lateral view measurements of the coral rubble islet; and (d) Upper view of the coral rubble islet with clear
zonation pattern 

 

 

 
 

Fig. 3 — Quantitative data of the coral rubble islet with moving
average trend line showing the development of rubble islet over
the years 
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boergesenii, Sargassum wightii, Colpomenia sinuosa, 
Portieria hornemannii, Halimeda tuna, H. opuntia, 
Lobophora variegata, and other coralline algae; 
Invertebrates: unidentified sponges, Periclimenes 
brevicarpalis, Stichodactyla spp., Trochus spp., Turbo 
spp., Holothuria atra; Corals: Porites solida, 
Montipora digitata, Acropora spp., Favites spp.; 
vertebrates: Canthigaster margaritata and other reef 
fishes; and birds: hundreds of Tringa hypoleucos. 
Also, unidentified terrestrial plant species were found 
to grow on this coral rubble islet (Fig. S2).  
 
Discussion  

The coral rubble islet was mainly composed of 
Acropora and Favia, and other minor corals. 
Although massive corals of Porites species were 
observed around the rubble islet, there were no 
remnants of dead massive Porites corals on the rubble 
islet (Fig. S3). This indicates that irrespective of the 
topographic nature, the stability of coral fragments 
might have played a possible role in uprooting 
Acropora and Favia corals to generate a large amount 
of coral fragments in two decades. Unlike Acropora 
and Favia corals, massive corals Porites have high 

stability and the ability to withstand extreme waves 
and currents; thus, Porites skeletons might not have 
been found in the rubble islet. Although coral rubble 
ridges were documented seaward side from almost 
every island (data not shown), significant depositions 
of coral rubble ridges were observed from Shingle, 
Appa, and Puluvinichalli Islands. The sediment 
texture of the Mandapam region is mainly represented 
by coarse to medium sand40. Sediment texture from 
the rubble islet indicates that the rubbles found could 
be transported by high-energy waves and coarse coral 
sand by local currents and non-storm wave 
overtopping. However, the lack of different time 
series data on hydrodynamic conditions and storm 
events from the Mandapam group of islands limits the 
study in identifying the underlying factor linked to 
rubble coral islet formation.  

A recent study from the Great Barrier Reef 
reported the formation of rubble spits3,13, which 
contributed to the development of rubble islets over 
decades3. In this study, rubble spits were not 
identified, but a clear sandbar formation was observed 
near the rubble islet. Unlike coral rubble ridges, 
which were mainly formed along the shores13, rubble 

 

Fig. 4 — Satellite images (Land Sat and Google Earth) showing the rubble islet formation over a decade: (a) Rubble islet formation 
traces were not observed in 2007; (b) A piece of the coral rubble islet formation was detected in 2009; (c) In 2013, an enclosed 
coral rubble islet formation was observed. During this year, the centre of this rubble islet was in a pit shape filled with seawater;
(d) A complete coral rubble islet formation was found in 2017; and (e & f) Current status of a fully formed coral rubble islet connected 
with well-developed sandbar 
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islets are formed away from the shore between the 
reef crest and reef flat regions. Previous studies 
indicate reef wave interactions, waves, and currents as 
the key factors involved in the transportation of coral 
sand and rubbles to form sand-apron2 and rubble islet 
structures3. The elevated reef crest was also thought to 
control the development of the rubble flat13. However, 
the reef crest around the rubble islet found in this 
study was not elevated but flat, indicating that reef 
crest elevation may not be one of the factors 
controlling the rubble islet formation. 

Mandapam region is a biodiversity-rich hotspot 
compared to other regions in the Gulf of  
Mannar41. Elevated temperatures recorded from the 
Mandapam group of Islands are known to cause 
partial to complete coral bleaching19,31,32,42. The 
temperature profile (Fig. S4) of this region indicates a 
possible role of temperature-mediated bleaching 
events, which are more likely to kill corals. Breakage 
of corals due to strong waves and currents has been 
reported earlier from the GoM islands31,32. Although 
bleaching events found in this region have not 
resulted in the uprooting of corals in a minimal or 
large amount, bleached coral fragments were (field 
observations) highly prone to breakage by strong 
waves and currents during pre-monsoon and 
monsoon. The tidal range in the Mandapam region is 
recorded to be between 0.05 – 0.7 m. Weather 
conditions around these islands and between the 
islands are rough, with heavy wind waves, turbulence, 
and strong currents37. These conditions limit most of 
the field surveys to focus on seasonal studies. Some 
islands in the GoM often face high wave action that 
damages corals31 and forms coral rubble ridges in 
different islands of the Gulf of Mannar43. Studies 
reported the dominance of swells44, surface waves45, 
storm surge of 4 m(refs. 46,47), longshore sediment 
transport and waves48 in the Gulf of Mannar region, 
indicating that these physical factors as the possible 
factors involved in reef damage and formation of 
coral rubble islets. Another possibility of rubble islet 
formation may be linked to the wave-induced 
longshore sediment transport process48. Storms must 
not have contributed as they did not cross the study 
region during the 2009 – 2019 period (Fig. 5). 
However, real-time data measurements on these 
processes are not monitored either in this study or in 
previous studies to track the coral ridge formation. 
The combined action of waves and currents might 
take more than two decades to form a rubble islet in 

this study area, indicating that the coral fragments 
deposited in this study might be of decadal origin, 
resulting from the breakage of reefs during storms, 
extreme wind waves, and currents. Current velocity 
and wind data (Figs. S5 & S6) also clearly suggest 
that the collision between wind and currents in this 
study region might be one of the reasons that appear 
to favour the formation of a coral rubble islet by the 
uprooted corals from the surrounding milieus. 

Recently, a coral mound from the northeast Atlantic 
was reported to be generated due to current-associated 
processes49. Oceanic currents can contribute to the 
formation of coral rubble islets by transporting and 
depositing coral fragments, shells, and other reef 
materials. The accumulation and cementation of these 
materials, facilitated by ocean currents, can eventually 
form coral rubble islets or mounds. A recent study 
revealed that the Manoli Island region exhibits high 
bathymetric stability, surpassing that of other islands 
and mainland coastal areas50. Nevertheless, the limited 
availability of bathymetric data hinders the ability to 
pinpoint the precise hydrodynamic factors and other 
influences contributing to the formation of coral rubble 
islets in this region. A review of corals, rubble ridges, 
and coarse deposits on the Caribbean and Great Barrier 
Reef shores indicated that such depositions occurred 
due to tides and wave run-up, storm surges, hurricanes, 
and cyclones or tsunamis6. Particularly, during a storm 
surge, the orbital movement of waves and hurricane 
overwash has contributed predominantly to the 
formation of coral ridges on shore6,10. Recent studies 
from the Gulf of Mannar region observed the formation 
of a sand spit around Vaan Island under the Tuticorin 
region due to the hindrance of wave action by the 
artificial reef modules51. The formation of sand spit 
structures is believed to be due to the strong water 
movement, wave action, and current variability51-53. 
Although such natural hazards or breakwaters have not 
been reported from the Gulf of Mannar, it is believed 
that strong current velocity, heavy wind-driven waves 
(Figs. S5, S6), and wind patterns observed at this island 
may be sufficient to deposit these dead corals to form a 
coral rubble islet.  

During this study, the dead reefs found in 
Manoliputti Island under the Gulf of Mannar region 
were intact, indicating that dead corals that formed a 
coral rubble islet near Manoliputti Island might not 
have originated from Manoliputti Island but instead 
originated from elsewhere or adjacent regions. The exact 
origin of these  accreted  corals  is  currently  unknown. 
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Therefore, reef conservation and hydrographic 
research remain a primary concern in identifying the 
source of such large amounts of dead corals deposited 
at this spot. There were no signs of live coral 
depositions in this study area. Further studies on the 
topography, wave motion, heavy winds, currents, and 
storms at this island are required to understand these 
factors' direct or indirect roles in the construction and 
dissipation of this rubble islet. The development of 
terrestrial plants on this rubble islet has influenced the 
initiation of the plantation of mangrove species like 
Rhizophora apiculata and Ceriops tagal at this coral 
rubble islet to see whether this rubble islet would 
become a permanent island with the aid of roots. 
Thus, further studies are underway to fill the research 
gaps on rubble islet formation in the Gulf of Mannar 
region. 
 
Conclusion 

Coral rubble islet formation is being reported for the 
first time from the Indian waters, which is distinct from 

the NHO indicated new islet. It took more than two 
decades to form a complete rubble islet near Manoli 
Island. Although documenting this rubble islet is 
important, further studies are needed to identify the 
underlying hydrodynamic conditions and the degrading 
coral reef flats in this region. Coral reefs are important 
for regulating the reef ecosystem structure and health. 
Thus, it is essential to monitor the physicochemical 
parameters and hydrodynamic conditions that are 
detrimental to the corals in this region. The stability of 
major reef-building coral species in the Gulf of Mannar 
region also needs to be studied with respect to the 
topography and sediment characteristics. Studies on 
seasonal sedimentation rate and transportation around 
the islands are important to link the impacts of 
sedimentation, wind waves, currents, and storms on 
dead reefs, coral ridges, and rubble islet. Thus, further 
observations are being monitored to understand the 
effect of longshore drift on this rubble islet's 
progradation, extension, depletion, and permanence. 
The rate of sediment and coral sand deposition around 

 
 

Fig. 5 — History of cyclones during 2009 – 2019 showing no storm events in the study region 
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this rubble islet and the spatial and temporal shift of the 

rubble islet are yet to be investigated. 
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