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Abstract:  

Coral reefs harbour rich biodiversity by increasing heterogeneous habitat and providing numerous 

ecosystem services and goods. However, they are highly threatened due to ongoing climate change 

and various anthropogenic activities. Therefore, the protection of corals is enforced by laws and 

legislative machinery around the globe. The present work is a case study in the highly urbanized 

Mumbai city, where a coastal road project required dredging and reclamation that overlapped with a 

coral habitat. A detailed environmental mitigation plan was undertaken to preserve the fragile corals 

at the proposed project site. A total of 329 colonies of Pseudosiderastrea tayamai Yabe & Sugiyama, 

1935, were relocated from the project site to a recipient site after verifying the habitat suitability. 

Monthly coral health monitoring was conducted for one year after their relocation to the new habitat. 

After one year of translocation, 92.1% (n=303) colonies survived and were in healthy state. Coral 

bleaching is a well-known phenomenon that occurs due to extreme variability  temperature, salinity 

and siltation etc. In the present study, coral bleaching was observed during monsoon (July – 

September) wherein maximum (94.83%) occurred in August 21 and minimum (4.86%) was in 

November 21. Algal overgrowth on  coral colonies (maximum 38.9%), and sediment smothering 

(maximum 44.8%) were observed, but no colony mortality was noted. Whereas,  3.4% mortality  was 

recorded during monsoon season only. The gross new recruitment (n=22) of corals was also recorded 

collectively during the months of April, May and November 21. Therefore, the current study suggests 

that relocating corals from coastal development sites, where habitat loss is unavoidable, could be 

considered a tool that will aid  in conservation of urban reefs. This study proves that only committed 

involvement of stakeholders and project proponents who have developmental perspective with 

environmental accountability can achieve the sustainability of rare and fragile ecosystems. 
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Introduction 

Marine ecosystems provide a variety of ecosystem services that benefit humanity (Barbier, 2017; 

Costanza et al., 1997). The coastal environments encompass various important and dynamic 

ecosystems, like seagrass, salt marsh, mangrove, coral reef, etc have  varied ecosystem services and 

not just limited to CO2 sequestration (Duarte et al., 2017; Zarate-Barrera and Maldonado, 2015). Such 

habitats mitigate adverse climatic condition (Beck et al., 2018; Das and Vincent, 2009), provide 

nutritional supplements (Radulovich et al., 2015), and habitat for a myriad of biota (Costanza et al., 

2014; Wilson et al., 2006), and also help in socio-economic upliftment of the coastal population by 

providing various resources and livelihood (Costanza et al., 1997; Spalding et al., 2017). The blue 

economy, is estimated to be $3-5 trillion (FAO, 2014) wherein the coral reefs contribute to rich 

biodiversity and provide numerous ecosystem goods and services worth $375 billion annually 

(Costanza et al., 1997; Pratchett et al., 2014). Around 3.1 billion of the global population inhabits 

within 100 km of the coast (FAO, 2014), and the global human population is expected to reach around 

nine billion by 2050 (Alexandratos and Bruinsma, 2021). This will have immense pressure on the 

resources on  land and marine ecosystems, including the fragile coastal ecosystems due to necessity of 

development. In the last few decades, marine ecosystems globally have experienced rapid degradation 

of health and functioning due to the combine impact of global climate change and human activities 

(Bergstrom et al., 2021; Strassburg et al., 2020), threatening the viability and resilience of these 

ecosystems (Seddon et al., 2016; Wabnitz et al., 2018). The impact of ecosystem degradation can be 

profound and likely to have regional to global consequences (Malhi et al., 2020). 

In 2019, United Nations (UN) declared Decade on Ecosystem Restoration (2021–2030), aimed to ramp 

up ecosystem restoration to stop the loss of biodiversity and the degradation of ecosystem services 

(Waltham et al., 2020). Large-scale restoration of coastal marine ecosystems can play a critical role in 

supporting biodiversity, ultimately benefiting human health and wellness (Aronson et al., 2016; 

Sandifer and Sutton-Grier, 2014), and also contribute in Goal 14 of the Sustainable Development Goals 

(SDGs): to conserve and sustainably use of the oceans, seas, and marine resources for sustainable 

development (UN, 2015). Considering the ongoing decline of reefs around the world, the restoration 

of corals has been undertaken in several parts of the world (Horoszowski-Fridman et al., 2015; 

Rinkevich, 2021; Vardi et al., 2021). Relocation and rehabilitation of live coral colonies have been 

established as a standard management solution,  where the destruction of  habitats is inevitable due to 

coastal development activities (Rodgers et al., 2017). Coral transplantation projects enhance live coral 

cover and buffer coral destruction while restoring the coral communities and allied ecosystem services 

(Horoszowski-Fridman et al., 2020; Rinkevich, 2014). Considering the need for worldwide 



enhancement of coral habitats, United Nations Environment Programme (UNEP) has formulated 

guidelines for management strategies pertaining to coral restoration and  improved recently by Hein et 

al. (2021).  

India has a coastline of ~7516 km, comprising ~2094 km of Island territory and ~ 5422 km of mainland 

coastline. India is the world’s second-most populous country and one of the fastest-growing 

economies. Approximately 560 million out of the 1.28 billion people inhabit these coastal states 

(CCZMCSB, 2014). The rapid expansion and development of coastal cities in India have led to the 

deterioration of coastal and marine ecosystems (Ramaiah et al., 2005; Sahoo et al., 2017). In 

developing nations like India, industries and infrastructure development is a priority to meet the 

growing need of population pressure. However, unsustainable development brings the burden of 

increasing stress on natural ecosystems that may exceed their recovery potential. Therefore, protecting 

the coastal ecosystem and its sustainable use is an urgent need for social and environmental integrity.  

The present paper describes a case study of coral relocation and management effectiveness towards 

conservation of ecosystem from a highly urbanized seascape of Mumbai, India. The Municipal 

Corporation of Greater Mumbai (MCGM) proposed the construction of a coastal road to cater the city’s 

growing traffic. Due to the space constraints the plan was to construct it through the sea, wherein 

dredging and reclamation work was involved in areas inhabiting corals. The reef-building corals are 

protected under the Schedule I Part IV Aof  Wildlife (Protection) Act(1972) of India, and thus, a 

decision was taken to translocate these from the project footprint. This has been one of the proactive 

steps taken to save corals where a road construction work  overlaps an intertidal coral habitat. To 

determine the success of the coral translocation exercise, we conducted monthly coral health 

monitoring to quantify the survival rate. Since coral bleaching, sedimentation, and algal overgrowth 

are limiting factors for successful coral restoration, we noted these parameters on the transplanted 

corals.. The success of this work shall pave the path for future decision making for coral conservation 

and management of ecosystem in India and other developing nations. 

Material and methods 

The present work is carried out in Mumbai along the west coast of India. Mumbai is one of the largest 

megapolis and is renowned as the financial capital of India. With its ever-spreading, 18 million 

population (Census, 2015) and ever-increasing needs, the highly populated Mumbai metropolitan 

always demand better infrastructure and improved public services. This demand and requirement have 

resulted in escalated developmental activities to improve public life. The MCGM had propose 

constructing a Coastal Road (about 9.98 km long) from Worli end of Bandra Worli Sealink to Princess 



Street flyover as a part of a more extensive Coastal Road from Versova to Princess Street Flyover 

which was recommended by the Joint Technical Committee, Govt. of Maharashtra dated 29th 

December, 2011 (based on the Resolution No. ENV-2011/CR-55/TC3 dated 30th June 2011). To 

develop the ambitious coastal road project, dredging of coastal intertidal areas and reclamation works 

are required. Instead of burying the coastal biodiversity at the proposed developmental project area, it 

was decided to translocate the corals into a new habitat to conserve them. CSIR-National Institute of 

Oceanography, Mumbai, executed this relocation project, was conducted in November 20. A total of 

329 numbers of hard coral colonies were successfully translocated. The permission and support from 

the Central and State Forest Department were acquired, as they enabled swift completion of the 

translocation work (Permit No. SPP-55/2020 dated 29th October, 2020). As coral translocation remains 

at its nascent stage in India, there is no policy framework for such unique activity.  

Description of the donor site:  

The donor site was relatively huge tidal pool, sized north-south direction 235 m length and maximum 

width of 108 m east-west (~0.02 Km2) located inside a semi-enclosed bay environment in the Haji Ali, 

Mumbai (Fig. 1). The bottom is generally sandy and intermittent rocks and boulders. The most 

conspicuous scleractinian species is P. tayamai, which forms small colonies, occurring in patches 

scattered over the bay.  

Selection of recipient site: 

To search for a suitable translocation site similar to the donor site, we have conducted extensive 

surveys at different intertidal areas along the Mumbai coast and assessed the environmental set up of 

the area, i.e., temperature, salinity, pH, suspended solids (SS), BOD, nutrients, etc. and substratum 

suitability. The water depth was also considered another factor, as the tide ranged between 0.2 - 0.4 m 

depth at the tide pools during low tide, which ensure submergence of corals during low tide. Recipient 

site selection was made based on several other parameters, i.e., the site's proximity from the donor site, 

presence of corals, and favourable substrate conducive to corals' attachment. Based on the fulfilment 

of the criteria as mentioned above, we have chosen two tidal pools (TP-1 and TP-2) at the rocky 

intertidal area Navy Nagar, Colaba, which is approximately 11 km away from the donor site.  

Translocation process (Fig. 2) 

Live corals with the entire boulders/rock substrate were removed carefully from the donor site, and 

whenever not possible, an electric saw was used to cut the rock substratum without harming the corals. 

All the live coral colonies (n = 329) in the donor site were tagged by acrylic rectangle sheets with an 

embossed number and fixed using super glue adhesive on the rocky substratum (n = 194) for 



documentation and further monitoring. All the colonies were placed in plastic crates filled with clear 

seawater and artificial aeration. Then the crates were transported to the recipient site at Navy Nagar, 

Colaba, Mumbai by track with proper caring. The corals were ensured to remain entirely submerged 

in water during their brief journey to the selected recipient sites.  

Translocation process:  

At the recipient sites, granite substrate rocks attached with coral colonies cemented on the rigid 

substrate. The cement mixture was made of Portland cement and freshwater mixed in a bucket to form 

a stiff paste. Cement was pressed to the cleaned surface of the substrate by hand and then moulded 

around the base of the boulders holding live coral colonies. The re-attachment or securing of the 

substratum was conducted during the low tide and with the supervisor of trained marine biologists and 

experts. The GPS coordinates of the translocated colonies were acquired for documenting and 

monitoring purposes. 

Monitoring of translocated corals: 

A team consisting of 6-8 people participated in the coral and environmental monitoring programme at 

the recipient sites at the lowest tide level every month for one year, from December 20 to November 

21.To determine the biological success of the translocation exercise, photographs of relocated colonies 

were taken monthly during post translocation event (Fig. 3A-D). During our monthly monitoring, all 

the transplanted colonies were assessed in situ for physical contact with macroalgae (Fig. 3E), coral 

bleaching, visible signs of coral diseases, sediment damage (Fig. 3F), new recruitment (Fig. 3G) and 

coral mortality. The prevalence of affected colonies was analszed by the following formula and 

presented as a percentage. 

Prevalence of affected coral colonies=
Number of affected colonies

Total number of total colonies
× 100 

 To measure the colony growth, all the live coral colonies were photographed with a scale. The 

computation method for an area coverage of each colony was performed by using the software ImageJ 

(Schneider et al., 2012). The area of each coral colony was represented in cm2. The redial extension 

(radius; in mm) was used to calculate the growth rate of corals as a radius in mm per year, computed 

based on the assumption of the area coverage as a perfect circle and finally using formula area of the 

circle (πr2). Dead colonies were excluded in the colony area computation.  

Analysis of seawater physio-chemical parameters: 

The temperature was measured immediately after sample collection using the centigrade mercury 

thermometer with a 0–50 ºC (Precision ±0.05). The pH of the water sample was measured at the site 



using a portable pH meter (Hanna Multiprobe parameter) with an accuracy of 0.1 pH units. The 

instrument was first calibrated with standard pH buffers of pH 7.0 and pH 9.0, and then the 

measurements were made. Concentrations of dissolved inorganic nutrients were determined by the 

colorimetric method (Grasshoff et al., 1999) using a UV-visible spectrophotometer (Model: Shimadzu 

1240). Total suspended solids (TSS) of a known volume of water sample were measured by filtration 

using a filtration pump (Aspirator Vacuum) (Preston and Summers, 1997). Seawater samples were 

filtered through pre-weighed membrane filter papers (diameter 47 mm; nominal pore size, 0.45 μm; 

Make: Millipore) using a vacuum pump (Make: Millipore). The filter papers were then dried (45 °C) 

and weighed again. TSS was calculated from the difference of initial and final weights of the filter 

paper and expressed as mg/L. Turbidity was determined by nephalometric method using a turbidity 

meter (Model: Orion AQ4500; Make: Thermo Scientific). The instrument was calibrated with known 

standards before taking the sample readings. Salinity was measured using an AUTOSAL salinometer. 

The instrument was standardized with IAPSO standard seawater (OSIL, UK). Dissolved Oxygen (DO) 

concentration in seawater was estimated by Winkler’s method. Dissolved petroleum hydrocarbons 

(PHC) were extracted from seawater with n-hexane and quantified using Shimadzu RF-5301PC 

spectrofluorophotometer with excitation at 310 nm and emission at 360 nm (Ehrhardt et al., 1983). 

The reference material used for quantifying hydrocarbons was the Saudi Arabia mixed (SAM) crude 

oil. Phenols in water (500 ml) were converted to an orange coloured antipyrine complex by adding 4-

aminoantipyrine. The complex was extracted in chloroform (25 ml), and the absorbance was measured 

at 460 nm using Phenol as a standard. 

Data analysis: 

The role of environmental parameters in coral health parameters (bleaching, mortality and new 

recruitment) were acquired by spearman's rank correlation method at a 95% confidence limit. Prior to 

the correlation, the normal distribution of the parameters was checked by performing the Shapiro-wilk 

test. Data were also assessed for homogeneity of variances using Levene's test (Hui et al., 2008). Based 

on spearman’s rank correlation, strong correlated the environmental parameters with coral health 

parameters were selected for the Canonical corresponding analysis (CCA) to visualize the significant 

relationships among them. For CCA, the coral health parameters were transformed to log (x+1), and 

then the analysis was performed by using the package “vegan” in R programming software (Oksanen 

et al., 2020; R Core Team, 2021). All the tests were conducted at a nominal alpha level of 0.05. All 

data are presented as means± standard error (SE) if not noted otherwise. 

 



Results 

Environmental parameters 

The recipient site was selected based on various environmental conditions similar to the donor site. 

The environmental parameters did not vary between the donor and recipient sites (Suppl. Data 1). Tidal 

pools at the recipient site were recorded comparatively less SS than Haji Ali. The minor variations 

between the sites were localized.  

All environmental parameters (except BOD, Nitrate and Phosphate) showed similar values temporally 

between two tide pools (TP-1 and TP-2) (Supply. Fig. 1). Whereas, BOD, Nitrate and Phosphate were 

varied considerably in a few months. The temperature was recorded highest (~30.0 °C) in April 21 and 

May 21, while salinity and DO were observed decreasing and increasing in the post-monsoon season 

(October, November), respectively. Salinity showed decreasing values towards post monsoonal 

months since June, the lowest (23.7 PSU) was reported in July 21. BOD, pH, and TSS did not depict 

marked variation with respect to seasonal changes. Turbidity showed a slight rise in values in 

monsoonal and post-monsoonal months. PHC and Phenol showed uplifting the concentrations from 

March 21 to November 21. PHC was reported to be highest in August 21 and September 21 months.  

Coral colony growth and health status  

In total, 329 colonies of coral P. tayamai have been retrieved from the donor site, and all were 

translocated to the recipient site, these corals were distributed in two tidal pools adjacent to each other. 

These colonies were attached on 194 rocks/boulders (substratum here onwards) collectively. Each 

substratum comprised of minimum single coral colony to a maximum of 10 colonies. The area covered 

by the coral was varied from smallest 0.0000475 cm2 to largest 33.099 cm2 during the translocation 

event. The total area covered of 329 corals was 1514.758 cm2. The corals' median and mean area cover 

(in cm2) were 3.233 and 4.604 ± 0.241 SE, respectively. The median and mean radial extension (radius) 

of colony was 1.015 and 1.111 ± 0.027 SE cm comprising all the translocated corals respectively. 

Small colonies (<5 cm2) occupied most area coverage about 68.09% in the November 20 while 

22.49%, 6.69%, 0.91% and 1.82% were represented by the area range of 5-10, 10-15, 15-20 and >20 

cm2 respectively (Fig. 4). The post-translocation event has shown very little increase in coverage. 

Median and mean colony radius increased slowly, averaging 1.029 and 1.123 ± 0.027 SE cm in 

November 21 at 12 months’ post translocation. However, the cumulative area cover by all transplanted 

colonies had increase to 1507.104 cm2, corresponds to 34.643 cm2 (2.353%) of total increase. The P. 

tayamai showed a steady increase in the radius with radial extension rates averaging 0.152 ± 0.005 SE 



mm year-1. Several coral P. tayamai showed larger colonies adjacent to the tide pools measuring up to 

~100 mm of maximum diameter.  

It was observed that corals were well-adjusted and appeared in healthy conditions after six months (up 

to May 21) of observations from the translocating them. In June 21, 29.79% of colonies were bleached 

for the first-time post translocation, and the prevalence of bleaching gradually increased until August-

September 21. The highest observed bleaching occurred in August 21 (94.83%) (Fig. 6). The eight 

colonies were found dead in August 21, followed by two in September 21, corresponding to 2.43% in 

August and 3.04% (August and September 21 collectively) (Fig. 5). Later in October 21, all the corals 

were found to be recovered from bleaching. New recruitment of corals (P. tayamai) on the translocated 

corals rocks have been observed in the month of April-May 21 (Fig. 3G). Further, new biodiversity 

such as nudibranchs, sea hares, sabellidae polychaete worms (Fig. H, I and J) etc. were observed at the 

coral recipient tide pools after 3 months of the coral translocation.    

The CCA1 and CCA2 axis cumulatively explained the variance of 93.38%. The CCA results (Fig. 6) 

depicted the significant turbidity, DO, PHC and Phenol showed significant positive correlations with 

coral bleaching and mortality, whereas, negative relationship between coral bleaching and mortality 

with salinity and nutrient (Nitrite) was observed. The highest bleaching event occurred during August 

and September 21, which corresponded with the low salinity due to heavy rainfall (3000 mm during 

June – September 2021 in Mumbai) during the Indian southwest monsoon. Macroalgae were dominant 

during the pre-monsoon season (March-May), with the highest area cover (38.9%) in March 21 (Fig. 

7). Sedimentation is a common phenomenon along the intertidal zone due to tidal and wave dynamics. 

The sedimentation on the coral colonies was observed most of the months with its highest coverage 

(44.68%) in July 21 (Fig. 7).     

Discussion 

Coral transplantation has been a promising scientific practice to restore the degraded and denuded 

coral reefs worldwide for which the major cause has been the global climate change and local 

anthropogenic pressures (Horoszowski-Fridman and Rinkevich, 2021; Rinkevich, 2021). The studies 

explaining survival and growth rates of transplanted corals were carried out in the past, however, high 

initial mortality has been found in translocated corals (Boch and Morse, 2012; Edwards et al., 2010; 

Epstein et al., 2001). This high mortality rate makes it important for future studies to use methods to 

reduce translocation stress. In response, inter-species differences in coral mortality have also been 

observed (Smith and Hughes, 1999; Yap, 2004). Furthermore, as the effects of habitat heterogeneity 

on the success of coral restoration remain poorly understood. Hence, more rigorous investigations on 



habitat suitability between the donor site and recipient site are required for successful coral 

translocation programme. 

Our results showed zero initial mortality, indicate site suitability for coral transplantation. Occurrence 

of coral bleaching (P. tayamai) were noted during the monsoon season which initiated in June 21 and 

persisted till September 21. The Spearman’s rank correlation showed a strong significant correlation 

between prevalence of coral bleaching and salinity (ρ = -0.74; p = 0.0089), and turbidity (ρ = 0.87; p 

= 0.0003) (Suppl. Table 1). High turbid nearshore coastal water considered unsuitable for healthy coral 

growth (Kleypas et al. 1999), as turbidity plays a crucial role in the recruitment success and  survival 

of corals (Zweifler et al., 2021). Moreover, coastal region in Mumbai receive high rainfall during 

southwest monsoon (June to September) (Prakash et al., 2015), causing freshwater influx and sediment 

load in the coastal area (Ota et al., 2019). Siltation and land erosion cause increased turbidity in water 

column. Salinity decline reduces coral physiological activity, known to regulate amino acid 

metabolism and transport (Aguilar et al., 2019). Notably the onset of monsoon triggered the bleaching 

due to the cumulative effect of high turbidity and acute low salinity stress condition due to pulse 

freshwater influx. Temperature is known as one of the key driver for coral bleaching (Hendy et al., 

2003; Kamenos and Hennige, 2018), did not show any significant correlation with bleaching of coral 

during the present study. Contrary to the general notion (globally observed) of temperature induced 

bleaching, the corals from the present habitat did not show such trend, implying that these colonies are 

regularly exposed to high temperatures and desiccation and therefore are resistant to such stresses, 

which is well corroborated with the observation of De et al. 2021 in the Malvan Marine Sanctuary, on 

the Maharashtra coast. Furthermore, coral population along the central west coast of India 

characterised by low diversity and resilient to monsoonal salinity dip, high turbidity, and temperature 

stress (Qasim and Wafar 1979; De et al. 2017; De et al. 2020). High turbidity in this nearshore coral 

habitat could prevent the detrimental effect of thermal stress and light intensity by preventing light 

penetration through the water column (Storlazzi et al. 2015). Similarly, P. tayamai may have adapted 

to these conditions in intertidal regions.  

During October 21, the bleaching percentage of the corals were decreased (Fig 7), suggesting the 

recovery of the bleached colonies as the post monsoonal condition favoured the retrieval of symbiotic 

zooxanthellae. This phenomenon is well noted from other regions where colonies have shown recovery 

after the bleaching events (D’Croz and Maté, 2000; Szmant and Gassman, 1990). High mortality was 

observed from August to September 21, which may corresponds to the oil spill event on the shores of 

Mumbai (TET, 2021; TIO, 2021), leading to a high concentration of PHC, a trend noted in the same 

months. Exposure to petroleum products and hydrocarbon may  cause acute toxicity to corals, 



bleaching, tissue damage, growth inhibition and disrupt reproduction (Ko et al, 2014; Turner and 

Renegar 2017). The domestic and industrial discharge a channelized through rivers and creek runoff 

contributes pollutant loading in this coral habitat (De et al. 2022), including phenol in the nearby 

marine ecosystems. 

The newly recruited settlements of corals initially was observed in April and May and then later in 

November 21. Although our study did not observed any coral spawning event; however, the new 

recruitment of juvenile corals suggest that either the translocated corals were capable of reproduction 

at the new location or recipient site is suitable of coral larval settlement. Moreover, heightened larval 

production of transplanted corals was observed in the northern Red Sea (Horoszowski-Fridman et al., 

2020). 

Management approach and conservation of Mumbai’s coral community 

Intertidal coral ecosystems having considerable ecological and socio-economic value are the most 

vulnerable to regional and global stresses that can, directly and indirectly, impact the coral community 

by influencing the distribution and functioning of corals (Ng et al., 2021). In recent years, Indian coral 

reefs near the coastal region have witnessed unprecedented coral degradation due to climate change 

driven coral bleaching, disease occurrence, and increasing human impacts (Arora et al., 2021; De et 

al., 2017; Nanajkar et al., 2019). Recent studies have revealed that the rocky intertidal area of the 

Mumbai coast harbours seven genera of stony corals (De et al., 2022), soft-corals, and associated 

biodiversity (Gaikwad et al., 2021). Intertidal coral communities in a marginalized environment of the 

Mumbai coast are subjected to suboptimal environmental conditions for coral growth, including but 

not limited to high diel temperature fluctuation and drastic drop in seawater salinity during monsoonal 

runoff and sedimentation, which is a known phenomenon on India’s west coast (De et al., 2021; Qasim 

and Wafar, 1979). In addition, the coastal water of Mumbai is deteriorated by sewage contamination, 

and industrial effluents (Ramaiah et al., 2005), high quantities of marine debris and plastics (De et al., 

2022; Selvam et al., 2021). In this context, conservation of marine biodiversity becomes highly 

imperative as the city is rapidly expanding with its large urban footprint. The execution of marine 

biodiversity management plan and conservation of corals by relocating them to suitable recipient 

habitats can only be implemented by engagement  experts and co-operative statutory authorities, like 

the State Forest Department and Central Ministry. Moreover, the methodology and the action plan 

want through a rigorous scrutiny and authenticated by an expert panel. Such ventures also require 

exploration of laws, policies and mandate to address coral conservation, and more so a restoration 

frameworks. Controlling and regulating commercial fisheries, pollution, and amateur collection of 

corals and other reef organisms is necessary. It is clear and unequivocal that climate change and other 



local stressors like overfishing, pollution, coastal development, etc., must be effectively tackled 

otherwise, all efforts to save coral reefs are destined to fail (Bellwood et al., 2004; Madin and Madin, 

2015). Hence, public support and political willingness are needed to implement a more effective policy 

framework for sustaining the marine keystone species like corals in Mumbai and other developing 

coastal cities (Fig. 7). 

Challenges and future directions 

These corals are important refuge as far as the stressed environments of Mumbai are concerned, as 

they may serve as an important gene pool that survives the extremes. The first major challenge of this 

program was to find enough time window (with daylight) to detach the coral colonies intact and place 

them at a new habitat. Thus, the lowest low tide of the year was ideally selected. Interestingly, the low 

tide exposed more colonies, which could not be inventoried during the single-season based rapid 

marine biodiversity assessment study. The second hurdle was to find a precisely similar recipient site 

for their new habitat. This involves many constraints that are so complex that the give possibilities of 

success remain theoretical as the conditions in Mumbai coastal waters are extreme in terms of 

hydrodynamics, physicochemical parameters and sewage in high quantities; therefore, the survival of 

these coral species is unique. The logistic issues of keeping them alive in a water bath during 

transportation were less of a worry as these corals are well adapted to hours of desiccation when the 

tide recedes. The planktonic coral larvae from the Gulf of Kachchh, Angriya bank and Malvan Marine 

Sanctuary have the possibility to drift and settle on the rocky coastline of the Mumbai coast, depending 

upon the availability of favourable conditions (De et al., 2020). Therefore, we cannot rule out the 

possibility of finding more coral patches in the subtidal areas and submerged rocky patches along the 

Mumbai and nearby coast, which demands further investigation. Albeit adversities, corals grow in the 

marginalized environment of Mumbai that is in continuous exposure to suboptimal conditions, 

indicating their higher resilience. However, there was no baseline study on historical coral community 

assemblage and coral cover from this region. Therefore, our study may serve as a baseline study from 

this region and highlight the need for further long-term study. 
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Fig. 1. Geographical map showing the study area (tidal pools; TP-1 and TP-2) indicating donor site 

and recipient site. 

 

Fig. 2. Schematic diagram showing the coral translocation and transplantation process. 



 

Fig. 3. In situ images showing the conditions of corals during various months, associated biota. Coral 

observation during (A) November 20; (B) May 21; (C) September (bleaching, yellow circles); (D) 

November 21; (E) Macroalgae cover on the coral substrate; (F) Sedimentation on corals; (G) 

Recruitment of new corals; Biodiversity along with the recipient tide pool (H) Nudibranch Elysia 

expansa; (I) Sea hare Aplysia sp.; (J) Sabellidae polychaete worm.  

 

 



 

Fig. 4. Coral size class in November 2020 at the time of translocation and in November 21 after one 

year of post translocation. Values above the bars represent the percentage of total live encountered 

coral colonies. 

 

 

Fig. 5. Monthly monitoring of health status of coral colonies (healthy coral, bleaching prevalence, and 

mortality). 



 

Fig. 6. Canonical corresponding analysis (CCA), triplot ordination with recorded coral health i.e., 

coral bleaching, mortality and new recruitment (NewR), and environmental variables. 

 

Fig. 7.  Monthly observation of coral colonies affected by macroalgal cover and sedimentation at the 

recipient site.  



 

Fig. 8. Schematic diagram of the management approach for coral conservation 

 

 

 

 

 

 

 

 


