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Abstract
The coastal wetlands of Andaman and Nicobar Islands (ANI) constitute 98.6% of the total wetland area (143,238 ha) of 
the islands, out of which coral reefs and mangroves contribute most of the coastal wetlands (> 70%). Coastal wetlands of 
ANI deliver essential ecosystem services like shoreline stabilization, coastal protection, shelter for fishes, food, recreation, 
tourism, etc. The long-term sustainability of the coastal wetlands is also at stake due to the burgeoning human pressure, 
developmental activities, and natural hazards. Such impacts also cause the loss of wetland areas, the shift in biodiversity and 
interruption of their ecosystem services. The loss in wetland areas of ANI over the years also raises serious concerns about 
their management. Sustainable management of coastal wetlands requires continuous monitoring for effective management; 
however, the vast geographical area and remotely scattered Islands practically hinder the monitoring process, necessitating 
innovative approaches. This review presents the potential benefits of citizen science along with the challenges of managing 
coastal wetlands. The article also highlights the need for wide-range adoption of citizen science to sustain coastal wetlands.
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Introduction to the coastal wetlands

Wetlands are the most productive natural ecosystems 
that provide significant value in terms of biodiversity, 
ecosystem services, and economic goods (Biswas et al. 
2010; Roy et al. 2017a, b). Wetlands also play a major role 
in regional sustainable development due to their ability to 
enhance resilience against extreme weather events (Chuang 
et al. 2018). Coastal wetlands include mangrove forests, 
coral reefs, salt marshes, beaches, estuaries, seagrass 
beds, and coastal water bodies lying within a depth of 
6 m (Li et al. 2018; Ramsar Convention Secretariat 2016). 
Coastal wetlands offer important ecosystem services such 
as shoreline stabilization, erosion control, degradation of 
pollutants, groundwater recharge, and supply of freshwater 
(Bassi et al. 2014; Hushulong 2012; Patel et al. 2015; Renzi 
et al. 2019). Wetlands also play a major role in regional 
sustainable development due to their ability to enhance 
resilience against extreme weather events (Chuang et al. 

2018). Coastal wetlands are also gaining worldwide attention 
as one of the most effective carbon sinks (Moraes 2018; 
Nag et al. 2019). Blue carbon systems such as mangroves, 
seagrass meadows, and salt marshes/tidal marshes are 
known to encompass a wide diversity of aquatic habitats 
that could absorb and sequester large volumes of carbon 
dioxide (ABC-News 2018; Bassi et al. 2014). However, 
due to rapid urbanization and land conversion projects for 
commercial purposes, the coastal wetlands are under threat 
(Barbier 2013; Blankespoor et al. 2014; Renzi et al. 2019). 
Loss of wetlands leads to a reduction in primary production 
by plants, that would have sequestered carbon in the future 
(Meng et  al. 2019). India has a wealth of ecosystems, 
supporting diverse and unique habitats that provide several 
ecological goods and services; however, they are under 
tremendous pressure due to natural and anthropogenic 
activities (Bassi et al. 2014; Michener et al. 1997). Panigrahy 
et al. (2012) classified the coastal wetlands of India into 
natural wetlands (lagoons, creeks, sand/beach, intertidal 
mudflats, salt marsh, mangroves, seagrass beds, and coral 
reefs) and manmade wetlands (salt pans and aquaculture 
ponds). The complex and diverse assemblage of coastal 
wetlands (Michener et al. 1997) demands more innovative 
approaches to their conservation.
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The literature review was done through literature 
searches using websites like Web of Science (http://​webof​
scien​ce.​com/), ScienceDirect https://​www.​scien​cedir​ect.​
com/), GoogleScholar (https://​schol​ar.​google.​com/), and 
ResearchGate (https://​www.​resea​rchga​te.​net/) through 
standard keywords related to Citizen Science, Wetland 
Ecosystems and used a location reference in the keywords 
option to specifically skim articles from Andaman and 
Nicobar Islands (ANI). The articles that were not covered 
through the mentioned websites were traced through the 
Google Search engine to find additional related information.

Coastal wetlands of Andaman and Nicobar 
Islands (ANI)

The ANI, situated in the Bay of Bengal comprises 572 
islands and is one of the biodiversity hotspots in India 
(Patankar 2019). The islands can be broadly classified into 
two groups: Andaman group in the Northern part and the 
Nicobar group in the Southern part. The two groups are 
separated by a ten-degree channel (Fig. 1). ANI being a 
tropical archipelago, marine fisheries along with the tourism 
sector focused on recreational activities, play an important 
role in providing livelihood to the inhabitants (Advani et al. 
2013; Kiruba-Sankar et al. 2019, 2021a). Coral reefs and 
mangroves harbouring abundant fish diversity were found 
to be the most dominant coastal wetlands in ANI (Rajan 
et al. 2013). The tourism activities of ANI rely mainly on 
coral reefs and mangroves, which are among the best in 
India and harbour abundant coastal resources. Considering 
the prevalent dependency of the Island economy on these 
ecosystems, they must be conserved and protected to sustain 
the ecosystem services offered by them (Table 1). 

Concerns arising in the coastal wetlands 
of ANI

The coastal wetlands of the Andaman and Nicobar 
archipelago are highly vulnerable to several extreme 
events. In ANI, a wetland area of 143,238 ha was identified 
during 2017–18, whereas during 2006–07 the wetland 
area was found to be 153,611 ha, which shows a reduction 
in wetland area by 10,373 ha (Gupta et al. 2021). Coral 
reefs and mangrove-based wetlands constituting almost 
95% of the coastal wetlands form an important source 
of livelihood for the stakeholders in the ANI. However, 
these coastal wetlands are highly vulnerable to stress by 
various natural factors (Krishnan et al. 2011, 2012; Roy 
and Krishnan 2005; Sachithanandam et al. 2014; Yuvaraj 
et al. 2015). The dependency of the inhabitants on these 
ecosystems for fisheries, tourism, and recreation exposes 

them to anthropogenic disturbances. Table 2 summarizes 
some of the important issues faced by the coastal wetlands 
that need attention in terms of research and management. 
Issues such as plastic littering, invasive species and illegal 
exploitation of marine resources, also demand continuous 
monitoring and reporting so that appropriate actions can be 
taken. Sustainable management of these coastal wetlands 
is a key strategy to derive the long-term benefits offered 
by these wetlands. For sustainable management of coastal 
wetlands, innovative approaches are the need of the hour, 
and this review highlights how citizen science can be used 
to address this issue.

The concept and practice of citizen science

Citizen science, in general, engages citizens from non-
scientific backgrounds in academic research projects 
(Tulloch et  al. 2013). Citizen science is a powerful 
concept that enables community involvement in scientific 
observations (Dean et al. 2018; Garcia-Soto et al. 2021; 
Kasten et al. 2021) and sharing them with the scientist-
in-charge of the study (Garcia-Soto et al. 2017). Citizen 
science programs undertaken in partnership between 
volunteers and scientists (Crall et al. 2011) have made a 
substantial contribution to science, education, and society 
(Haywood et al. 2016; Kobori et al. 2016). Citizen science 
approaches are also widely regarded for their effective 
contribution to policy, education, and science (Jones et al. 
2018). Public members contribute to scientific research 
in various fields across the world (Martin et al. 2016) and 
are known to generate highly useful datasets and insights, 
which are otherwise unattainable by a small team of 
scientists (Thornhill et al. 2019). Citizen science aims to 
collect scientific data from the volunteers, however, it also 
directly or indirectly influences the volunteers to learn about 
the existing environmental issues, to understand the need 
to address such issues, to think critically about ecological 
and environmental sustainability, and to gain motivation 
for participation in scientific projects. Citizen science 
educates the volunteers through research organizations 
or implementing agencies on the key issues and projects, 
the success of which depends on their involvement 
and support. Citizen science activities also generate an 
increased understanding of scientific and ecological 
concepts (Vattakaven et  al. 2022). Biodiversity-based 
citizen science projects are expanding rapidly, generating 
valuable datasets every year, and thereby building a case for 
public engagement in conservation projects (Burgess et al. 
2017). Marine and coastal citizen science have evolved as 
a potential tool for marine biodiversity conservation and 
management (Cigliano et al. 2015; Sandahl and Tottrup 

http://webofscience.com/
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https://www.sciencedirect.com/
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https://scholar.google.com/
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2020; Turicchia et al. 2021) as volunteers participate in basic 
or applied aspects (McKinley et al. 2017), wholly or in parts 
(Chandler et al. 2017a, b).

Veeckman et al. (2017) outline different types of citizen 
science projects such as Crowdsourcing (where volunteers 

contribute their time and devices only), distributed 
intelligence (in which the volunteers provide interpretation 
or assist in the categorization of data or material), 
participatory science (here volunteers gather data under the 
control of researchers/organizers), extreme citizen science 

Fig. 1   Location of Andaman and Nicobar archipelago, India
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(wherein researchers and volunteers work together but 
volunteers takes up the major responsibilities), contributory 
project (projects run by researchers where volunteers are 
invited for data collection), collaborative project (volunteers 
can take part in different phases of a project such as analysis, 
interpretation, etc.), and co-created project (public develops 
the project in consultation with the researchers). Burgeoning 
environmental problems pose serious challenges in the 
conservation and management of bio-resources, wherein 
citizen science could probably assist in tackling these 
challenges (McKinley et al. 2017).

Citizen science initiatives in the Andaman 
and Nicobar archipelago

Few citizen science initiatives have already been taken 
up in the field of underwater observations related to coral 
reefs in the Andaman Islands. However, considering their 
potential and proven merits in the field of marine sciences, 
such initiatives should be popularised and adopted in 
more such projects. Some of the citizen science initiatives 
and the relevant activities wherein public knowledge 
has vastly supported the scientific programs are listed in 
Table 3. Often, such information from stakeholders comes 

through accidental observation and not through some 
systematic study. Scuba divers have played an important 
role in collecting information about reef-related activities. 
Fishermen and the public have also provided some useful 
information on the stranding of marine mammals, sighting 
data, etc. Citizen science programs, if operationalized 
effectively could support such information systematically 
and continuously, which could benefit the conservation and 
management of coastal wetlands. The only drawback with 
these studies is that the data could be collected only from a 
small geographical range or selected sites. Hence, there is an 
imminent need to popularize the concept of citizen science 
in the coastal wetlands in different parts of the ANI to gather 
a large amount of data. This data will facilitate in developing 
an extended understanding of the status of coastal wetlands 
and the issues being faced by them to devise appropriate 
management and conservation strategies.

Table 1   Some of the important coastal wetlands of the Andaman and Nicobar archipelago

Coastal wetlands Andaman and Nicobar References

Area (ha) Diversity (No. of 
species)

Coral reef 54,770 577 Bahaguna et al. (2013), Mondal et al. (2016), Roy et al. (2017a), Gupta et al. (2021)
Mangroves 55,619 38 Chand et al. (2013), Ragavan et al. (2016), Roy et al. (2017a), Kathiresan (2018), 

Gupta et al. (2021)
Seagrass 1460 11 Immanuel et al. (2016), Geevarghese et al. (2017)
Lagoons 53 – Gupta et al. (2021)
Sand/ Beaches 5275 –
Salt marsh 6367 –

Table 2   Some of the key issues confronting the coastal wetlands of Andaman and Nicobar Islands

S. no Key /Major issues in coastal wetlands of Andaman 
and Nicobar that needs attention

References

1. Mangrove Degradation Chakraborty (2019), Veettil et al. (2020)
2. Seagrass leaf reddening Ragavan et al. (2013)
3. Coral Mass bleaching Krishnan et al. (2011), Lix et al. (2016), Malakar et al. (2021)
4. Coral reef disease Sreeraj et al. (2017)
5. Invasive aquatic species through hull fouling Raghunathan et al. (2021)
6. Marine Plastic litter Kaladharan et al. (2017), Saravanan et al. (2021). Kiruba-Sankar et al. (2023a)
7. Natural disasters impact on marine ecosystems Sachithanantham et al. (2014), Yuvaraj et al. (2015), Krishnan et al. (2012)
8. Loss of wetland area over the decade Gupta et al. (2021)
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Review of relevant areas for citizen science 
in ANI

Coral reef monitoring

The importance of coastal wetlands such as coral reefs 
for ANI was highlighted in the previous sections. Due to 
climate change coral reefs are constantly exposed to threats 
like an increase in sea surface temperatures (SST) (Krishnan 
et al. 2011; Majumdar et al. 2018; Parkinson et al. 2016) 
and other extreme events (Krishnan et al. 2012; Roy et al. 
2014) like associated bleaching events, that are some of 
the imminent threats faced by coral reef ecosystems in the 
Islands (Krishnan et al. 2011; Marimuthu et al. 2012). About 
73% of the marine fishes (1089 species) reported from the 
ANI are known to inhabit the reef ecosystem (Rajan et al. 
2013). The economy of ANI is predominantly tourism-based 
with a special focus on coastal tourism activities such as 
scuba diving, snorkeling, sea walks, and beach recreational 
activities. The impact on coral reefs could also practically 
affect the tourism sector of the Islands. Conservation 
and sustainable management of reef ecosystems can be 
achieved through the implementation of citizen science 
projects. Citizen science projects can provide practical 
solutions to the issues faced. Studies on coral reef health 
reported by Krishnan et al. (2011) practically used the data 
provided by scuba divers in reporting coral reef health. 
As reef health monitoring is an underwater activity, scuba 
divers and snorkelers could be suitable citizen scientists 
to monitor the health of coral reefs and data collection on 
reef health, as they engage in diving activities on a day-
to-day basis at different recreational locations. Some of 
the programs across the world where reef monitoring 
activities were taken up through citizen science are listed 
in Table 4. Citizen scientists should also be identified for 
other vulnerable areas such as marine national parks, closed 
areas, and other areas where coral reef diversity is higher but 
not frequently assessed so that the data collection process 
covers a wide spatial area because scuba divers don’t have 
access to a lot of locations since they only have recreational 
dives with tourists at specific places of interest and do 
not cover a wide range of sites. A marine citizen science 
initiative named Reef Log was launched as a pilot study in 
the Andaman Islands by a team of researchers from Dakshin 
Foundation, India engaged scuba divers as volunteers for 
gathering scientific information (Jagannathan 2021). Such 
initiatives should be expanded further across the archipelago 
to study and understand the health of coral reefs under the 
impending climatic conditions. Considering the incidences 
of reef bleaching in the recent past, citizen science surveys 
using colour charts as mentioned in Table 4 could generate 

useful information to monitor the beaching and health of 
coral reefs.

Monitoring the mangroves

Blue carbon sinks, such as mangroves, and seagrass 
meadows, are known to be important in sequestering carbon 
dioxide and mitigating climate change impacts (Mcleod 
et al. 2011; Ragavan et al. 2019). A key challenge for blue 
carbon management is integrating the social and cultural 
dimensions within governance mechanisms. Mangroves 
have been closely associated with the coastal population 
who depend on them for various ecosystem services 
(Friess et al. 2021; Rasquinha and Mishra 2021) such as 
fuel, fodder, medicine, recreation, tourism, education, 
fishery habitats, fish breeding grounds, coastal protection, 
shoreline management, accretion, etc. (Chand et al. 2013). 
Mangrove ecosystems, characterized by unique species of 
trees and shrubs, support wetland communities (Macintosh 
and Ashton 2002) and also protect the coasts against natural 
disasters and extreme events (Roy and Krishnan 2005; 
Kiruba-Sankar et al. 2018a). Mangrove ecosystems were 
found to be rapidly declining worldwide due to various 
natural and anthropogenic threats (Friess et  al. 2021; 
Silkamaki et  al. 2012). India has the highest record of 
mangrove biodiversity in the world, with several associated 
floral (algae, bacteria, actinomycetes, lichens, associated 
plants) and faunal (prawns, crabs, insects, molluscs, fishes, 
amphibians, reptiles, birds, mammals) groups (Kathiresan 
2018). ANI are home to 38 true mangrove species and 
several mangrove associates (Ragavan et al. 2016). The 
Indian Ocean earthquake and tsunami of 2004 have severely 
affected the mangrove stands of the Andaman Islands (Roy 
and Krishnan 2005; Ramakrishnan et al. 2020). Mangroves 
are generally undervalued in Southeast Asia in decision-
making on use, conservation, and restoration (Romanach 
et al. 2018). Innovation approaches are the need of the hour 
to conserve and protect the mangrove ecosystem. Citizen 
scientists can be engaged in mangrove monitoring programs 
such as bird watching in mangroves, sighting predators, 
reporting mangrove flowering and fruiting (studying their 
reproductive cycle), and surveillance of anthropogenic 
activities such as littering, vandalism, and poaching in 
mangrove areas. Mackenzie et al. (2013), in their mangrove 
watch program, report the effectiveness of engaging the 
local staff and community members in providing data on 
the extent, structure, and condition of shoreline habitats. The 
major steps followed in their mangrove watch programs were 
community training and information sessions for volunteers, 
participants recording geotagged videos of shorelines, video 
data being transferred to the scientific experts, and experts 
assessing the data provided and sharing the feedback with 
coastal stakeholders (Mackenzie et al. 2013). Some of the 
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other citizen science programs related to mangroves are 
listed, and their applicability in ANI is summarized in 
Table 5. However, as highlighted in various case studies, 
training and capacity building for the identified volunteers 
form a crucial component in citizen science to gather reliable 
data.

Monitoring seagrass meadows

Seagrass meadows are complex socio-ecological systems 
(Jones et  al. 2018) in shallow marine tropical regions 
(Sachithanandam et al. 2014), which also offer multiple 
ecosystem services (Mazarassa et al. 2018), and are one 
of the most productive habitats in the world (Lyimo et al. 
2018; Ramesh et al. 2018). Some of the important ecosystem 
services of seagrasses include coastal protection, shore 
nourishment (Paul 2018), long-term carbon storage (Lyimo 
et al. 2018), supporting rich fish diversity that engages 
small-scale fishers (Ramesh et  al. 2018; Wallner-Hahn 
and Torre-Castro 2018). Seagrasses are also well known 
for providing habitat for vulnerable marine mammals such 
as sea cows and sea turtles (Ramesh et al. 2018; Cullen-
Unsworth et al. 2018). Despite the conservation efforts of 
seagrass meadows in selected areas, most of them remain 
under significant pressure leading to decline and loss 
of function (Unsworth et  al. 2019). Around 15 species 
of seagrasses are reported from India, of which 11 are 
represented in the ANI (Savurirajan et al. 2015; Immanuel 
et al. 2016). Out of the 1434 fish species reported from ANI, 
152 fish species are reported from seagrass meadows in the 
islands (Rajan et al. 2013). Like mangroves, seagrasses 
are also gaining wider attention due to their blue carbon 
potential. However, unlike mangroves, the seagrasses are 
more vulnerable to extreme events such as the Lehar cyclone 
in 2013 (Sachithanandam et al. 2014), tidal fluctuations and 
need to be properly conserved to sustain the ecosystem 
services provided by them. Seagrasses inhabiting shallow 
intertidal to subtidal areas are easily accessible either by 
foot or snorkeling (Unsworth et al. 2019), which makes 
their monitoring comparatively easier. However, between 
intertidal and subtidal seagrass meadows, the intertidal 
meadows are also exposed to more extreme and variable 
environmental conditions (Mazarassa et al. 2018). Hence 
there is a greater potential for the application of citizen 
science initiatives towards conservation and monitoring 
of intertidal seagrasses, which are vulnerable to extreme 
conditions. Jones et al. (2018) outline the potential seagrass 
citizen science program with a biological, ecological, and 
socio-economical focus, which includes the identification 
of flower occurrence, diseases, the site-specific abundance 
of seagrasses and fishes, marine mammals in seagrass 
meadows, and historical changes in their extent, threats, and 
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fishery. Some of the most familiar seagrass citizen science 
programs are listed in Table 6.

Addressing the issue of marine debris

Studies on beach littering in Indian coasts revealed that 
the beaches of Andaman Islands fell under the category 
of extremely littered beaches with > 100 g/m2 along with 
other popular coastal tourism states such as Karnataka, Goa, 
and Gujarat (Kaladharan et al. 2017). The issue of marine 
debris is even noted from the far-flung Nicobar group of 
Islands, which comprise mostly floating debris washed 
from passing ships or from adjacent countries aided by sea 
surface currents and anthropogenic activities (Dharani et al. 
2003; Kiruba-Sankar et al. 2023a). Along with recreational 
beaches, fish landing centers and associated coastal waters 
were also becoming a spot for the accumulation of debris and 
pollution (Seetharaman et al. 2015; Saravanan et al. 2021). 
Hidalgo-Ruz and Theil (2015) report that citizen science 
can be a useful approach to assessing marine litter sources, 
distribution, and ecological impacts. Scuba divers acted 
as citizen scientists, and the details of the debris collected 
were also recorded through mobile apps developed for 
debris management, viz., Dive Against Debris (Mongabay 
2017) and Clean Swell mobile application program for 
debris. Dive against debris is an organized scuba specialty 
course accessed through Professional Association of Diving 
Instructors (PADI) dive courses wherein scuba divers were 
trained to engage in ocean cleanup activities to remove trash 
from their local dive sites (PADI 2022). The Clean Swell 
mobile application allows the volunteers with a download 
and sign in process to record the trash collected, the distance 
covered, and the total weight of trash collected, and the data 
collected can be submitted into the database for providing 
solutions (Ocean Conservancy 2022). Mobile applications 
can be the best medium for the collection of data on marine 
debris, as volunteers can upload photographs of debris-prone 
areas so that appropriate action can be initiated to clear the 
debris. Velde et al. (2017), in their citizen science programs, 
engaged school students and teachers as volunteers to collect 
data on marine debris. Their study revealed processes 
such as identification of the study area, understanding and 
identifying the debris, and identifying the category of debris, 
followed by data collection and data inputs into an online 
database (Velde et al. 2017).

Marine mammal sightings

Coastal wetlands are also habitats for marine mammals, 
birds, and saltwater crocodiles. Shallow coastal wetlands 
could also be accidental stranding sites of whales and 
dugongs, which makes these habitats critical from the point 
of conservation. The incidences of whale stranding in the 

ANI is a classic example wherein prompt public information 
could be beneficial (Raghunathan et al. 2013; Mohan and 
Sojitra 2018). Despite the conventional management 
procedures and actions, citizen science approaches could 
assist in covering a wider spatial range and provide more 
comprehensive information on any incidence of stranding 
of these vulnerable faunal groups. Volunteers engaged in 
other citizen science projects, local communities residing 
near coastal wetlands, students, and the public may be 
sensitized to report such incidents through a helpline number 
or a mobile application so that appropriate action can be 
initiated promptly. Historical geo-referenced sighting data 
can be collated with the assistance of citizen scientists, and 
a comprehensive map of sightings can be developed for 
conservation and management purposes. The potential role 
of local ecological knowledge in the sighting of Giant guitar 
fishes has provided useful insights into the ANI (Nazareth 
et al. 2022). In Kenya, Kenya Marine Mammal Network 
(KMMN) is a well-established citizen science program that 
contributes to understanding the prevalence and distribution 
of small cetaceans through surveys, opportunistic sightings, 
and participatory citizen science (Mwangombe et al. 2021). 
Understanding the local ecological knowledge along with 
participatory citizen science could provide useful insights 
into the marine mammal sighting projects in the Andaman 
Islands.

Tracking the invasive species

Biological invasions are one of the most challenging 
ecological and environmental issues faced globally 
(Encarnacao et al. 2021). The issue of effectively addressing 
invasive species is seen as a significant problem by wetland 
restoration professionals (Stelk and Christie 2016). 
Intentional introductions of non-native species into any 
new ecosystem are intended to enhance local fisheries and 
aquaculture systems or biological control of weeds, pests, 
and vectors of diseases (Daryadel and Talaei 2014). Such 
introductions risk their accidental entry into coastal wetland 
habitats, which could be detrimental as they would affect the 
natural ecosystem by altering or modifying the ecological 
setup and causing ecological imbalances (Chakraborty 
2019). Responses against invasive species necessitate 
novel strategies that account for ecological and societal 
complexities (Scyphers et al. 2015). The possible effect of 
invasive species on the native aquatic fauna is particularly 
of concern as tropical islands harbor various endemic 
species, which are of great significance to the ecosystems. 
Citizen science is widely regarded as a tool in alien species 
management and the conservation of biodiversity (Clements 
et al. 2021; Kousteni et al. 2022). Scyphers et al. (2015) 
report that non-traditional data sources are effective at 
detecting and tracking rapid marine invasion, as documented 



41Environmental Sustainability (2024) 7:31–51	

in the case of Lionfish. Delaney et al. (2007) used citizen 
scientists’ data to establish a large-scale database on the 
abundance and distribution of native and invasive crabs. In 
ANI, marine species invasions are rarely reported, while 
the increasing demand for freshwater fish in the Islands 
has paved the way for non-native fish introductions in the 
Islands (Kiruba-Sankar et al. 2018b, 2021b, 2022; Rajan and 
Sreeraj 2014; Surendran and Vasudevan 2013). The issue of 
marine invasive species in the ANI has been discussed in the 
studies of Raghunathan et al. (2021). The reef log initiatives 
can be the best method to monitor the invasive species as 
SCUBA divers can record such unusual observations during 
their dives, and the information can be collected at scientific 
levels for further appropriate action. Kousteni et al. (2022) 
used citizen scientists such as school children, students, 
divers, naturalists, and various volunteers to study alien 
species detection in European marine waters. Studies in 
the United States revealed the citizen science program on 
assessing the presence of native and invasive crabs in the 
Intertidal areas wherein students played a major role as 
volunteers (Delaney et al. 2008).

Turtle conservation programs

Andaman and Nicobar are some of the very important turtle 
nesting grounds of the Giant Leatherback turtle, Hawksbill 
turtle, Olive Ridley turtle, and Green turtles (Namboothri 
et al. 2010; Swaminathan 2018; Mongabay 2021). The sea 
turtles distributed across the archipelago are well known 
for their seasonal nesting habitats, particularly the Giant 
Leatherback (Dermochelys coriacea). Studies on the 
migratory pattern of Giant leatherback turtles were also 
reported by Swaminathan et al. (2019) in the ANI. Places 
such as Little Andaman, North and Middle Andaman, Little 
Nicobar, and Great Nicobar are some of the important 
turtle nesting sites in the archipelago (Times of India 2016; 
Swaminathan 2018; Firstpost 2019; Mongabay 2021). Sea 
turtles remain highly vulnerable to natural and anthropogenic 
stressors. Some of the important issues outlined in sea turtle 
conservation were associated with fishing activities, coastal 
development process, direct take of turtles by humans, 
pathogens, pollution, and global warming. In the case of 
ANI, the need for long-term monitoring of the nesting 
sites, accessibility of the sites, protection from predators, 
and intensive surveys in important nesting sites are 
recommended in the studies of Swaminathan et al. (2017). 
Conservation projects essentially need the cooperation of 
the stakeholders or volunteers who can help in real-time 
monitoring or who can provide valuable data sets. Citizen 
science activities can greatly assist in the monitoring and 
data collection programs. Identification of the turtle tracks 
could be a good initiative for entry-level volunteers. Such 
track mark identification and associated nest counts were 

also reported in the study by Ceriani et al. (2019). Studies 
by Swaminathan et al. (2017) also used turtle tracks as a 
tool to identify the important nesting features in the Nicobar 
Archipelago. Turtle track marks can also be reliable in the 
remote locations of the Andaman and Nicobar archipelago, 
where there is limited access to the public as the track marks 
can remain intact for some time to undertake observations, 
especially in the case of the Giant leatherback turtle. Scuba 
divers and tourists use mobile applications such as TurT 
(Turtle uniting researchers and Tourists) to record and 
upload photos of turtles they encountered during their dives 
(ESRI 2020). In India, a citizen science initiative named 
KURMA—Tracking Indian Turtles and Tortoises, aims 
to understand turtle biodiversity and associated features 
through citizen science initiatives (Dutta et  al. 2020). 
Likewise, volunteers can be trained on the identification of 
sea turtles, turtle tracks and nesting features, so that they 
can collect data based on the platform in which they are 
trained, preferably through mobile applications or a web-
based submission process. Online platforms using mobile 
applications can be useful so that volunteers can take photos 
of nesting sites, turtle tracks, species identification, and 
turtle spotting on beaches, which can be tagged along with 
the georeferenced points or locations with date and time 
so that it can be collated at a common point for analysis 
and interpretation (Dutta et al. 2020). Citizen science can 
particularly be very helpful in remotely located islands like 
the Nicobar group, where public access is very limited. Local 
traditional communities can be trained as citizen scientists 
so that data can be collected over a period and the knowledge 
base of turtle nesting can be updated through citizen science. 
Local ecological knowledge of the stakeholders can also 
help understand the turtle tracks and nesting sites (Kiruba-
Sankar et al. 2023b, 2023c). Long-term monitoring and 
capacity-building/training were the key recommendations in 
the study of Namboothri et al. (2010) to conserve and protect 
the leatherback turtles on the Islands. Coastal wetland 
ecosystems are also known to be an important habitat for 
birds in ANI. Post-tsunami and earthquake of 2004, new 
wetlands have formed due to seawater inundation, which 
have become habitats for birds (Roundglassustain 2022). 
Citizen science projects on water bird census were taken 
in ANI for the management of wetlands and water birds 
(Wetlands International 2020). Citizen science initiatives 
through the Andaman Avian Club have generated large-scale 
data on wetland birds and their habitats (Andamansheekha 
2023). With such vast applications in various areas, citizen 
science has immense potential to garner larger datasets for 
future wetlands conservation projects.
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Key considerations in citizen science projects

Although citizen science programs have tremendous 
applications in conservation and management practices, 
some of the key areas that need due attention are outlined 
herewith.

Volunteer identification

Volunteer engagement is a key component for successful 
outcomes in citizen science (Vattakaven et al. 2022). An 
important component in the citizen science approach 
is identifying the right volunteer for the job envisaged. 
This could also be a major hurdle for the successful 
implementation of the project. In tropical islands like ANI, 
a high number of stakeholders depend on marine resources 
for livelihood, employment, and science. Some of the 
important stakeholders are scuba divers, fisherfolk, coastal 
tourism operators, students (school and college), marine 
exporters, and NGOs which can be involved in the collection 
of scientific data (Fig. 2). However, every group will have 
its priorities and engagements. Martin et  al. (2016), in 
their online surveys, assessed the interests of volunteers in 
citizen science programs. Such studies should be undertaken 
to assess the level of interest and their time-sharing 
capabilities. Except for students, many other stakeholders 
are involved and spend considerable time in their prioritized 
activities. The time that they could spend on the citizen 
science projects could be a limiting factor. However, the 
importance of their contribution cannot be ruled out, as 
even routine observations and recordings could also provide 
valuable information. Adopting a flexible approach is also 
essential as different participants have different exposure.

Understanding the knowledge level of volunteers

Involving public citizens in research programs needs a 
proper one-to-one dialogue to understand their roles and 
responsibilities. Apart from the identification of volunteers 
and assessing their interests, understanding the knowledge 
gaps is crucial so that they can be trained properly before 
assigning specific tasks. Again, manpower training or 
brainstorming programs are essential to sensitize the groups 
willing to participate. Their grasping tendency is more 
crucial towards understanding the task that they are going 
to perform and the benefits that could be reaped through 
their services. The citizens might show greater interest in 
the initial phases of the project; however, their involvement 
might decline at later stages due to other engagements. 
Discontinuities in their involvement might also affect the 
project's progress. Environmental education programs 
through citizen science are the best way to generate 
awareness of environment-related issues in the short term 
(Meschini et al. 2021). Such awareness generation could 
help identify the right volunteers for different projects. 
Awareness generation and education programs could also 
be helpful in the up gradation of knowledge of the citizen 
scientists who will provide their expertise in the collection 
and reporting of data. Such education programs can also 
help avoid sampling errors and the gathering of quality data. 
Education learning outcomes should also be aligned with 
citizen science goals for better execution of the projects 
(Roche et al. 2020).

Fig. 2   Some of the potential citizen scientists who can be engaged in projects
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Quality of data collection

Citizen science projects are often criticized for the 
inaccuracy of collected data and sampling biases (Gacutan 
et al. 2022). Such an issue also needs proper attention and 
care (Irwin 2018) so that the data collected can largely be 
reliable. Addressing the authenticity issues in data collection 
could be challenging, especially when volunteers are new 
to the exposed field (Bonney et al. 2009). For instance, a 
scuba diver, if engaged as a volunteer in underwater citizen 
science projects, often has vast expertise on the study area 
and the site and hence could provide handy information, 
and the training component for such volunteers is relatively 
easy. Cautious uptake of citizen science data by the scientific 
community is often related to concerns about data quality 
(Brewin et al. 2017). Poorly documented data or flaws in 
the data collection process could also mislead the situation 
(McKinley et al. 2015). The core principle in citizen science 
datasets is to use a very simple standardized protocol 
replicated over various survey regions toward a broader 
conclusion (Devictor et al. 2010). Considering the wide 
spectrum of citizen science activities happening over a 
region, it is practically difficult to monitor their activities and 
authenticate the collected data. Hence assessing the level 
of interest shown by citizen scientists and analyzing their 
background knowledge and aptitude is essential to assess 
the reliability of their contribution to the project. Many 
citizen science programs have focused mainly on training 
the volunteers and validating their data with a scientific way 
of collection to streamline the data collection process. The 
lack of proper verification of the data generated through 
citizen science programs may impact their policy-oriented 
applications (Rowland 2012), hence also requiring a third-
party audit of the data and associated outcomes.

Error and bias due to variation in observer 
quality

Despite the abundance of data produced and the numerous 
scientific breakthroughs that have resulted, professional 
scientists are sceptical about citizen science. This doubt 
may have its roots in the fact that citizen science is still not 
seen as a mainstream scientific approach (Theobald et al. 
2015). Alternatively, some experts could think that unpaid 
participants aren't dedicated or competent enough to work 
at the same level as paid personnel. The ethics of working 
with volunteers have been questioned (Resnik et al. 2015), 
as have the "motivations and objectives" of the participants 
themselves (Show 2015), as well as their capacity to produce 
high-quality data (Hunter et  al. 2013). Even research 
producing high-quality data might be challenging to publish 
in journals and is frequently confined to educational or 

outreach sections of the journals and conferences since 
citizen research is sometimes considered as dubious science 
(Bonney et  al. 2014). Incorporating participants with 
different levels of understanding and expertise will result 
in measurements, such as the identification or enumeration 
of species, being less accurate. Additionally, the data may 
contain major sources of bias, such as under-detection of 
species or non-random distribution of effort (Crall et al. 
2011). Opportunistic data are typically thought to represent 
the true distribution of species. However, it may not be 
entirely true. According to Johnson (1980), environmental 
factors that influence species occupancy are determined 
by a hierarchical selection process, whereas opportunistic 
data are biased because they depend on the presence of 
an observer and their capacity to spot and recognize the 
animal as well as record and submit the data. The areas the 
citizen scientists cover and those occupied by the species 
may not overlap completely. There are numerous methods 
to incorporate bias into a dataset, and determining the 
processes that contribute to bias is crucial to choosing the 
right analytical strategy (Bird et al. 2014). Taxonomic biases 
(Mair and Ruete 2016) and interobserver skill disparities 
(Kelling et al. 2015) are additional biases related to citizen 
science projects that can affect the validity or quality of the 
data (Gilfedder et al. 2019). Since the data quality supplied 
by citizen scientists has long been a concern, the biggest 
issue is the policy recommendations arising out of such 
studies (Dickinson et al. 2010, 2012).

Methods for improving data analysis 
for volunteer data

Issues like the aforementioned have prompted citizen science 
initiatives to improve sampling procedures and training, 
managing databases (Crall et al. 2011), and filtering or 
subsampling data to address inaccuracy and inconsistent 
effort (Wiggins and Crowston 2011; Wiggins et al. 2011). 
Data can also be grouped among species (Fithian et al. 
2015), and supplemented with datasets with a predetermined 
sampling effort (Giraud et  al. 2016) to maximize the 
accuracy of the information obtained. The bias and error 
concerns that frequently exist in Citizen Science data are 
not unique; similar challenges are present in datasets from a 
wide range of fields that can be solved by applying several 
analytical techniques. Models of species distribution can 
take into consideration variations in interobserver skill 
(Johnston et al. 2018). Alternately, sampling techniques 
and strategies can be improved (Bird et al. 2014), which 
would allow citizen science initiatives to transition from 
unstructured to more structured ones throughout the project 
(Kelling et al. 2018). Machine learning (ML) algorithms are 
available for complex datasets that can assess the relative 
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contribution of numerous predictive variables to explain of 
the data collected (Hochachka et al. 2012). Before, during, 
and after data collection, potential sources of bias and error 
are reduced via data standardization, volunteer orientation, 
filtering, and validation methods (Wiggins et al. 2011). 
Studies that compare data produced by knowledgeable 
volunteers versus specialists frequently find similar 
estimates (Edgar and Stuart-Smith 2009). However, it can 
be challenging to adopt strict rules or get rid of all bias and 
error sources in many widely dispersed databases. Therefore, 
it is conceivable that global citizen science datasets may 
deviate from several fundamental presumptions of statistical 
studies.

Source of funding

Funding citizen science projects could be essential for 
better results and coordination among the volunteers. 
McKinley et al. (2015) report that an organization or project 
investigator must invest considerable time and money 
in citizen science projects to get the desired results. For 
instance, volunteers might not be willing to share the petty 
expenses involved in the project course. Any marine and 
coastal citizen science projects taken up would require the 
volunteers to travel extensively by road and boat, which is a 
challenge for implementation. Cigliano et al. (2015) report 
logistical support being a major challenge in marine and 
coastal projects requiring survey boats, diving gears, and 
transportation to the coast. Finding the right collaborators 
could also cut down the expenditures. For instance, scuba 
divers might regularly dive into selected places of interest. 
Their day-to-day routine activities are to be used for the 
citizen science projects, such as sharing photographs or 
any unusual observations of the coral reef health in the 
dived site. They can assist in sightings of marine mammals, 
locate specific areas where these mammals are spotted, 
or even spot rare and near-extinct marine faunal groups 
during their dives. Fishermen's services for involvement 
also won’t cause additional expenses as sea travel is their 
routine activity for fishing. Involving students or the public 
could incur expenditure that needs to be met out. Addressing 
the issue of funding constraints and logistical supports are 
to be coordinated properly for successful citizen science 
programs.

Training needs of the volunteers

Training and capacity building were found to be a core part 
of the engagement in citizen science (Velde et al. 2017). The 
success of citizen science initiatives greatly depends on the 
quality of data collected by the volunteers. Several citizen 
science projects ensure that the volunteers were trained and 
assessed for the collection of quality data (Sherbinin et al. 

2021). With proper training, the data collected by citizen 
scientists can be reliable and robust (Velde et al. 2017). The 
range of volunteers engaged in the citizen science projects 
can be either amateurs or an expert in their respective 
fields. Irrespective of their level of understanding, training, 
demonstration, and validation remain crucial parts of citizen 
science programs (Martin et al. 2016).

Infrastructure

Vattakaven et al. (2022) outline the importance of online 
and offline infrastructure that is required to manage project 
activities as the backbone of citizen science projects. Here 
the online infrastructure refers to the web/mobile-based tools 
that could support the project requirements, whereas offline 
infrastructure involves outreach activities through contacts 
and efforts. Designing a database based on web and mobile 
applications is much desired in places like Andaman and 
Nicobar archipelago, as data collection over a large-scale 
area is a practical issue through conventional data collection 
and reporting processes. Nowadays, internet services have 
greatly been developed in parts of the Island and hence 
adequate time should be spent on designing smartphone-
based applications that could enable data collection and 
storage processes. Sufficient data collection and reporting 
trials should be undertaken to ensure that the data gathering 
and reporting process are free from errors or glitches. The 
researchers backing up the citizen science projects should 
also have adequate manpower to carry out these activities 
in the desired time frame. Data analysis, interpretation, 
dissemination, data storage, and further use of data require 

Fig. 3   Key strategies for implementing citizen science in the Islands
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a robust infrastructure that should be planned properly for 
successful outcomes (Wiggins et al. 2011).

Linking citizen science with environmental 
programs

Stakeholder engagement is the most crucial component 
in conservation and management programs (Gray and 
Scyphers 2017). Environmental protection groups have 
taken part in citizen science programs over several decades 
to protect our environment (Rubio-Iglesias et al. 2020). It is 
of profound importance that citizen science projects should 
be properly linked with environmental protection agencies 
so that the data generated can be applied in policymaking 
and decision-process. Environment protection agencies in 
the United States and Europe were actively making use of 
citizen science in their decision-making process (Owen 
and Parker 2018). The key advantage of citizen science is 
that it can gather an exponential volume of data in time and 
space (Cigliano et al. 2015). However, the real challenge 
lies in the transformation of such data into action through 
policy and the decision-making process. To achieve such 
a process, the policymakers and environmental managers 
must be linked and involved in citizen science projects 
from inception. The process to be adopted for such 
management is shown in Fig. 3. In an environmentally 
fragile archipelago like Andaman and Nicobar, the role 
of environmental agencies and Government departments 
in the successful implementation of citizen science is 
essential. Their engagement should be strengthened further 
through collaborative efforts to achieve the desired goals. 
The data generated through citizen science could provide 
useful insights into the health of the coral reef ecosystems, 
strengthening the monitoring of mangroves, location 
of seagrass beds, the hotspots of debris accumulation, 
invasion of alien fishes, sighting of marine mammals, etc. 
Once we garner sufficient data validated through scientific 
studies, the results generated must be transformed into 
application-oriented aspects. Otherwise, the data generated 
will not have any application in the policymaking process. 
Hence the success of citizen science in policymaking and 
decision process lies in strengthening the collaborative 
initiates in citizen science activities. Local government 
and administrative authorities being the policymakers or 
custodians of biodiversity must be involved in every phase 
of the project right from conception to dissemination of 
results. For instance, the Ministry of Environment, Forests 
and Climate Change, India, plays a key role in governing 
the coastal ecosystems such as coral reefs, mangroves, and 
seagrasses as they fall under ecologically sensitive zones 
(MOEFCC 2019). Large-scale data generated from these 
ecosystems can provide crucial insights into strengthening 
the management mechanism. To strengthen the collaborative 

network, officials from such departments should be engaged 
in citizen science activities and the data generated must be 
shared on a time-time basis.

Drivers for volunteer participation

Citizen Science programs can be successful only when 
citizens readily agree to participate in them. Since they aren’t 
professionally involved in research, there could be a lack of 
interest. Targeting the right audience is key to the successful 
execution of the programs. Introducing programs in schools 
to use citizen science-based projects as a part of their 
curriculum would create an influx of a lot of participants. 
Even though different tactics can be applied to motivate 
citizens to participate in such programs, the biggest driver 
is interest. Citizen science projects carried out by Kelly et al. 
(2019) suggested that participants in the programme were 
enthusiastic to contribute to scientific research and learning. 
The participants were driven by the ideals of working toward 
better research prospects (Kelly et al. 2019). Conflicts in the 
different community groups that are targeted in the programs 
must also be able to work in harmony with each other; 
conflicts between parties may cause hindrances in the active 
participation of certain groups that are crucial for studies. 
Divers and fishers in some places do not see eye to eye (Kelly 
et al. 2019), and if they keep their disagreements aside, and 
can communicate more effectively with one another, they 
may support more thoughtful, developed, and futuristic 
discussions for marine management programs (Boutilier 
2014). To attract new participants, one strategy to promote 
stakeholder interactions through citizen science is to draw 
on already established networks within project communities, 
such as diving and fishing clubs, tackle shops, etc. (Haywood 
2015). Participants in citizen science programs are known 
to share the knowledge they get from their experiences, and 
many plans to change their behaviour because of what they 
learn (Nursey-Bray et al. 2018).

Failures in citizen science

In a study, Druschke and Seltzer (2012) developed a 
streamlined technique for gathering bees in coloured bee 
bowls and managing them in the lab, while working on the 
project design with a bee specialist and then developed a 
straightforward collection methodology and an instructive 
booklet for the participants. The research team created a 
species list for the Anthophila in the Chicago area based on 
the findings gathered by the citizen scientists. However, they 
learned that the participants did not meet the knowledge, 
attitude, and behavioural goals they had hoped for thorough 
surveys taken before and after the program. They found 
out that the participants were unable to accomplish these 
objectives because they were unable to successfully involve 
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the citizen scientists in the research project. The ever-
increasing popularity of citizen science would certainly 
result in errors and blunders, and hence it is of absolute 
necessity to adopt proactive strategies for preventing 
such failures. The inter- and even transdisciplinary 
techniques used in citizen science projects make them 
frequently difficult and complex tasks for laypersons to 
grasp (Westreicher et al. 2021). In a study conducted by 
Westreicher et al. (2021), 55% of the reported failures had to 
do with poor communication and challenging assignments. 
For a successful citizen science project, the administration 
of accurate in-person communications is crucial. After 
the conclusion of any citizen science project, discussing 
the failures that came across during the study may be very 
instructive, useful, and beneficial for individual academic 
careers. It may also serve as a guideline for other initiatives 
that would prevent repeating the same errors (Westreicher 
et al. 2021).

Future directions

Climate change impacts such as increased ambient 
temperature, sea level rise, increased atmospheric carbon 
dioxide, and other extreme events are predicted to impact 
the coastal wetlands (Ross and Adam 2013; Michener et al. 
1997; Blankespoor et al. 2014). The challenges foreseen 
ahead are to be faced with innovative approaches and the 
review accordingly outlines the relevancy of citizen science. 
The archipelago of Andaman and Nicobar is known for its 
diverse coastal wetlands and its vulnerability to natural 
and anthropogenic impacts. Given the diverse challenges 
confronted by the fragile coastal wetlands of the islands, 
citizen science projects could be a potential tool in managing 
the coastal wetlands for sustaining the long-term benefits 
and ecosystem services provided by these coastal wetlands.

Conclusion

Citizen Science is an up-and-coming tool that has 
tremendous potential if used beneficially. Local citizens are 
a reservoir of knowledge passed down from generation to 
generation and we can aim to make use of this knowledge 
for various scientific purposes. ANI are home to several 
tribal communities that have lived for many years without 
advanced technologies. Such profound knowledge of the 
natural ecosystems is important to be recorded to prevent it 
from fading away. Since conservation challenges are directly 
linked to human behaviour, citizen science is the more 
reasonable approach as it offers an efficient yet cost-effective 
way of obtaining comprehensive datasets over large spatial 

scales. If the basic constraints are somehow overcome, 
citizen science will help revolutionize the academic scene 
for the better.

Acknowledgements  The idea for the article was conceived under the 
project ‘Augmenting livelihood, resilience, and knowledge generation 
through coastal fisheries information hub for Nicobar tribes of Car 
Nicobar Island’ funded by the Department of Science and Technology 
(DST), New Delhi. The map used in the article was prepared using Arc-
GIS software. The author would like to thank Dr. P Krishnan, Director, 
BOBP-IGO, Chennai for his views and suggestions in improving the 
manuscript. I also would like to thank Mr. Raymond Jani Angel for 
his support in the preparation of illustrations. The author would like 
to thank the Director, ICAR-CIARI for his continuous guidance and 
support in the article preparation.

Data availability  All the data and relevant information are provided 
in this review article.

Declarations 

Conflict of interest  The author declare that they do not have any com-
peting interest.

References

ABC-News (2018) Threatened blue carbon ecosystems store carbon 
40 times faster than forests. https://​www.​abc.​net.​au/​news/​scien​
ce/​2018-​03-​26/​blue-​carbon-​mangr​oves-​seagr​ass-​fight-​clima​te-​
change/​95640​96. Accessed 14 May 2019

Advani S, Sridhar A, Namboothri N, Chandi M, Oommen MA 
(2013) Emergence and transformation of marine fisheries in the 
Andaman Islands. Dakshin Foundation and ANET, p 50

Andamansheekha (2023) Andaman avian club conducts Asian 
waterbird census 7th time in a row. http://​www.​andam​anshe​
ekha.​com/​111721/. Accessed 8 Sep 2023

Bahaguna A, Ray CN, Bhattji N et al (2013) Spatial inventory and 
ecological status of coral reefs of the central Indian ocean 
using Resourcesat-1. Indian J Geo-Mar Sci 42:684–696

Barbier EB (2013) Valuing ecosystem services for coastal wetland 
protection and restoration: progress and challenges. Resources 
2:213–230. https://​doi.​org/​10.​3390/​resou​rces2​030213

Bassi N, Kumar MD, Sharma A et al (2014) Status of wetlands 
in India: a review of extent, ecosystem benefits, threats and 
management strategies. J Hydrol Reg Stud 2:1–19. https://​doi.​
org/​10.​1016/j.​ejrh.​2014.​07.​001

Bird TJ, Bates AE, Lefcheck JS, Hill NA, Thomson RJ, Edgar GJ, 
Stuart-Smith RD, Wotherspoon S, Krkosek M, Stuart-Smith JF, 
Pecl GT (2014) Statistical solutions for error and bias in global 
citizen science datasets. Biol Conserv 173:144–154

Biswas M, Samal NR, Roy PK et  al (2010) Human wetland 
dependency and socio-economic evaluation of wetland 
functions through participatory approach in rural India. Water 
Sci Eng 3:467–479. https://​doi.​org/​10.​3882/j.​issn.​1674-​2370.​
2010.​04.​009

Blankespoor B, Dasgupta S, Laplante B (2014) Sea level rise and 
coastal wetlands. Ambio 43:996–1005. https://​doi.​org/​10.​1007/​
s13280-​014-​0500-4

Bonney R, Ballard H, Jordan R, McCallie E, Phillips T, Shirk J, 
Wilderman CC (2009) Public participation in scientific research: 
defining the field and assessing its potential for informal 
science education. A CAISE inquiry group report. Center 

https://www.abc.net.au/news/science/2018-03-26/blue-carbon-mangroves-seagrass-fight-climate-change/9564096
https://www.abc.net.au/news/science/2018-03-26/blue-carbon-mangroves-seagrass-fight-climate-change/9564096
https://www.abc.net.au/news/science/2018-03-26/blue-carbon-mangroves-seagrass-fight-climate-change/9564096
http://www.andamansheekha.com/111721/
http://www.andamansheekha.com/111721/
https://doi.org/10.3390/resources2030213
https://doi.org/10.1016/j.ejrh.2014.07.001
https://doi.org/10.1016/j.ejrh.2014.07.001
https://doi.org/10.3882/j.issn.1674-2370.2010.04.009
https://doi.org/10.3882/j.issn.1674-2370.2010.04.009
https://doi.org/10.1007/s13280-014-0500-4
https://doi.org/10.1007/s13280-014-0500-4


47Environmental Sustainability (2024) 7:31–51	

for Advancement of Informal Science Education (CAISE), 
Washington, DC, p 58

Bonney R, Shirk JL, Phillips TB, Wiggins A, Ballard HL et al (2014) 
Next steps for citizen science. Science 348(6178):1436–1437. 
https://​doi.​org/​10.​1126/​scien​ce.​12515​54

Boutilier RG (2014) Frequently asked questions about the social licence 
to operate. Impact Assess Project Appraisal 32(4):263–272

Brewin RJW, Hyder K, Andersson AJ et al (2017) Expanding aquatic 
observations through recreation. Front Mar Sci 4:351. https://​doi.​
org/​10.​3389/​fmars.​2017.​00351

Burgess HK, DeBey LB, Froehlich HE et al (2017) The science of 
citizen science: exploring barriers to use as a primary research 
tool. Biodivers Conserv 208:113–120. https://​doi.​org/​10.​1016/j.​
biocon.​2016.​05.​014

Ceriani SA, Brost PCM, Leone EH, Witherington BE (2019) 
Conservation implications of sea turtle nesting trends: elusive 
recovery of a globally important loggerhead population. 
Ecosphere. https://​doi.​org/​10.​1002/​ecs2.​2936

Chakraborty SK (2019) Bioinvasion and environmental perturbation: 
synergistic impact on coastal–mangrove ecosystems of West 
Bengal, India. In: Makowski C, Finkl C (eds) Impacts of invasive 
species on coastal environments. Springer, Cham. https://​doi.​org/​
10.​1007/​978-3-​319-​91382-7_6

Chand S, Srivastava RC, Krishnan P et al (2013) Valuation of mangrove 
services of Andaman and Nicobar Islands, India. Basic Res J 
Agric Sci Rev 2:130–137

Chandler M, See L, Buesching CD et al (2017a) Involving citizen 
science in biodiversity observation. In: Walters M, Scholes R 
(eds) The GEO Handbook on biodiversity observation networks. 
Springer, Cham. https://​doi.​org/​10.​1007/​978-3-​319-​27288-7_9

Chandler M, See L, Copas K et al (2017b) Contribution of citizen 
science towards international biodiversity monitoring. Biol 
Conserv 213:280–294. https://​doi.​org/​10.​1016/j.​biocon.​2016.​
09.​004

Chuang YH, Yu RF, Chen WY et al (2018) Sustainable planning for 
a coastal wetland system with an integrated ANP and DPSIR 
model for conflict resolution. Wetl Ecol Manage 26:1015. https://​
doi.​org/​10.​1007/​s11273-​018-​9627-6

Cigliano JA, Meyer R, Ballard HL et al (2015) Making marine and 
coastal citizen science matter. Ocean Coast Manag 115:77–87. 
https://​doi.​org/​10.​1016/j.​oceco​aman.​2015.​06.​012

Clements KR, Karp P, Harris HE, Ali F, Candelmo A, Rodriguez SJ, 
Balcazar-Escalera C, Fogg AQ, Green SJ, Solomon JN (2021) 
The Role of Citizen Science in the Research and Management 
of Invasive Lionfish across the Western Atlantic. Diversity 
13(12):673. https://​doi.​org/​10.​3390/​d1312​0673

Coralwatch (2023) https://​coral​watch.​org/​monit​oring/​survey-​metho​
ds/. Accessed 31 Dec 2021

Crall AW, Newman GJ, Stolhgren TJ et al (2011) Assessing citizen 
science data quality: an invasive species case study. Conserv 
Lett 4:433–442. https://​doi.​org/​10.​1111/j.​1755-​263X.​2011.​
00196.x

Cullen-Unsworth LC, Jones BL, Seary R et al (2018) Reasons for 
seagrass optimism: Local ecological knowledge confirms 
presence of dugongs. Mar Pollut Bull 134:118–122. https://​doi.​
org/​10.​1016/j.​marpo​lbul.​2017.​11.​007

Daryadel E, Talaei F (2014) Analytical study on threats to wetland 
ecosystems and their solutions in the framework of the Ramsar 
Convention. Int J Environ Ecol Eng 8:2108–2118. https://​doi.​org/​
10.​5281/​zenodo.​10936​24

Dean AJ, Church EK, Loder J, Fielding KS, Wilson KA (2018) 
How do marine and coastal citizen sciences experiences foster 
environmental management? J Environ Manage. https://​doi.​org/​
10.​1016/j.​jenvm​an.​2018.​02.​080

Delaney DG, Sperling CD, Adams CS et al (2007) Marine invasive 
species: validation of citizen science and implications for 

national monitoring. Biol Invasions 10:117. https://​doi.​org/​10.​
1007/​s10530-​007-​9114-0

Delaney DG, Sperling CD, Adams CS, Leung B (2008) Marine 
invasive species: validation of citizen science and implications 
for national monitoring networks. Biol Conserv. https://​doi.​org/​
10.​1007/​s10530-​007-​9114-0

Devictor V, Whittaker RJ, Beltrame C (2010) Beyond scarcity: 
citizen science programmes as useful tools for conservation 
biogeography. Divers Distrib. https://​doi.​org/​10.​1111/j.​1472-​
4642.​2009.​00615.x

Dharani G, Nazar AKA, Venkatesan R, Ravindran M (2003) Marine 
debris in Great Nicobar. Curr Sci 85:574–575

Dickinson JL, Zuckerberg B, Bonter DN (2010) Citizen science as an 
ecological research tool: Challenges and benefits. Annu Rev Ecol 
Evol Syst 41:149–172

Dickinson JL, Shirk J, Bonter D, Bonney R, Crain RL, Martin J, 
Phillips T, Purcell K (2012) The current state of citizen science 
as a tool for ecological research and public engagement. Front 
Ecol Environ 10(6):291–297

Druschke CG, Seltzer CE (2012) Failures of engagement: lessons 
learned from a citizen science pilot study. Appl Environ Educ 
Commun 11(3–4):178–188

Dutta S, Singh A, Singh S, Louies J (2020) KURMA-tracking Indian 
turtles: a citizen science tool for turtle conservation in India. 
https://​doi.​org/​10.​13140/​RG.2.​2.​34674.​02244

Edgar GJ, Stuart-Smith RD (2009) Ecological effects of marine 
protected areas on rocky reef communities; a continental-scale 
analysis. Mar Ecol Prog Ser 388:51–62

Edgar GJ, Cooper A, Baker SC, Barker W, Barrett NS et al (2020) 
Establishing the ecological basis for conservation of shallow 
marine life using Reef Life Survey. Biol Conserv. https://​doi.​
org/​10.​1016/j.​biocon.​2020.​108855

Encarnacao J, Teodosio MA, Morais P (2021) Citizen science and 
biological invasions: a review. Front Environ Sci. https://​doi.​
org/​10.​3389/​fenvs.​2020.​602980

ESRI (2020) Citizen scientists help home in on sea turtle home ranges. 
https://​www.​esri.​com/​about/​newsr​oom/​blog/​citiz​en-​scien​tists-​
record-​sea-​turtle-​sight​ings/. Accessed 5 Apr 2022

Firstpost (2019) Leatherback turtles in the Andamans: Highest number 
of turtle nests in a decade found this year. https://​www.​first​post.​
com/​india/​leath​erback-​turtl​es-​in-​the-​andam​ans-​highe​st-​number-​
of-​turtle-​nests-​in-a-​decade-​found-​this-​year-​66020​21.​html. 
Accessed 5 Apr 2022

Fithian W, Elith J, Hastie T, Keith DA (2015) Bias correction in species 
distribution models: pooling survey and collection data for 
multiple species. Methods Ecol Evol 6(4):424–438

Friess DA, Chua SC, Jaafar Z, Krauss KW, Yando ES (2021) 
Mangroves and people: Impacts and intercations. Est Coast Shelf 
Sci 248:107155. https://​doi.​org/​10.​1016/j.​ecss.​2020.​107155

Gacutan J, Johnston EL, Tait H, Smith W, Clark GF (2022) Continental 
patterns in marine debris revealed by a decade of citizen science. 
Sci Total Environ. https://​doi.​org/​10.​1016/j.​scito​tenv.​2021.​
150742

Garcia-Soto C, van der Meeren GI, Busch JA, et al (2017) Advancing 
citizen science for coastal and ocean research. In: Position Paper 
23-European Marine Board, Belgium

Garcia-Soto C, Seys JJC, Zielinski O, Busch JA et al (2021) Marine 
citizen science: current state in Europe and new technological 
developments. Front Mar Sci. https://​doi.​org/​10.​3389/​fmars.​
2021.​621472

Geevarghese GA, Akhil B, Magesh G et al (2017) A comprehensive 
geospatial assessment of seagrass distribution in India. Ocean 
Coast Manag 159:16–25. https://​doi.​org/​10.​1016/j.​oceco​aman.​
2017.​10.​032

https://doi.org/10.1126/science.1251554
https://doi.org/10.3389/fmars.2017.00351
https://doi.org/10.3389/fmars.2017.00351
https://doi.org/10.1016/j.biocon.2016.05.014
https://doi.org/10.1016/j.biocon.2016.05.014
https://doi.org/10.1002/ecs2.2936
https://doi.org/10.1007/978-3-319-91382-7_6
https://doi.org/10.1007/978-3-319-91382-7_6
https://doi.org/10.1007/978-3-319-27288-7_9
https://doi.org/10.1016/j.biocon.2016.09.004
https://doi.org/10.1016/j.biocon.2016.09.004
https://doi.org/10.1007/s11273-018-9627-6
https://doi.org/10.1007/s11273-018-9627-6
https://doi.org/10.1016/j.ocecoaman.2015.06.012
https://doi.org/10.3390/d13120673
https://coralwatch.org/monitoring/survey-methods/
https://coralwatch.org/monitoring/survey-methods/
https://doi.org/10.1111/j.1755-263X.2011.00196.x
https://doi.org/10.1111/j.1755-263X.2011.00196.x
https://doi.org/10.1016/j.marpolbul.2017.11.007
https://doi.org/10.1016/j.marpolbul.2017.11.007
https://doi.org/10.5281/zenodo.1093624
https://doi.org/10.5281/zenodo.1093624
https://doi.org/10.1016/j.jenvman.2018.02.080
https://doi.org/10.1016/j.jenvman.2018.02.080
https://doi.org/10.1007/s10530-007-9114-0
https://doi.org/10.1007/s10530-007-9114-0
https://doi.org/10.1007/s10530-007-9114-0
https://doi.org/10.1007/s10530-007-9114-0
https://doi.org/10.1111/j.1472-4642.2009.00615.x
https://doi.org/10.1111/j.1472-4642.2009.00615.x
https://doi.org/10.13140/RG.2.2.34674.02244
https://doi.org/10.1016/j.biocon.2020.108855
https://doi.org/10.1016/j.biocon.2020.108855
https://doi.org/10.3389/fenvs.2020.602980
https://doi.org/10.3389/fenvs.2020.602980
https://www.esri.com/about/newsroom/blog/citizen-scientists-record-sea-turtle-sightings/
https://www.esri.com/about/newsroom/blog/citizen-scientists-record-sea-turtle-sightings/
https://www.firstpost.com/india/leatherback-turtles-in-the-andamans-highest-number-of-turtle-nests-in-a-decade-found-this-year-6602021.html
https://www.firstpost.com/india/leatherback-turtles-in-the-andamans-highest-number-of-turtle-nests-in-a-decade-found-this-year-6602021.html
https://www.firstpost.com/india/leatherback-turtles-in-the-andamans-highest-number-of-turtle-nests-in-a-decade-found-this-year-6602021.html
https://doi.org/10.1016/j.ecss.2020.107155
https://doi.org/10.1016/j.scitotenv.2021.150742
https://doi.org/10.1016/j.scitotenv.2021.150742
https://doi.org/10.3389/fmars.2021.621472
https://doi.org/10.3389/fmars.2021.621472
https://doi.org/10.1016/j.ocecoaman.2017.10.032
https://doi.org/10.1016/j.ocecoaman.2017.10.032


48	 Environmental Sustainability (2024) 7:31–51

Gilfedder M, Robinson CJ, Watson JE, Campbell TG, Sullivan BL, 
Possingham HP (2019) Brokering trust in citizen science. Soc 
Nat Resour 32(3):292–302

Giraud C, Calenge C, Coron C, Julliard R (2016) Capitalizing on 
opportunistic data for monitoring relative abundances of species. 
Biometrics 72(2):649–658

Gouraguine A, Moranta J, Ruiz-Frau A, Hinz H, Renones O, Ferse 
SCA, Jompa J, Smith DJ (2019) Citizen science in data and 
resource-limited areas: a tool to detect long-term ecosystem 
changes. PLoS ONE. https://​doi.​org/​10.​1371/​journ​al.​pone.​02100​
07

Gray S, and Scyphers S (2017) Innovations in collaborative science: 
advancing citizen science, crowdsourcing and participatory 
modeling to understand and manage marine social–ecological 
systems. In Levin PS, Poe MR (eds) Conservation for the 
Anthropocene ocean. https://​doi.​org/​10.​1016/​B978-0-​12-​
805375-​1.​00022-2

Gupta PK, Patel JG, Singh RP, Bahaguna IM, Kumar R et al (2021) 
Space based observation of Indian wetlands. Space Applications 
Centre. ISRO Ahmedabad, p 354

Haywood BK (2015) Beyond data points and research contributions: the 
personal meaning and value associated with public participation 
in scientific research. Int J Sci Educ Part B 6(3):239–262

Haywood BK, Parrish JK, Dolliver J (2016) Place based and data rich 
citizen science as a precursor for conservation action. Conserv 
Biol 30:476–486. https://​doi.​org/​10.​1111/​cobi.​12702

Hidalgo-Ruz V, Thiel M (2015) The contribution of citizen scientists to 
the monitoring of marine litter. In: Bergmann et al (eds) Marine 
anthropogenic litter. SpringerLink Springer Cham Heidelberg, 
New York, pp 429–447. https://​doi.​org/​10.​1007/​978-3-​319-​
16510-3_​16

Hochachka WM, Fink D, Hutchinson RA, Sheldon D, Wong W-K, 
Kelling S (2012) Data-intensive science applied to broad-scale 
citizen science. Trends Ecol Evol (pers. Ed.) 27:130–137

Hunter J, Alabri A, Ingen VC (2013) Assessing the quality and 
trustworthiness of citizen science data. Concurrency Computat.: 
Pract. Exper 25:454–466. https://​doi.​org/​10.​1002/​cpe.​2923

Hushulong Q (2012) The problems of wetlands in our country and the 
researches. Energy Proc 17:462–466. https://​doi.​org/​10.​1016/j.​
egypro.​2012.​02.​121

Immanuel T, Goutham-Bharathi MP, Sawhney S, Ragavan P, Sankar 
RK (2016) New record of the pantropical seagrass Halophila 
decipiens Ostenfeld (Hydrocharitaceae) from the Andaman and 
Nicobar Islands, India. Bot Mar 58:409–413. https://​doi.​org/​10.​
1515/​bot-​2015-​0090

Irwin A (2018) No PhDs needed: how citizen science is transforming 
research. Nature 562:480–482. https://​doi.​org/​10.​1038/​
d41586-​018-​07106-5

Jagannathan (2021) Marine scientists out of divers. The Bastion. 
https://​theba​stion.​co.​in/​polit​ics-​and/​creat​ing-​marine-​scien​tists-​
out-​of-​divers/. Accessed 14 Mar 2022

Johnson DH (1980) The comparison of usage and availability 
measurements for evaluating resource preference. Ecology 
61(1):65–71

Johnston A, Fink D, Hochachka WM, Kelling S (2018) Estimates of 
observer expertise improve species distributions from citizen 
science data. Methods Ecol Evol 9(1):88–97

Jones BL, Unsworth RKF, McKenzie LJ et al (2018) Crowdsourcing 
conservation: the role of citizen science in securing a future for 
seagrass. Mar Pollut Bull 134:210–215. https://​doi.​org/​10.​1016/j.​
marpo​lbul.​2017.​11.​005

Kaladharan P, Vijayakumaran K, Singh VV et al (2017) Prevalence 
of marine litter along the Indian beaches: a preliminary account 
on its status and composition. J Mar Biol Assoc India 59:19–24. 
https://​doi.​org/​10.​6024/​jmbai.​2017.​59.1.​1953-​03

Kasten P, Jenkins SR, Christofoletti RA (2021) Participatory 
monitoring—a citizen science approach for coastal environments. 
Front Mar Sci. https://​doi.​org/​10.​3389/​fmars.​2021.​681969

Kathiresan A (2018) Mangrove forests of India. Curr Sci 114:976–981
Kelling S, Johnston A, Hochachka WM, Iliff M, Fink D, Gerbracht J, 

Lagoze C, La Sorte FA, Moore T, Wiggins A, Wong WK (2015) 
Can observation skills of citizen scientists be estimated using 
species accumulation curves? PLoS ONE 10(10):e0139600

Kelling S, Johnston A, Fink D, Ruiz-Gutierrez V, Bonney R, Bonn 
A, Fernandez M, Hochachka WM, Julliard R, Kraemer R and 
Guralnick R (2018) Finding the signal in the noise of Citizen 
Science Observations. bioRxiv, p 326314

Kelly R, Fleming A, Pecl GT (2019) Citizen science and social licence: 
improving perceptions and connecting marine user groups. 
Ocean Coast Manag 178:104855

Kiruba-Sankar R, Krishnan P, Roy SD et  al (2018a) Structural 
complexity and tree species composition of mangrove forests of 
Andaman Islands, India. J Coast Conserv 22:217–234. https://​
doi.​org/​10.​1007/​s11852-​017-​0588-3

Kiruba-Sankar R, Praveenraj J, Saravanan K et al (2018b) Invasive 
species in freshwater ecosystems-Threats to ecosystem services. 
In: Sivaperuman et al (eds) Biodiversity and climate change 
adaptation in tropical islands. Elsevier Inc., pp 257–296. https://​
doi.​org/​10.​1016/​B978-0-​12-​813064-​3.​00009-0

Kiruba-Sankar R, Kumar KL, Saravanan K, Praveenraj J (2019) 
Poaching in Andaman and Nicobar coasts: insights. J Coast 
Conserv 23:95–109. https://​doi.​org/​10.​1007/​s11852-​018-​0640-y

Kiruba-Sankar R, Krishnan P, George G, Kumar KL, Angel JRJ, 
Saravanan K, Roy SD (2021a) Fisheries governance in the 
tropical archipelago of Andaman and Nicobar—opinions and 
strategies for sustainable management. J Coast Conserv. https://​
doi.​org/​10.​1007/​s11852-​021-​00808-5

Kiruba-Sankar R, Praveenraj J, Saravanan K, Kumar KL, Haridas 
H, Biswas U (2021b) Stakeholder perceptions and strategies 
for management of non-native freshwater fishes of Andaman 
and Nicobar Islands, India. Aquat Ecosyst Health Manag 
24(2):96–104

Kiruba-Sankar R, Saravanan K, Haridas H, Praveenraj J, Biswas U, 
Sarkar R (2022) Policy framework and development strategy for 
freshwater aquaculture sector in the light of COVID-19 impact in 
Andaman and Nicobar archipelago, India. Aquaculture. https://​
doi.​org/​10.​1016/j.​aquac​ulture.​2021.​737596

Kiruba-Sankar R, Saravanan K, Adamala S, Selvam K, Kumar 
KL, Praveenraj J (2023a) First report of marine debris in Car 
Nicobar, a remote oceanic Island in the Nicobar archipelago, 
Bay of Bengal. Reg Stud Mar Sci. https://​doi.​org/​10.​1016/j.​
rsma.​2023.​102845

Kiruba-Sankar R, Adamala S, Barman J, Saravanan K, Praveenraj 
J, Yuvaraj E, Kumar G, Ahmed SZ (2023b) Aboriginal 
tribes’ knowledge of the endangered freshwater turtle Cuora 
amboinensis from Car Nicobar, a remote oceanic island in the 
Bay of Bengal. Fishes 8(10):517. https://​doi.​org/​10.​3390/​fishe​
s8100​517

Kiruba-Sankar R, Barman J, Saravanan K, Praveenraj J, Eswaran 
Y, Adamala S, Meshack L (2023c) Record of a Hawksbill 
Sea turtle at Car Nicobar Island, Andaman and Nicobar 
archipelago. Indian Ocean Turtle Newslett 38:17–19

Kobori H, Dickinson JL, Washitani L et al (2016) Citizen science: a 
new approach to advance ecology, education, and conservation. 
Ecol Res 31:1–19. https://​doi.​org/​10.​1007/​s11284-​015-​1314-y

Kousteni V, Tsiamis K, Gervasini E, Zenetos A, Karachle PK, 
Cardoso AC (2022) Citizen scientists contributing to alien 
species detection: the case of fishes and mollusks in European 
marine waters. Ecosphere. https://​doi.​org/​10.​1002/​ecs2.​3875

https://doi.org/10.1371/journal.pone.0210007
https://doi.org/10.1371/journal.pone.0210007
https://doi.org/10.1016/B978-0-12-805375-1.00022-2
https://doi.org/10.1016/B978-0-12-805375-1.00022-2
https://doi.org/10.1111/cobi.12702
https://doi.org/10.1007/978-3-319-16510-3_16
https://doi.org/10.1007/978-3-319-16510-3_16
https://doi.org/10.1002/cpe.2923
https://doi.org/10.1016/j.egypro.2012.02.121
https://doi.org/10.1016/j.egypro.2012.02.121
https://doi.org/10.1515/bot-2015-0090
https://doi.org/10.1515/bot-2015-0090
https://doi.org/10.1038/d41586-018-07106-5
https://doi.org/10.1038/d41586-018-07106-5
https://thebastion.co.in/politics-and/creating-marine-scientists-out-of-divers/
https://thebastion.co.in/politics-and/creating-marine-scientists-out-of-divers/
https://doi.org/10.1016/j.marpolbul.2017.11.005
https://doi.org/10.1016/j.marpolbul.2017.11.005
https://doi.org/10.6024/jmbai.2017.59.1.1953-03
https://doi.org/10.3389/fmars.2021.681969
https://doi.org/10.1007/s11852-017-0588-3
https://doi.org/10.1007/s11852-017-0588-3
https://doi.org/10.1016/B978-0-12-813064-3.00009-0
https://doi.org/10.1016/B978-0-12-813064-3.00009-0
https://doi.org/10.1007/s11852-018-0640-y
https://doi.org/10.1007/s11852-021-00808-5
https://doi.org/10.1007/s11852-021-00808-5
https://doi.org/10.1016/j.aquaculture.2021.737596
https://doi.org/10.1016/j.aquaculture.2021.737596
https://doi.org/10.1016/j.rsma.2023.102845
https://doi.org/10.1016/j.rsma.2023.102845
https://doi.org/10.3390/fishes8100517
https://doi.org/10.3390/fishes8100517
https://doi.org/10.1007/s11284-015-1314-y
https://doi.org/10.1002/ecs2.3875


49Environmental Sustainability (2024) 7:31–51	

Krishnan P, Roy SD, George G et al (2011) Elevated Sea Surface 
Temperature (SST) induces mass bleaching of corals in 
Andaman. Curr Sci 100:1800–1804

Krishnan P, George G, Vikas et  al (2012) Tropical storm off 
Myanmar coast sweeps reefs in Ritchie’s Archipelago, 
Andaman. Environ Monit Assess 185:5327–5338. https://​doi.​
org/​10.​1007/​s10661-​012-​2948-7

Li X, Bellerby R, Craft C et  al (2018) Coastal wetland loss, 
consequences, and challenges for restoration. Anthropocene 
Coasts 1:1–15. https://​doi.​org/​10.​1139/​anc-​2017-​0001

Lix JK, Venkatesan R, Grinson G, Rao RR, Jineesh VK, Arul MM, 
Vengatesan G, Ramasundaram S, Sundar R, Atmanand MA 
(2016) Differential bleaching of corals based on El Nino type 
and intensity in the Andaman Sea, southeast Bay of Bengal. 
Environ Monit Assess 188:175

Lyimo LD, Gullstorm M, Lyimo TJ et  al (2018) Shading and 
simulated grazing increase the sulphide pool and methane 
emission in a tropical seagrass meadow. Mar Poll Bull 134:89–
93. https://​doi.​org/​10.​1016/j.​marpo​lbul.​2017.​09.​005

Macintosh DJ, Ashton EC (2002) A review of mangrove biodiversity 
conservation and management. Centre for Tropical Ecosystems 
Research, University of Aarhus

Mackenzie J, Duke NC, Wood A (2013) Mangrove Watch assessment 
of shoreline Mangroves in Tonga, Centre for Tropical Water 
and Aquatic Ecosystem Research (TropWATER) Publication 
13/51. James Cook University, Townsville

Mair L, Ruete A (2016) Explaining spatial variation in the recording 
effort of citizen science data across multiple taxa. PLoS ONE 
11(1):e0147796

Majumdar SD, Hazra S, Giri S et al (2018) Threats to coral reef 
diversity of Andaman Islands, India: a review. Reg Stud Mar 
Sci 24:237–250. https://​doi.​org/​10.​1016/j.​rsma.​2018.​08.​011

Malakar B, Venu S, Samuel VD, Abhilash KR (2021) Increasing 
signs of degradation of shallow water coral reefs due to 
repeated bleaching and spatial competition among benthic 
substrates. Wetl Ecol Manag 29:669–675. https://​doi.​org/​10.​
1007/​s11273-​020-​09744-x

Mangrove detectives (2019) https://​mangr​ovede​tecti​ves.​org/​lesso​ns/​
secret-​agents/ Accessed 17 Mar 2022

Marimuthu N, Wilson JJ, Vinithkumar NV, Kirubagaran R (2012) 
Coral reef recovery status in south Andaman Islands after the 
bleaching event 2010. J Ocean Univ China 12:91–96. https://​
doi.​org/​10.​1007/​s11802-​013-​2014-2

Marshall NJ, Kleine DA, Dean AJ (2012) CoralWatch: education, 
monitoring, and sustainability through citizen science. Front 
Ecol Environ. https://​doi.​org/​10.​1890/​110266

Martin VY, Christidis L, Pecl GT (2016) Public interest in marine 
citizen science: Is there potential for growth? Bioscience 
66:683–692

Mazarassa I, Samper-Villarreal J, Serrano O et al (2018) Habitat 
characteristics provide insights of carbon storage in seagrass 
meadows. Mar Poll Bull 134:106–117. https://​doi.​org/​10.​
1016/j.​marpo​lbul.​2018.​01.​059

McKinley DC, Miller-Rushing AJ, Ballard HL, Bonney R et  al 
(2015) Investing in citizen science can improve natural 
resource management and environmental protection. Issues 
Ecol 19:1–27

McKinley DC, Miller-Rushing AJ, Ballard HL et al (2017) Citizen 
science can improve conservation science, natural resource 
management, and environmental protection. Biol Conserv 
208:15–28. https://​doi.​org/​10.​1016/j.​biocon.​2016.​05.​015

Mcleod E, Chmura GL, Bouillon S et  al (2011) A blueprint for 
blue carbon: toward an improved understanding of the role 
of vegetated coastal habitats in sequestering CO2. Front Ecol 
Environ 9:552–560. https://​doi.​org/​10.​1890/​110004

Meng W, Feagin RA, Hu B et al (2019) The spatial distribution of 
blue carbon in the coastal wetlands of China. Est Coast Shelf Sci 
222:13–20. https://​doi.​org/​10.​1016/j.​ecss.​2019.​03.​010

Meschini M, Prati F, Simoncini GA, Airi V, Caroselli E, Prada F, 
Marchini C, Toffolo MM, Brnchini S, Brambilla V, Covi C, 
Goffredo S (2021) Environmental awareness gained during a 
citizen science project in touristic resorts is maintained after 3 
years since participation. Front Mar Sci. https://​doi.​org/​10.​3389/​
fmars.​2021.​584644

Michener WK, Blood ER, Bildstein KL et al (1997) Climate change, 
hurricanes and tropical storms and rising sea level in coastal 
wetlands. Ecol Appl 7:770–801. https://​doi.​org/​10.​2307/​22694​34

MOEFCC (2019) Ministry of environment, forest and climate change 
notification, p 59. http://​envir​onmen​tclea​rance.​nic.​in/​write​readd​
ata/​SCZMA​Docum​ent/​ICRZ_​Notif​icati​on2019.​pdf. Accessed 30 
Mar 2021

Mohan PM, Sojitra MU (2018) Whales and dugong sighting in 
Andaman Sea, off Andaman and Nicobar Islands. Open Access 
J Sci 2(4):274–280

Mondal T, Raghunathan C, Venkataraman K (2016) Diversity of 
Scleractinian corals in Great Nicobar Island, Andaman and 
Nicobar Islands, India. Proc Zool Soc India 69:205–216. https://​
doi.​org/​10.​1007/​s12595-​015-​0145-8

Mongabay (2017) Citizen scientists use mobile apps to help “green” 
the ocean https://​news.​monga​bay.​com/​2017/​09/​citiz​en-​scien​tists-​
use-​mobile-​apps-​to-​green-​the-​ocean/. Accessed 2 May 2019

Mongabay (2021) Leatherback turtles under threat as government 
considers ‘development’ in Little Andaman. https://​india.​monga​
bay.​com/​2021/​04/​leath​erback-​turtl​es-​under-​threat-​as-​gover​
nment-​consi​ders-​devel​opment-​in-​little-​andam​ans/. Accessed 5 
Apr 2022

Moraes O (2018) Blue carbon in area based coastal and marine 
management schemes—a review. J Indian Ocean Reg. https://​
doi.​org/​10.​1080/​19480​881.​2019.​16086​72

Mwangombe MG, Spilsbury J, Trott S, Nyunja J, Wambiji N, Collins 
T, Gomes I, Perez-Jorge S (2021) Cetacean research and citizen 
science in Kenya. Front Mar Sci. https://​doi.​org/​10.​3389/​fmars.​
2021.​642399

Nag SK, Nandy SK, Roy K et al (2019) Carbon balance of a sewage 
fed aquaculture wetland. Wetl Ecol Manag 27:311–322. https://​
doi.​org/​10.​1007/​s11273-​019-​09661-8

Namboothri N, Chandi M, Subramaniam D, Shanker K (2010) 
Leatherback turtles at South Bay, Little Andamans (2007–2010). 
ANET, pp 12

Nazareth E, D’Souza E, Arthur R, Jabado RW (2022) Distribution of 
the Critically Endangered Giant Guitarfish (Glaucostegus typus) 
based on Local Ecological Knowledge in the Andaman Islands. 
Ocean Coast Manage. https://​doi.​org/​10.​1016/j.​oceco​aman.​2022.​
106075

Nursey-Bray M, Palmer R, Pecl G (2018) Spot, log, map: assessing 
a marine virtual citizen science program against Reed’s 
best practice for stakeholder participation in environmental 
management. Ocean Coast Manag 151:1–9

Ocean Conservancy (2022) Fighting for trash free seas. https://​ocean​
conse​rvancy.​org/​trash-​free-​seas/​inter​natio​nal-​coast​al-​clean​up/​
clean​swell/ Accessed 16 Mar 2022.

Owen RP, Parker AJ (2018) Citizen science in environmental protection 
agencies. In: Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, 
Bonn A (eds) Citizen science: innovation in open science, society 
and policy. UCL Press, London. https://​doi.​org/​10.​14324/​111.​
97817​87352​339

PADI (2022) https://​www.​padi.​com/​cours​es/​dive-​again​st-​debris 
Accessed 16 Mar 2022

Panigrahy S, Murthy TVRS, Patel JG et al (2012) Wetlands of India: 
inventory and assessment at 1:50,000 scale using geospatial 

https://doi.org/10.1007/s10661-012-2948-7
https://doi.org/10.1007/s10661-012-2948-7
https://doi.org/10.1139/anc-2017-0001
https://doi.org/10.1016/j.marpolbul.2017.09.005
https://doi.org/10.1016/j.rsma.2018.08.011
https://doi.org/10.1007/s11273-020-09744-x
https://doi.org/10.1007/s11273-020-09744-x
https://mangrovedetectives.org/lessons/secret-agents/
https://mangrovedetectives.org/lessons/secret-agents/
https://doi.org/10.1007/s11802-013-2014-2
https://doi.org/10.1007/s11802-013-2014-2
https://doi.org/10.1890/110266
https://doi.org/10.1016/j.marpolbul.2018.01.059
https://doi.org/10.1016/j.marpolbul.2018.01.059
https://doi.org/10.1016/j.biocon.2016.05.015
https://doi.org/10.1890/110004
https://doi.org/10.1016/j.ecss.2019.03.010
https://doi.org/10.3389/fmars.2021.584644
https://doi.org/10.3389/fmars.2021.584644
https://doi.org/10.2307/2269434
http://environmentclearance.nic.in/writereaddata/SCZMADocument/ICRZ_Notification2019.pdf
http://environmentclearance.nic.in/writereaddata/SCZMADocument/ICRZ_Notification2019.pdf
https://doi.org/10.1007/s12595-015-0145-8
https://doi.org/10.1007/s12595-015-0145-8
https://news.mongabay.com/2017/09/citizen-scientists-use-mobile-apps-to-green-the-ocean/
https://news.mongabay.com/2017/09/citizen-scientists-use-mobile-apps-to-green-the-ocean/
https://india.mongabay.com/2021/04/leatherback-turtles-under-threat-as-government-considers-development-in-little-andamans/
https://india.mongabay.com/2021/04/leatherback-turtles-under-threat-as-government-considers-development-in-little-andamans/
https://india.mongabay.com/2021/04/leatherback-turtles-under-threat-as-government-considers-development-in-little-andamans/
https://doi.org/10.1080/19480881.2019.1608672
https://doi.org/10.1080/19480881.2019.1608672
https://doi.org/10.3389/fmars.2021.642399
https://doi.org/10.3389/fmars.2021.642399
https://doi.org/10.1007/s11273-019-09661-8
https://doi.org/10.1007/s11273-019-09661-8
https://doi.org/10.1016/j.ocecoaman.2022.106075
https://doi.org/10.1016/j.ocecoaman.2022.106075
https://oceanconservancy.org/trash-free-seas/international-coastal-cleanup/cleanswell/
https://oceanconservancy.org/trash-free-seas/international-coastal-cleanup/cleanswell/
https://oceanconservancy.org/trash-free-seas/international-coastal-cleanup/cleanswell/
https://doi.org/10.14324/111.9781787352339
https://doi.org/10.14324/111.9781787352339
https://www.padi.com/courses/dive-against-debris


50	 Environmental Sustainability (2024) 7:31–51

techniques. Curr Sci 102:852–856. https://​curre​ntsci​ence.​ac.​in/​
Volum​es/​102/​06/​0852.​pdf

Parkinson JE, Yang S, Kawamura I et al (2016) A citizen science 
approach to monitoring bleaching in the Zoantharian Palythoa 
tuberculosa. Peer J 4:e1815. https://​doi.​org/​10.​7717/​peerj.​1815

Patankar VJ (2019) Attitude, perception, and awareness of stakeholders 
towards the protected marine species in the Andaman Islands. 
Ocean Coast Manag. https://​doi.​org/​10.​1016/j.​oceco​aman.​2019.​
104830

Patel JG, Panigrahy S, Parihar JS (2015) National wetland database 
and information system: a step towards integrated planning for 
conservation of wetlands in India. J Geomat 9:184–192

Paul M (2018) The protection of sandy shores- can we afford to ignore 
the contribution of seagrass? Mar Pollut Bull 134:152–159. 
https://​doi.​org/​10.​1016/j.​marpo​lbul.​2017.​08.​012

Ragavan P, Saxena A, Mohan PM, Coomar T, Ragavan A (2013) Leaf 
reddening in seagrasses of Andaman and Nicobar Islands. Trop 
Ecol 54(2):269–275

Ragavan P, Saxena A, Jayaraj RSC, Mohan PM, Ravichandran K, 
Saravanan S, Vijayaraghavan A (2016) A review of the mangrove 
floristics of India. Taiwania 61:224–242. https://​doi.​org/​10.​6165/​
tai.​2016.​61.​224

Ragavan P, Sivakumar K, Jayaraj RSC et al (2019) Carbon storage 
potential of mangroves- are we missing the boat. Curr Sci 
116:889–891

Raghunathan C, Kumar SS, Kannan SD, Mondal T, Sreeraj CR, 
Raghuraman R, Venkataraman K (2013) Mass stranding of 
pilot whale Globicephala macrorhynchus Gray, 1846 in North 
Andaman Coast. Curr Sci 104:37–41

Raghunathan C, Mondal T, Chandra K (2021) Invasion and potential 
risks of introduced exotic aquatic species in Indian Islands. Aquat 
Ecosyst Health Manag 24(2):76–85

Rajan PT, Sreeraj CR (2014) Invasive freshwater fishes and its threats 
to the biological diversity in Andaman and Nicobar Islands. J 
Andaman Sci Assoc 19:88–98

Rajan PT, Sreeraj CR, Immanuel T (2013) Fishes of Andaman and 
Nicobar Islands: a checklist. J Andaman Sci Assoc 18:47–87

Ramakrishnan R, Gladston Y, Kumar NL, Rajput P, Murali RM, 
Rajawat AS (2020) Impact of 2004 co-seismic coastal uplift 
on the mangrove cover along the North Andaman Islands. Reg 
Environ Chang. https://​doi.​org/​10.​1007/​s10113-​020-​01608-7

Ramesh R, Banerjee K, Selvam AP et al (2018) Legislation and policy 
options for conservation and management of seagrass ecosystems 
in India. Ocean Coast Manag 159:46–50. https://​doi.​org/​10.​
1016/j.​oceco​aman.​2017.​12.​025

Ramsar Convention Secretariat (2016) An introduction to the 
Convention on Wetlands (previously The Ramsar Convention 
manual). Ramsar Convention Secretariat, Gland, Switzerland. 
Available: https://​www.​ramsar.​org/​sites/​defau​lt/​files/​docum​
ents/​libra​ry/​handb​ook1_​5ed_​intro​ducti​ontoc​onven​tion_e.​pdf. 
Accessed 30 Dec 2019

Rasquinha DN, Mishra DR (2021) Impact of wood harvesting on 
mangrove forest structure, composition, and biomass dynamics in 
India. Est Coast Shelf Sci 248:106974. https://​doi.​org/​10.​1016/j.​
ecss.​2020.​106974

Reefcheckaustralia (2021) https://​www.​reefc​hecka​ustra​lia.​org/​about. 
Accessed 31 Dec 2021

Reefcitizensciencealliance (2022) Mangrove Watch. https://​www.​
reefc​itize​nscie​nce.​org/​organ​isati​ons/​mangr​ovewa​tch. Accessed 
17 Mar 2022

Renzi JJ, He Q, Silliman BR (2019) Harnessing positive species 
interactions to enhance coastal wetland restoration. Front Ecol 
Environ 7:131. https://​doi.​org/​10.​3389/​fevo.​2019.​00131

Resnik DB, Elliott KC, Miller AK (2015) A framework for addressing 
ethical issues in citizen science. Environ Sci Policy 54:475–481

Roche J, Bell L, Galvao C, Golumbic YN, Kloetzer L, Knoben N, 
Laakso M, Lorke J, Mannion G, Massetti L, Mauchline A, Pata 
K, Ruck A, Taraba P, Winter S (2020) Citizen science, education, 
and learning: challenges and opportunities. Front Sociol. https://​
doi.​org/​10.​3389/​fsoc.​2020.​613814

Romanach SS, DeAngelis DL, Koh HL, Li Y, The SY, Barizan RSR, 
Zhai L (2018) Conservation and restoration of mangroves: global 
status, perspectives, and prognosis. Ocean Coast Manag. https://​
doi.​org/​10.​1016/j.​oceco​aman.​2018.​01.​009

Ross PM, Adam P (2013) Climate change and intertidal wetlands. 
Biology 2:445–480. https://​doi.​org/​10.​3390/​biolo​gy201​0445

Roundglassustain (2022) Sippighat wetland: A bird haven created by 
the tsunami. https://​round​glass​susta​in.​com/​conse​rvati​ons/​sippi​
ghat-​wetla​nd. Accessed 9 Sep 2023

Rowland K (2012) Citizen science goes extreme. Nature. https://​doi.​
org/​10.​1038/​nature.​2012.​10054

Roy SD, Krishnan P (2005) Mangrove stands of Andamans vis-à -vis 
tsunami. Curr Sci 89:1800–1804

Roy SD, George G, Soundararajan R et al (2014) Status of Coral 
Reefs in Andaman after two major catastrophic events-Tsunami 
of December, 2004 and bleaching of May, 2005. Ecol Environ 
Conserv 20:539–544

Roy SD, Krishnan P, Patro S et al (2017a) Wetlands of small Island 
nations in South Asia vis-a-vis the mainland and Island groups 
in India: Status and conservation strategies. In: Prusty et al (eds) 
Wetlands Science Perspectives from South Asia. Springer, New 
Delhi, pp 31–48. https://​doi.​org/​10.​1007/​978-​81-​322-​3715-0

Roy SD, Krishnan P, Velmurugan A et al (2017b) Wetlands of tropical 
Islands under changing climate: a case from Nicobar group of 
Islands. In: Prusty et al (eds) Wetlands science. Perspectives from 
South Asia. Springer, New Delhi, pp 205–224. https://​doi.​org/​10.​
1007/​978-​81-​322-​3715-0

Rubio-Iglesias J, Edovald T, Grew R, Kark T, Kideys AE, Peltola T, 
Volten H (2020) Citizen science and environmental protection 
agencies: engaging citizens to address key environmental 
challenges. Front Clim. https://​doi.​org/​10.​3389/​fclim.​2020.​
600998

Sachithanandam V, Mageswaran T, Sridhar R, Purvaja R, Ramesh 
R (2014) Assessment of cyclone Lehar’s impact on seagrass 
meadows in Ross and Smith Islands, North Andaman. 
Nat Hazards 72:1253–1258. https://​doi.​org/​10.​1007/​
s11069-​014-​1040-8

Sandahl A, Tottrup AP (2020) Marine citizen science: recent 
developments and future recommendations. Citizen Sci Theory 
Pract 5(1):24. https://​doi.​org/​10.​5334/​cstp.​270

Saravanan K, Kiruba-Sankar R, Khan MJ, Hashmi AS, Velmurugan 
A, Haridas H, Prakasan S, Deepitha RP, Laxmi MNV (2021) 
Baseline assessment of marine debris with soil, sediment, and 
water quality characteristics from the fish landing centres of 
South Andaman, Andaman archipelago, India. Mar Poll Bull. 
https://​doi.​org/​10.​1016/j.​marpo​lbul.​2021.​112879

Savurirajan M, Lakra RK, Ganesh T (2015) A new record of the 
seagrass Halophila beccarii Ascherson from the Port Blair coast, 
Andaman and Nicobar Islands, India. Bot Mar 58:409–413. 
https://​doi.​org/​10.​1515/​bot-​2014-​0076

Scyphers SB, Powers SP, Akins JL et al (2015) The role of citizens in 
detecting and responding to a rapid marine invasion. Conserv 
Lett 8:242–250. https://​doi.​org/​10.​1111/​conl.​12127

Seagrass-spotter (2021) https://​seagr​asssp​otter.​org/ Accessed 15 Mar 
2022

Seagrass-Watch (2022) https://​www.​seagr​asswa​tch.​org/​seagr​asswa​tch/. 
Accessed 15 Mar 2022

Seetharaman P, Sarma K, George G, Krishnan P, Roy SD, Sankar K 
(2015) Impact of coastal pollution on microbial and mineral 
profile of edible oyster (Crassostrea rivularis) in the Coastal 

https://www.jstor.org/stable/24084499
https://www.jstor.org/stable/24084499
https://doi.org/10.7717/peerj.1815
https://doi.org/10.1016/j.ocecoaman.2019.104830
https://doi.org/10.1016/j.ocecoaman.2019.104830
https://doi.org/10.1016/j.marpolbul.2017.08.012
https://doi.org/10.6165/tai.2016.61.224
https://doi.org/10.6165/tai.2016.61.224
https://doi.org/10.1007/s10113-020-01608-7
https://doi.org/10.1016/j.ocecoaman.2017.12.025
https://doi.org/10.1016/j.ocecoaman.2017.12.025
https://www.ramsar.org/sites/default/files/documents/library/handbook1_5ed_introductiontoconvention_e.pdf
https://www.ramsar.org/sites/default/files/documents/library/handbook1_5ed_introductiontoconvention_e.pdf
https://doi.org/10.1016/j.ecss.2020.106974
https://doi.org/10.1016/j.ecss.2020.106974
https://www.reefcheckaustralia.org/about
https://www.reefcitizenscience.org/organisations/mangrovewatch
https://www.reefcitizenscience.org/organisations/mangrovewatch
https://doi.org/10.3389/fevo.2019.00131
https://doi.org/10.3389/fsoc.2020.613814
https://doi.org/10.3389/fsoc.2020.613814
https://doi.org/10.1016/j.ocecoaman.2018.01.009
https://doi.org/10.1016/j.ocecoaman.2018.01.009
https://doi.org/10.3390/biology2010445
https://roundglasssustain.com/conservations/sippighat-wetland
https://roundglasssustain.com/conservations/sippighat-wetland
https://doi.org/10.1038/nature.2012.10054
https://doi.org/10.1038/nature.2012.10054
https://doi.org/10.1007/978-81-322-3715-0
https://doi.org/10.1007/978-81-322-3715-0
https://doi.org/10.1007/978-81-322-3715-0
https://doi.org/10.3389/fclim.2020.600998
https://doi.org/10.3389/fclim.2020.600998
https://doi.org/10.1007/s11069-014-1040-8
https://doi.org/10.1007/s11069-014-1040-8
https://doi.org/10.5334/cstp.270
https://doi.org/10.1016/j.marpolbul.2021.112879
https://doi.org/10.1515/bot-2014-0076
https://doi.org/10.1111/conl.12127
https://seagrassspotter.org/
https://www.seagrasswatch.org/seagrasswatch/


51Environmental Sustainability (2024) 7:31–51	

Waters of Andaman. Bull Environ Contam Toxicol. https://​doi.​
org/​10.​1007/​s00128-​015-​1601-x

Sherbinin AD, Bowser A, Chuang T, Cooper C, Danielsen F, Edmunds 
R, Elias P, Faustman C, Hultquist C, Mondardini R, Popescu 
I, Shonowo A, Sivakumar K (2021) The critical importance of 
citizen science data. Front Clim. https://​doi.​org/​10.​3389/​fclim.​
2021.​650760

Show H (2015) Rise of the citizen scientist. Nature 524(7565):265–265
Silkamaki J, Sanchirico JN, Jardine SL (2012) Global economic 

potential for reducing carbon dioxide emission from mangrove 
loss. Proc Natl Acad Sci 109:14369–14374. https://​doi.​org/​10.​
1073/​pnas.​12005​19109

Sreeraj CR, George G, Krishnan P, Kaliyamoorthy M, Raghuraman 
R (2017) Monitoring and assessment of emerging diseases in 
scleractinian corals of Andaman and Nicobar Islands. Indian J 
Geo Mar Sci 46(09):1818–1826

Stelk MJ, Christie J (2016) Challenges and solutions in coastal 
wetlands—findings, gaps and priorities. Association of state 
wetland managers, Windham

Surendran H, Vasudevan K (2013) Recent introduction and spread of 
Indian bullfrog Hoplobatrachus tigerinus (Daudin, 1802) into the 
Andaman Islands. Aliens Invasive Species Bull-IUCN 33:42–43

Swaminathan A, Thesorow S, Watha S, Manoharakrishnan M, 
Namboothri N, Chandi M (2017) Current status and distribution 
of threatened Leatherback turtles and their nesting beaches in the 
Nicobar group of islands. Indian Ocean Turtle Newslett 26:12–18

Swaminathan A, Namboothri N, Shanker K (2019) Tracking 
leatherback turtles from Little Andaman Island. Indian Ocean 
Turtle Newslett 29:8–10

Swaminathan A (2018) Tracking a hundred-million-year-old giant. 
Hornbill (April-June) 66–69

The Andaman and Nicobar Islands (2016) Citizen-science: a new mode 
of action-based environmental education. https://​andam​ansbl​
og.​wordp​ress.​com/​2016/​11/​25/​citiz​en-​scien​ce-a-​new-​mode-​of-​
action-​based-​envir​onmen​tal-​educa​tion/ Accessed 11 Mar 2022

The Rufford Foundation (2016) Harnessing the Recreational Diver 
Community in India for Coral Reef Monitoring: Creating a 
Citizen Science Protocol for the Andaman Islands. https://​www.​
ruffo​rd.​org/​proje​cts/​nayan​tara-​jain/​harne​ssing-​the-​recre​ation​al-​
diver-​commu​nity-​in-​india-​for-​coral-​reef-​monit​oring-​creat​ing-
a-​citiz​en-​scien​ce-​proto​col-​for-​the-​andam​an-​islan​ds/ Accessed 
11 Mar 2022

The World Bank (2021) Mangrove Conservation and Restoration: 
Protecting Indonesia’s “Climate Guardians”https://​www.​world​
bank.​org/​en/​news/​featu​re/​2021/​07/​26/​mangr​ove-​conse​rvati​on-​
and-​resto​ration-​prote​cting-​indon​esia-​clima​te-​guard​ians Accessed 
8 Mar 2022

Theobald EJ, Ettinger AK, Burgess HK, DeBey LB, Schmidt NR, 
Froehlich HE, Wagner C, HilleRisLambers J, Tewksbury 
J, Harsch MA, Parrish JK (2015) Global change and local 
solutions: tapping the unrealized potential of citizen science for 
biodiversity research. Biol Cons 181:236–244

Thornhill I, Loiselle S, Clymans W et al (2019) How citizen science 
can enrich freshwater science as sensors, collaborators and co- 
creators. Freshw Sci 38:231–235. https://​doi.​org/​10.​1086/​703378

Times of India (2016) Aamkunj beach, Rangat https://​times​ofind​ia.​
india​times.​com/​travel/​Andam​an%​20And%​20Nic​obar%​20Isl​ands/​
Aamku​nj-​Beach-​Rangat/​ps366​47497.​cms Accessed 5 Apr 2022

Tulloch AIT, Possingham HP, Joesph LN, Szabo J, Martin TG (2013) 
Realizing the full potential of citizen science monitoring 
programs. Biol Conserv 165:128–138. https://​doi.​org/​10.​1016/j.​
biocon.​2013.​05.​025

Turicchia E, Cerrano C, Ghetta M, Abbiati M, Ponti M (2021) Medsens 
index: the bridge between marine citizen science and coastal 
management. Ecol Indic. https://​doi.​org/​10.​1016/j.​ecoli​nd.​2020.​
107296

University of Virgin Islands (2022) Citizen science. https://​www.​uvi.​
edu/​commu​nity/​virgin-​islan​ds-​marine-​advis​ory-​servi​ce/​citiz​en_​
scien​ce.​aspx Accessed 17 Mar 2022

Unsworth RKF, McKenzie LJ, Cillier CJ et al (2019) Global challenges 
for seagrass conservation. Ambio. https://​doi.​org/​10.​1007/​
s13280-​018-​1115-y

Vattakaven T, Barve V, Ramaswami G, Singh P, Jagannathan S, 
Dhandapani B (2022) Best practices for data management in 
citizen science: An Indian outlook. Biodivers Inform 17:27–34 
(C, 9)

Veeckman C, Talboom S, Gijsel L, Devoghel H, Duerinckx A 
(2019) Communication in citizen science. A practical guide to 
communication and engagement in citizen science. SCIVIL, 
Leuven, p 58 (ISBN: 9789463965613)

Veettil BK, Van DD, Quang NX, Hoai PN (2020) Spatiotemporal 
dynamics of mangrove forests in the Andaman and Nicobar 
Islands (India). Reg Stud Mar Sci. https://​doi.​org/​10.​1016/j.​
rsma.​2020.​101455

Velde TVD, Milton DA, Lawson TJ, Wilcox C, Lansdell M, Davis G, 
Perkins G, Hardesty BD (2017) Comparison of marine debris 
data collected by researchers and citizen scientists: Is citizen 
science data worth the effort? Biol Conserv. https://​doi.​org/​10.​
1016/j.​biocon.​2016.​05.​025

Wagh T, Shanker K, Namboothri N (2022) REEF LOG: an underwater 
citizen science programme for monitoring India’s marine 
ecosystems. Dakshin Foundation. https://​www.​daksh​in.​org/​
under​water-​citiz​en-​scien​ce-​desig​ning-​long-​term-​stake​holder-​
based-​monit​oring-​schem​es-​for-​indias-​marine-​system/. Accessed 
31 Dec 2022

Wallner-Hahn S, Torre-Castro MDL (2018) Early steps for successful 
management in small-scale fisheries: an analysis of fishers’, 
managers’ and scientists’ opinions preceding implementation. 
Mar Pollut Bull 134:186–196. https://​doi.​org/​10.​1016/j.​marpo​
lbul.​2017.​07.​058

Westreicher F, Cieslinski M, Ernst M, Frigerio D, Heinisch B, 
Hübner T and Rüdisser J (2021) Recognizing failures in citizen 
science projects: Lessons learned. In: Proceedings of Science, 
ACSC2020, p 7

Wetlands International (2020) https://​south-​asia.​wetla​nds.​org/​news/​
join-​us-​for-​the-​asian-​water​bird-​census-​2021/. Accessed 8 Sep 
2023

Wiggins A and Crowston K (2011) From conservation to crowd 
sourcing: a typology of citizen science. In: System Sciences 
(HICSS), 2011 44th Hawaii International Conference on, pp 
1–10

Wiggins A, Newman G, Stevenson RD, Crowston K (2011) 
Mechanisms for data quality and validation in citizen science. 
In: e-Science Workshops (eScienceW), 2011 IEEE Seventh 
International Conference on, pp 14–19

Yuvaraj E, Dharanirajan K, Narshimulu S, Narshimulu G (2015) 
Post disaster assessment of impact of cyclone Lehar in South 
Andaman Island. Curr Sci 108:85–90

Zooniverse (2022) The community seagrass initiative-seagrass 
explorer. https://​www.​zooni​verse.​org/​proje​cts/​mark-​dot-​parry/​
the-​commu​nity-​seagr​ass-​initi​ative-​seagr​ass-​explo​rer/​about/​resea​
rch Accessed 15 Mar 2022

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1007/s00128-015-1601-x
https://doi.org/10.1007/s00128-015-1601-x
https://doi.org/10.3389/fclim.2021.650760
https://doi.org/10.3389/fclim.2021.650760
https://doi.org/10.1073/pnas.1200519109
https://doi.org/10.1073/pnas.1200519109
https://andamansblog.wordpress.com/2016/11/25/citizen-science-a-new-mode-of-action-based-environmental-education/
https://andamansblog.wordpress.com/2016/11/25/citizen-science-a-new-mode-of-action-based-environmental-education/
https://andamansblog.wordpress.com/2016/11/25/citizen-science-a-new-mode-of-action-based-environmental-education/
https://www.rufford.org/projects/nayantara-jain/harnessing-the-recreational-diver-community-in-india-for-coral-reef-monitoring-creating-a-citizen-science-protocol-for-the-andaman-islands/
https://www.rufford.org/projects/nayantara-jain/harnessing-the-recreational-diver-community-in-india-for-coral-reef-monitoring-creating-a-citizen-science-protocol-for-the-andaman-islands/
https://www.rufford.org/projects/nayantara-jain/harnessing-the-recreational-diver-community-in-india-for-coral-reef-monitoring-creating-a-citizen-science-protocol-for-the-andaman-islands/
https://www.rufford.org/projects/nayantara-jain/harnessing-the-recreational-diver-community-in-india-for-coral-reef-monitoring-creating-a-citizen-science-protocol-for-the-andaman-islands/
https://www.worldbank.org/en/news/feature/2021/07/26/mangrove-conservation-and-restoration-protecting-indonesia-climate-guardians
https://www.worldbank.org/en/news/feature/2021/07/26/mangrove-conservation-and-restoration-protecting-indonesia-climate-guardians
https://www.worldbank.org/en/news/feature/2021/07/26/mangrove-conservation-and-restoration-protecting-indonesia-climate-guardians
https://doi.org/10.1086/703378
https://timesofindia.indiatimes.com/travel/Andaman%20And%20Nicobar%20Islands/Aamkunj-Beach-Rangat/ps36647497.cms
https://timesofindia.indiatimes.com/travel/Andaman%20And%20Nicobar%20Islands/Aamkunj-Beach-Rangat/ps36647497.cms
https://timesofindia.indiatimes.com/travel/Andaman%20And%20Nicobar%20Islands/Aamkunj-Beach-Rangat/ps36647497.cms
https://doi.org/10.1016/j.biocon.2013.05.025
https://doi.org/10.1016/j.biocon.2013.05.025
https://doi.org/10.1016/j.ecolind.2020.107296
https://doi.org/10.1016/j.ecolind.2020.107296
https://www.uvi.edu/community/virgin-islands-marine-advisory-service/citizen_science.aspx
https://www.uvi.edu/community/virgin-islands-marine-advisory-service/citizen_science.aspx
https://www.uvi.edu/community/virgin-islands-marine-advisory-service/citizen_science.aspx
https://doi.org/10.1007/s13280-018-1115-y
https://doi.org/10.1007/s13280-018-1115-y
https://doi.org/10.1016/j.rsma.2020.101455
https://doi.org/10.1016/j.rsma.2020.101455
https://doi.org/10.1016/j.biocon.2016.05.025
https://doi.org/10.1016/j.biocon.2016.05.025
https://www.dakshin.org/underwater-citizen-science-designing-long-term-stakeholder-based-monitoring-schemes-for-indias-marine-system/
https://www.dakshin.org/underwater-citizen-science-designing-long-term-stakeholder-based-monitoring-schemes-for-indias-marine-system/
https://www.dakshin.org/underwater-citizen-science-designing-long-term-stakeholder-based-monitoring-schemes-for-indias-marine-system/
https://doi.org/10.1016/j.marpolbul.2017.07.058
https://doi.org/10.1016/j.marpolbul.2017.07.058
https://south-asia.wetlands.org/news/join-us-for-the-asian-waterbird-census-2021/
https://south-asia.wetlands.org/news/join-us-for-the-asian-waterbird-census-2021/
https://www.zooniverse.org/projects/mark-dot-parry/the-community-seagrass-initiative-seagrass-explorer/about/research
https://www.zooniverse.org/projects/mark-dot-parry/the-community-seagrass-initiative-seagrass-explorer/about/research
https://www.zooniverse.org/projects/mark-dot-parry/the-community-seagrass-initiative-seagrass-explorer/about/research

	The benefits and challenges of citizen science for coastal wetlands management in Andaman and Nicobar archipelago—a review
	Abstract
	Introduction to the coastal wetlands
	Coastal wetlands of Andaman and Nicobar Islands (ANI)
	Concerns arising in the coastal wetlands of ANI
	The concept and practice of citizen science
	Citizen science initiatives in the Andaman and Nicobar archipelago
	Review of relevant areas for citizen science in ANI
	Coral reef monitoring
	Monitoring the mangroves
	Monitoring seagrass meadows
	Addressing the issue of marine debris
	Marine mammal sightings
	Tracking the invasive species
	Turtle conservation programs
	Key considerations in citizen science projects
	Volunteer identification
	Understanding the knowledge level of volunteers
	Quality of data collection

	Error and bias due to variation in observer quality
	Methods for improving data analysis for volunteer data
	Source of funding
	Training needs of the volunteers
	Infrastructure
	Linking citizen science with environmental programs
	Drivers for volunteer participation
	Failures in citizen science

	Future directions
	Conclusion
	Acknowledgements 
	References




