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ARTICLE INFO ABSTRACT
Keywords: The Andaman Islands in India offer a unique case for studying mangrove social-ecological system (SES) gover-
Environmental governance nance due to their expansive mangrove cover of 600 km? (~12 % of India’s mangrove area), multicultural

Land subsidence

Land uplift

Mangrove restoration
Sea level change
Social-ecological systems

population, centralised governance from mainland India, and the 2004 earthquake and tsunami’s transformative
impacts on the islands. This study examines multiple stakeholder perceptions of mangrove SES governance, its
challenges, and changes caused by the 2004 seismic event’s subsidence and uplift. Further, we discuss strategies
for addressing the governance challenges. We conducted and analysed 62 in-depth semi-structured interviews
with diverse stakeholders in areas affected by subsidence and uplift, supplemented by a document analysis of
scientific literature, regulations and policies. Findings show that while mangrove tree harvesting is prohibited,
the mangrove fisheries sector remains under-regulated and poorly monitored. Mangrove planting by the Forest
Department increased post-tsunami, driven by the recognition of coastal protection services, but often failed due
to non-adaptation to elevation changes. Key governance challenges include top-down exclusionary management
by the Forest Department, regulatory ambiguities over mangrove resources, lack of cross-sectoral collaboration,
limited community participation due to complex settler histories, and stakeholder conflicts over resource use and
ownership. These challenges are exacerbated by the 2004 seismic event. To overcome these barriers, clear
resource management guidelines, scientific assessments and input, regular monitoring and improved stakeholder
communication and participation are essential for fair decision-making and consistent implementation.

1. Introduction bacteria) present in intertidal zones in tropical, sub-tropical, and warm
temperate coastal areas (Dahdouh-Guebas et al., 2021). They are vital

Mangrove ecosystems constitute a group of plants, associated fauna for sustaining coastal populations and livelihoods, directly or indirectly,
(e.g. fish, crustaceans, molluscs) and other organisms (e.g fungi, by providing diverse ecosystem services, including fishery resources,
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coastal protection, and cultural services (zu Ermgassen et al., 2021;
Friess et al., 2024). Viewing mangroves as a ‘social-ecological system’
(SES) considers the interactions between the natural ecosystem and
multiple human stakeholders and their associated governance structures
(Santos et al., 2017; Dahdouh-Guebas et al., 2021; Mafaziya Nijamdeen
et al., 2024).

The governance and management of mangrove SESs is challenging
given the diverse stakeholders with differing perceptions and interests,
the overlap of marine and terrestrial resources, and the resulting am-
biguities in resource use and tenure (Golebie et al., 2021; Mafaziya
Nijamdeen et al., 2023a). Understanding governance requires insight
into ‘who’ makes decisions, ‘what’ their powers and responsibilities are,
and ‘how’ decisions are made and exercised (or not) (Bennett and Sat-
terfield, 2018). The effectiveness of these decisions depends on how it is
perceived by multiple stakeholders and whether resulting policies and
processes address local needs (Bennett et al., 2017; Schoon and Cox,
2018). Additionally, with increasing natural and anthropogenic
stressors impacting mangrove SESs, governance and management need
to adapt to these changing contexts to be effective (Poti et al., 2022).

The Andaman Islands in India offer a distinct case for studying
mangrove SES governance. This is because the islands are characterised
by an expansive mangrove cover of over 600 km? constituting 12 % of
India’s mangrove area (Forest Survey of India, 2023), presence in a
seismically active region, a multicultural population, complex migration
histories, livelihood dependence on agriculture, fisheries and tourism,
and centralised governance with a distant decision-making centre
(Oommen and Ramesh, 2019; Deol, 2021). According to the India State
of Forest Report (Forest Survey of India, 2023), there has been a loss of
357 km? (37 %) of mangrove cover in the islands between 1989 and
2019. Specifically, the loss attributed to natural drivers associated with
the 2004 seismic event was approximately 190 km? (Singh et al,,
2024a), in addition to anthropogenic stressors such as land use change
for agriculture and settlements.

The 2004 Sumatra-Andaman earthquake (9.1-9.3 Mw) and tsunami
severely affected the archipelago’s coastal ecosystems (Sankaran et al.,
2005). The Andaman and Nicobar Islands (ANI), situated around 100 km
from the epicentre, bore the brunt of the disaster, enduring
high-intensity tsunami waves, some as tall as 10 m, along with land
subsidence and uplift (Roy and Krishnan, 2005; Porwal et al., 2012).
This led to varied impacts across the islands, with some areas subsiding
in South Andaman by 0-1 m, remaining unaffected in Middle Andaman,
or being uplifted in North Andaman by 0-1.35 m (Malik et al., 2006;
Rajendran et al., 2007). These abrupt changes in ground elevation
altered sea levels and tidal patterns, significantly disturbing and
degrading mangroves (Ramakrishnan et al., 2020; ShivaShankar et al.,
2020). Furthermore, it poses challenges for mangrove SES governance
and presents a unique case for understanding how people and gover-
nance perceive and respond to these drastic changes.

There is increasing ecological research on the impacts of the 2004
event on mangrove dynamics through field and remote sensing-based
studies in the islands (Ramachandran et al., 2005; Dharanirajan et al.,
2007; Ray and Acharyya, 2011; Majumdar et al., 2019; Ramakrishnan
et al., 2020; ShivaShankar et al., 2020; Nehru and Balasubramanian,
2018; Prabakaran et al., 2021; Nath et al., 2022; Singh et al., 2024a,
2024b, 2025; Thirumurugan et al., 2024). However, the stakeholder
perceptions and mangrove SES governance remains underexplored, both
generally and specifically in the context of the 2004 seismic event. In
this paper, we aim to provide an overview of mangrove SES governance
and its challenges; to analyse stakeholder perceptions of mangrove SES
change and governance responses (or lack thereof) in the aftermath of
the 2004 seismic event; and to discuss strategies in addressing mangrove
governance challenges. We specifically focus on degraded mangrove
areas that have experienced uplift and subsidence in the Andaman group
of islands (hereafter referred to as the ‘Andamans’ or ‘Andaman Islands’
or ‘the islands’) within the Andaman and Nicobar Islands (ANI).
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2. Materials and methods
2.1. Study site description

The Andaman Islands are situated approximately 1100 km East of
mainland India, in a seismically active area where geological forces
(volcanic activity, land subsidence and uplift) have influenced the
archipelago’s topography (Malik et al., 2006). With a total geographical
area of 6408 km?, the Andaman archipelago comprises 325 islands, 24
of which are inhabited, and are divided into two administrative districts:
North and Middle Andaman (3736 km?) and South Andaman (2672
km?) (Fig. 1).

The Andaman Islands are ecologically diverse and are part of the
Indo-Burma global biodiversity hotspot (Mittermeier et al., 2011), with
~11,000 animal taxa (over 1100 endemic species) and ~2649 plant taxa
(over 300 endemic species) reported (Ramakrishna et al., 2010; Botan-
ical Survey of India, 2020). Mangrove forests in the Andamans were
reported to comprise 35 true mangrove species and 4 hybrids (Ragavan
et al., 2018; Singh et al., 2024b).

Following India’s independence from British rule in 1947, the
Andamans along with the Nicobar Islands, transitioned to a Union
Territory, wherein decisions are made top-down and implemented by
the Government of India (Gol), which designates various administrative
departments within the islands (Aufschnaiter, 2020). In terms of societal
composition, the islands’ population of 400,000 people primarily com-
prises migrant settlers and their descendants from mainland India,
Bangladesh, Myanmar, and Sri Lanka, with a smaller population of
indigenous inhabitants belonging to five indigenous communities: the
Great Andamanese, the Jarawa, the Onge, the Sentinelese and the Nic-
obarese (Census of India, 2011; Advani, 2020). The indigenous com-
munities have experienced a persistent decline over the past 150 years
due to the colonial settlement regime on the islands (Vaidik, 2010). The
current settler population represents a heterogeneous mix of ethnicities
and linguistic communities, predominantly speaking Hindi, Bengali,
Tamil, Telugu, Malayalam and Karen, among other languages
(Directorate of Economics and Statistics, 2010).

2.2. Data collection

This study employed a qualitative approach, primarily drawing on
two key methods: semi-structured interviews and document analysis.
Semi-structured interviews were conducted with multiple stakeholders
involved in the use and governance of mangrove SESs in the Andaman
Islands (see Appendix 1 for the full interview guide). Complementing
this, a document analysis of secondary sources including technical re-
ports, government regulations, management plans, and policies was
carried out to contextualise and triangulate the findings.

The fieldwork was conducted in three distinct phases across the
islands: January to March 2020 and January to May 2022 in South
Andaman and January to May 2023 in North Andaman. This research
obtained all necessary ethical approvals and fieldwork permissions.
Ethical clearance was granted by the Université Libre de Bruxelles (File
No. 34805910), in coordination with the local collaborating organisa-
tions. The study was designed and conducted in collaboration with local
research and conservation organisations, including the Andaman Nic-
obar Environment Team (ANET), Dakshin Foundation, and the Wildlife
Institute of India. These partnerships contributed to the research design,
facilitated field access, and ensured alignment with local ecological and
socio-cultural contexts.

2.2.1. Selection of villages and participants

A total of seven villages were selected for interviews based on the
presence of mangrove forests, identified using Google Earth imagery and
previous studies that analysed mangrove distribution across the Anda-
man Islands (Majumdar et al., 2019; Ramakrishnan et al., 2020; Nath
etal., 2022; Singh et al., 2024b, 2025). The selection also considered the



M. Poti et al.
92“3(|)’0” E

LEGEND

@ Capital City

* Main Town / Hub

- Andaman Trunk Road

Jarawa Tribal Reserve

e Field Sites

NORTH

1 Wandoor ANDAMAN
2 Sippighat

3 Shoal Bay

__ 4 Hanspuri
13N 5 Hara Tikri
6  Jagannathdera
7 Chipo
MIDDLE
ANDAMAN
12°N
SOUTH
ANDAMAN
J
b
L3
|
92°30'0” E

Ocean and Coastal Management 269 (2025) 107786

93°0|’0" E

Qe N

13°N

A
7

INDIA MYANMAR

THAILAND
Andaman
Islands
Nicobar

SRILANKA |slands

Sumatm-Anaamn"‘iPONESlA
earthquake epicentre ~

|
93°0'0” E

Fig. 1. Map of the Andaman Islands, field sites and an inset showing neighbouring countries.

dependence of villagers on mangrove-based fisheries, verified through
local resource persons, the impact of tectonic shifts on mangrove eco-
systems, and the spatial distribution of villages across uplifted and
subsided sites informed by both satellite imagery and the aforemen-
tioned studies. The selected villages included four from uplifted sites in
North Andaman (Chipo, Jagannathdera, Hara Tikri and Hanspuri) and
three from subsided sites in South Andaman (Shoal Bay, Sippighat and
Wandoor) (Fig. 1). Notably, some of these selected villages were situated
in remote locations, requiring considerable time and effort to reach,
with hours of walking or boat rides being necessary. This intentional
inclusion of remote villages ensured a breadth of voices and knowledge
beyond the typical research hubs in the Andamans.

The research design included a purposive sampling strategy, a non-
probability sampling method involving the strategic selection of par-
ticipants considered relevant to answer the research questions related to
mangrove SESs, while ensuring the inclusion of diverse perspectives by
covering the predominant migrant settler communities and stakeholder

types (Bryman, 2016). Potential respondents were identified by
exploratory conversations in initial stages, followed by snowball sam-
pling to identify key informants, who then recommend relevant in-
dividuals for the interviews.

The types of respondents considered for the interviews were as
follows.

1. Individuals from villages close to mangroves that were affected by
coastal uplift and subsidence, considering their age, gender and
profession. These individuals included men and women who were
above 25 years of age, as well as elders, fishers, and mangrove mud
crab (Scylla spp.) collectors.

2. Representatives (retired or serving) from various government de-
partments, including the Forest, Fisheries and Revenue Depart-
ments—spanning officers and employees at various hierarchical
levels.

3. Academic mangrove researchers in the Andamans.
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4. Members of civil society actively engaged in mangrove-related work.

2.2.2. Conducting interviews

We used semi-structured interviews, a method that utilises pre-
determined interview guide to maintain a consistent focus across par-
ticipants, while also allowing interviewers the flexibility to probe deeper
into emerging topics or new lines of inquiry as the interview unfolds
(Young et al., 2018). This approach enables adaptable conversations
that yield diverse and context-specific responses, allowing researchers to
collect rich stories, narratives, and personal accounts from participants,
especially when exploring complex issues (Young et al., 2018; Tracy,
2019).

Each new village was entered with a local resource person from the
community, facilitating the establishment of trust. The interviews were
conducted in person in households, in tea shops, and government
stakeholders were interviewed in their offices. Before each interview,
participants were provided with a comprehensive explanation of the
study’s purpose, their roles (pertaining to mangrove stakeholder rele-
vance) and rights (including voluntary participation and withdrawal at
any time), and thereafter seeking their verbal informed consent (Wiles,
2013). We implemented measures to safeguard the confidentiality and
anonymity of participants by protecting their personally identifiable
information at all steps of the research.

The guiding interview questions were adapted based on context and
the stakeholder addressed. Broadly, the questions were related to
perceived changes in mangrove SESs and resources, the future of man-
groves and resources, perceptions of governance, relationships between
stakeholders and priorities for research and management (complete
interview guide in Appendix 1). Additional questions supported deeper
exploration and explanation of relevant areas as they arose from the
interview conversation. These questions were designed based on pre-
vious mangrove SES studies (e.g. Nfotabong-Atheull et al., 2011;
Trevino, 2022; Mafaziya Nijamdeen et al., 2023b) and preliminary
exploration of the islands. The interview guide was tested with 6 pilot
respondents and then modified based on their feedback. Responses from
the pilot respondents were not included in the analysis. The interviews
lasted between 19 and 125 min. In total, 62 interviews were conducted
(see Table 1 for more information on respondent profiles). We experi-
enced four refusals, with time constraints cited as the reason for each.
Translators were approached only when interviews were conducted in
languages such as Karen and Bengali, as most participants were
comfortable in Hindi, the language used for interviews, observations
and communication. Detailed running notes were taken, and most in-
terviews were recorded using a digital voice recorder (with the
permission of the respondent) and transcribed and translated at the
earliest convenience.

2.2.3. Document analysis

To complement our interviews, we conducted a document analysis to
extract content from relevant policy and regulatory materials. All doc-
uments were systematically reviewed to understand mangrove man-
agement and governance in the islands. The analysis also served to

Table 1
Profile of the interviewed respondents.

Respondent profile Number (N = 62)
Stakeholder type
Local communities (fishers, crabbers, elders) 38

—

W U W

Forest department officials (retired and serving)
Fisheries department officials

Revenue department officials

Researchers

Civil society members

Gender

Women 23
Men 39
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verify, triangulate, and corroborate information obtained through in-
terviews. Additionally, it informed the design of the interview guide and
helped identify key stakeholders.

The documents reviewed included Forest Department working plans,
national and island-level forest and fisheries policies, coastal develop-
ment plans, technical reports from governmental and non-governmental
organisations, and content from ANI administration websites. Sources
were selected based on their relevance to atleast one of these three main
policy domains: mangrove forest and fisheries management, post-2004
tsunami response, and coastal development planning. Specifically, we
analysed these documents to extract information on institutional roles
and responsibilities, regulatory frameworks, policy implementation,
post-disaster responses, and policy and coordination gaps. A list of the
reviewed documents, along with summaries, is provided in Appendix 2.
Several documents were not available online and were accessed through
in-person visits to Department head offices in Port Blair, the capital of
ANL

2.3. Data analysis

Qualitative data analysis was iterative, taking place at all stages of
the research, from fieldwork to writing, to help focus and shape the
study as it proceeded. The data were first prepared by translating and
transcribing all the interviews. Subsequently, the transcripts were
thoroughly examined through repeated readings, and brief visual sum-
maries were made for each interview (Appendix 3). Additionally, the
policy documents were analysed to extract relevant information
described in section 2.2.3. Qualitative data analysis involves breaking
down data into smaller units to uncover their characteristic elements
and structure (Creswell and Poth, 2017). This is done by labelling,
organising and interpreting data with reference to a set of ’codes,’
’categories,” or 'themes’. During this process, the first author used in
vivo coding, wherein segments of data were labelled descriptively or
conceptually into themes, using participants’ exact words or phrases
(Tracy, 2019). This approach facilitated the assignment of themes
directly reflecting participants’ perspectives (‘emic’ perspective; see
Tracy, 2019). Using axial coding, common themes were then identified,
grouped, and reorganised into broader thematic categories. The gener-
ated coding maps are presented in Appendix 4. Data analyses were
conducted using MaxQDA 2022 software (VERBI Software, 2021).

3. Results
3.1. Mangrove governance framework and administrative roles

The analysis of regulations, policies and stakeholder perceptions
suggests that mangrove governance in the Andamans involves three
primary administrative actors: the Forest Department, the Fisheries
Department, and the Revenue Department. The Forest Department holds
central authority in environmental resources, with approximately 88 %
(4954 kmz) of the islands’ land area (5629 kmz) classified as reserve
forests and protected areas under its jurisdiction (Directorate of Eco-
nomics and Statistics, 2023, Appendix 5). In contrast, only 6 % (338
km?) of the land area is allocated for private settlement and agriculture,
managed by the Revenue Department (Directorate of Economics and
Statistics, 2023).

Mangrove forests receive legal protection under key instruments
such as the Indian Forest Act 1927 (IFA), the Wildlife (Protection) Act
1972 (WLPA), and the Island Protection Zone Notification 2019 (IPZ)
(Department of Environment and Forests, 2016; summaries provided in
Table 2). The Forest Department enforces these laws, including a ban on
mangrove tree cutting established in 1986.

3.2. Stakeholder perceptions of mangrove governance

Interviews with local stakeholders emphasised the Forest
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Table 2
Summary of the management guidelines for mangroves in the Andaman Islands.

Regulatory/Policy Mechanism Explanation

Mangrove Cutting Ban Order 1986  Mangrove tree extraction and cutting is
prohibited.

Legal framework for the conservation and
management of forests in India.

The Act establishes the concept of ‘Reserved
Forests’, where the government/Forest
Department has exclusive control over the
land, and regulates activities such as grazing,
cultivation, fishing and timber extraction
within these areas.

Various penalties including fines and
imprisonment based on type of prohibited
activity.

Legal framework to designate certain areas as
‘Protected Areas’ which may include ‘National
Parks’, ‘Wildlife Sanctuaries’, ‘Conservation
Reserves’ and ‘Community Reserves’ where
special provisions are made for the protection
of flora and fauna.

Restricted activities, based on type of
protected area, may include hunting,
poaching, grazing, and any other form of
exploitation that could be detrimental to the
flora and fauna, including mangrove
ecosystems.

Fishing operations are prohibited in
designated protected areas.

Categorises islands by size, ecological
significance and population for regulating
developmental activities in these zones.
Mangroves fall under Zone 1 (ICRZ-IA) as
‘ecologically sensitive areas’.
Government-owned mangrove areas
exceeding 1000 m? require a 20 m buffer - for
public facilities such as developing parks,
laying pipe and transmission lines, road
construction on stilts, mangrove research and
conservation activities.

Indian Forest Act 1927 (IFA)

Wildlife (Protection) Act 1972
(WLPA)

Island Protection Zone Notification
2019 (IPZ)

Construction of roads on stilts in ICRZ-IA areas
allowed exceptionally for defence, strategic,
or public utility purposes, subject to detailed
impact assessments by relevant authorities. If
such roads affect mangroves, compensatory
plantation of at least three times the affected
area is mandatory.

Andaman and Nicobar Islands Provides guidelines to regulate fishing in
Marine Fishing Regulations of territorial waters, regulate mesh sizes and
2004 demarcate zones.

Every fishing vessel or boat for the purpose of

fishing in a specified area needs to be

registered and licensed.

Fishing Zone A (Territorial waters up to 6

nautical miles) - fishing vessels with 30HP

engines including traditional and non-
mechanised boats. Fishing gear permitted -

Gill net above 25 mm mesh size, hook and

line, shore seine/drag net of mesh size above

25 mm, fish traps.

Prohibited gear - knotless gill net made of

monofilament twine (‘plastic jal’) and barrier

nets made of mosquito net or cloth are not
allowed in coastal areas, estuary mouths and
creeks.

Crab size regulations - Syclla serrata below 8.4

cm carapace width; Scylla tranquebarica below

12.3 cm and any crab with egg mass in

abdomen not permitted.

Under the ‘Submerged Land’ classification -

lands submerged during the tsunami 2004 and

the lands which are prone to flooding during
monsoon and seasonal rains have been zoned
under this classification.

These lands are vulnerable to inundation and

hence they do not qualify for any construction

Port Blair Master Plan 2030
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Table 2 (continued)

Regulatory/Policy Mechanism Explanation

activity in the normal circumstances, to
protect the lives and properties from
calamities.

However, total prevention of development in
these lands will lead to reduction of
substantial extent of land for development
purposes. Therefore, the authority can
consider and grant permission for construction
activities in these lands on a case-to-case basis,
ensuring adequate protection in case of any
exigencies.

Department’s dominant role in mangrove management, which many
community members interpreted as exclusionary. Mangroves were
widely referred to as "property" that “belongs” to the Forest Department,
and the enforcement of strict rules without community engagement led
to feelings of apprehension and alienation. Interviewed officials
acknowledge their top-down approach, underscoring the necessity of
instilling fear in the public to assert authority.

All community members interviewed were aware of the ban on
mangrove cutting. When discussing mangroves on the islands, re-
spondents consistently emphasised that "cutting mangroves is absolutely
prohibited." They further elaborated on the heavy fines and potential
imprisonment associated with this offence (see for example Fig. 2).
However, responses from community members regarding the exact
amount of the fine varied, ranging from 50 INR to 50,000 INR. Ac-
cording to the document analysis, the IFA 1927 (recently proposed for
amendment in 2019) states that illegal tree felling in Reserve Forest

Fig. 2. Photo of an installation in the Forest Department Interpretation Centre
at Wright Myo, South Andaman that exemplifies the role of the Forest
Department as the main mangrove regulatory actor in the islands and the
mangrove cutting ban. Photograph taken by Meenakshi Poti (March 17, 2022).
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areas can incur a fine of up to 500 INR' and, in some cases, imprison-
ment for up to 6 months (Table 2). A Range Forest Officer noted that this
fine was insufficient and advocated for updating laws to reflect current
economic conditions.

While restrictions on the use of mangrove forest resources are widely
acknowledged by stakeholders, the governance of fishing activities
within mangrove areas is perceived as less stringent and poorly defined.
Respondents indicated that rules related to mangrove and creek fishing
are unclear and rarely enforced. The Andaman and Nicobar Islands
Marine Fishing Regulation 2004 (MFR) categorises fishing zones and
prohibits specific fishing gear in designated areas; however, it does not
include explicit provisions governing fishing within mangrove ecosys-
tems or creeks (Table 2). Furthermore, despite the economic significance
of the mangrove crab fishery sector in the Andamans, multiple re-
spondents noted the absence of targeted policy measures addressing this
sector, with only a minimum harvestable size restriction under the MFR
2004.

Moreover, the rules regarding fishing in ‘Reserve Forest’ remain
unclear for all stakeholders. Eight Forest Department officials suggest
that fishing in Reserve Forest areas is prohibited based on the IFA 1927.
However, they further expressed that these rules are a grey area and
enforcement is limited because of the dependence on mangrove fishing
as a local livelihood, unless the activity transgresses into Protected Areas
designated by the WLPA 1972, which receive a higher protection status.
For example, in the surveyed village of Jagannathdera in North Anda-
man, crabbers reported sudden prohibitions imposed by the Forest
Department on crab catching in areas deemed ’'Reserve Forests’,
claiming no prior awareness of these rules. This contributed to uncer-
tainty and concerns about nonuniform enforcement and perceived in-
equities in access to mangrove resources.

3.3. Post-tsunami shifts in mangrove perceptions and governance

The 2004 earthquake and tsunami are widely recognised as ‘turning
points’ in the island’s history, often referred to as the ‘pre-tsunami’ and
‘post-tsunami’ periods by interview respondents. The seismic event’s
effects are evident in topographical changes, including land subsidence
and uplift, as well as economic transformations resulting from aid and
damage. Memories of the catastrophic event, witnessed by each
respondent, remain vivid in the collective consciousness, recounted with
a level of detail as if it occurred yesterday. Moreover, the lived experi-
ence of the tsunami has instilled an appreciation for mangroves among
stakeholders. All 49 local community respondents highlighted the
importance of mangroves as protective barriers against tsunamis, cy-
clones, and storms.

3.3.1. Post-tsunami mangrove restoration initiatives

In the years following the tsunami, the Forest Department initiated
large-scale mangrove restoration projects. According to 11 respondents
from the Forest Department, mangrove restoration efforts and funding
increased in the Andamans after the tsunami, driven by the recognition
of their coastal protection role. Secondary data suggests that funding for
mangrove and littoral forest conservation increased by 6 times between
2009 and 2020 (data pre-2009 was not accessible) (Department of
Environment and Forests, 2019, Appendix 6). According to Forest De-
partment’s working plans, each administrative division is tasked with
planting at least 2 ha of mangroves annually (Department of Environ-
ment and Forests, 2016). However, challenges emerged in the execution
of these projects. In pursuit of meeting these targets, the Forest
Department embarked on several failed restoration attempts. Ongoing
research and field observations by the author team suggest that these
restoration failures are largely due to the selection of unsuitable sites

1 1 INR = 0.011 EUR (18/06/2024) Mangrove charcoal in mainland India
costs approximately 15-50 INR per kg as of June 2024 (IndiaMART, 2024).
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and inappropriate mangrove species (field observations by ARS and NP).
For example, at a surveyed site in the Radha Nagar creek, Paschimsagar
(North Andaman), mangroves had naturally colonised the area prior to
the 2004 seismic event. However, following land uplift, the site expe-
rienced significant mangrove degradation due to the cessation of regular
tidal inundation, except during spring tides via a subterranean channel.
These new conditions were more suitable for back mangrove species
such as Heritiera littoralis Aiton, Phoenix paludosa Roxb., Excoecaria
agallocha L., and mangrove associates like Cerbera odollam Gaertn (Singh
et al., 2025). Despite this, the area was erroneously planted with Rhi-
zophora spp., favoured by forest managers for its ease of seed collection
and propagation, which require frequent tidal inundation. As a result,
the plantations failed to establish. Forest Department officials
acknowledged the challenges of post-tsunami restoration, noting that
the event created unprecedented environmental changes to which
existing management practices were ill-equipped to respond.

Mangrove researchers who were interviewed highlighted the paucity
of information and restricted access to data on mangrove restoration
practices, attempts and their results. Additional restoration challenges
indicated by Forest Department officials and researchers include the lack
of scientific monitoring and research, uncertainty in managing restora-
tion efforts in post-tsunami submerged areas and uplift areas, scarcity of
available suitable land for planting mangrove saplings and issues related
to herbivory caused by exotic and invasive spotted deer and the impact
of cattle grazing on restoration initiatives.

3.3.2. Governance challenges in post-tsunami subsided areas

In South Andaman, the 2004 tsunami and subsequent land subsi-
dence caused the permanent inundation of certain coastal areas, leading
to the loss and degradation of approximately 43 km? of mangrove
habitat (Rajendran et al., 2007; Department of Environment and Forests,
2016; ShivaShankar et al., 2020). These changes also created new
intertidal zones with potential for natural mangrove colonisation (Fig. 3;
ShivaShankar et al., 2020). However, interviews and document analysis
revealed that much of this newly formed intertidal land falls under
private ownership, intensifying existing land ownership conflicts
(Department of Environment and Forests, 2016; Committee on Land
Matters in ANI Report, 2017). Respondents noted that this situation
creates uncertainty about the future of the regenerating mangroves and
poses new governance challenges for their protection and management.

Coastal villages in South Andaman, traditionally situated on low-
lying flat land used for rice cultivation, and hilly land designated for
homesteads, were severely affected by the tsunami (Dharanirajan et al.,
2007; Velmurugan et al., 2015; Committee on Land Matters in ANI
Report, 2017). It is estimated that between 13 and 33 km? of 'Revenue
Land’ (used for private settlement and agriculture) was submerged,
making it unsuitable for cultivation due to increased soil salinity and
ongoing inundation (Committee on Land Matters in ANI Report, 2017).
This loss of cultivable land, combined with limited land on higher
ground and a growing urban population, has resulted in a rapid increase
in land reclamation on previously unsuitable low coastal flats (Fig. 3).

We found that there is currently no specific regulatory framework to
address the changes caused by land subsidence and mangrove coloni-
sation. Land reclamation is allowed with permission from the Deputy
Commissioner of the district. Forest Department officials stated that
mangrove cutting is prohibited regardless of the land type, whereas
Revenue Department officials argued that such restrictions should not
apply to "Revenue Land’ areas. The governance of these newly subsided
areas is complicated by ongoing conflicts between the Forest and Rev-
enue Departments, which impede efforts to resolve land disputes
effectively.

Two Forest Department officials suggested that the submerged areas
could be officially classified as ‘tidally influenced water bodies’ under
the IPZ Notification 2019 or as ‘Wetlands’ under the Wetland (Conser-
vation) Rules 2017. However, hesitation exists due to concerns about
private property rights and potential local and political resistance to
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Fig. 3. Images of subsided sites in South Andaman: (A) presents an aerial view of subsided areas (location: Sippighat, April 15, 2019); (B) illustrates subsidence-
induced mangrove degradation due to hypoxic conditions (resulting from higher frequency and duration of tidal inundation) (location: Red Skin Island, June 13,
2023); (C) shows mangrove recolonisation in tsunami-inundated private land (location: Wandoor, February 02, 2023); (D) depicts land reclamation activities
(location: Sippighat, March 17, 2022). Photographs taken by (A) Adhith Swaminathan, (B) Anoop Raj Singh, (C) and (D) Meenakshi Poti. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

enforcing environmental regulations. One Forest Department staff
member encapsulated these conflicts during an interview, stating: "The
primary land-related conflict in the islands revolves around the tussle between
us [the Forest Department] and the Revenue Department. Technically,
tsunami-submerged lands should fall under our department’s jurisdiction for
protection, but the reality on paper is challenging. With only 6 % of available
land for development, the Revenue Department faces constraints and is
reluctant to let go of this land. Additionally, since submerged areas are sit-
uated in close proximity to Port Blair and are prime urban properties, the
situation becomes even more complex. Resolving this conflict appears unlikely
unless we [Forest Department] are willing to concede some land to the Rev-
enue Department, with the condition of acquiring tsunami-affected lands in
exchange. Unfortunately, I believe it is too late, as people have already
commenced construction of buildings on the reclaimed land, rendering this
issue exceedingly sensitive and complex to address at present.”

Additionally, three local community members and interviewed re-
searchers raised concerns about the potential environmental conse-
quences of unchecked development, cautioning against prioritising
development at the cost of ecological health. Conversely, the Committee
on Land Matters in ANI Report (2017) called for a shift in land man-
agement practices, advocating for the release of more forest land for
development and critiquing the preservation of forest cover as a hin-
drance to economic growth and livelihood opportunities.

This discourse also mirrors broader discussions within fisheries
development plans, where some officials from the Fisheries Department
have pushed for mangrove aquaculture, particularly in the subsided
areas. The ANI Fisheries Policy (2018) highlights that, although there is
significant brackish water available (330 km?), aquaculture is practi-
cally absent on the islands due to the presence of mangroves in desig-
nated reserved forest areas. One Fisheries Department official voiced
concerns about the constraints on development, stating: "These islands
are overburdened with environmental regulations and protection. In the name
of the environment, Andamans development is slow. They need to change the
environmental laws and de-reserve demarcated mangrove areas for aqua-
culture so that Andamans can become a role model for other places in India -
because it is an island we should be able to easily implement pilot aquaculture

projects here."

Local communities and researchers warn against prioritising eco-
nomic development at the cost of environmental integrity. Meanwhile,
the Committee on Land Matters in ANI Report (2017)has called for more
flexible land management approaches to support economic growth. The
Fisheries Department has also expressed concern that current regula-
tions hinder opportunities for aquaculture in these newly formed
intertidal areas. Despite broad recognition of the challenges, re-
spondents state there is little proactive regulatory response, and officials
often default to a “wait-and-see” approach, which may increase
long-term risks.

3.3.3. Governance challenges in post-tsunami uplifted areas

In North Andaman, land uplift following the 2004 earthquake and
tsunami led to decreased relative sea levels and exposure of previously
submerged coral reefs. This uplift caused extensive mangrove degrada-
tion, with losses ranging from 40 to 100 % at different sites due to the
absence of tidal flooding (as shown in previous studies Ray and Achar-
yya, 2011; Majumdar et al., 2019; Ramakrishnan et al., 2020, Fig. 4). In
the former landward mangrove zones, terrestrial vegetation has since
colonised the area as a result of the altered soil and hydrological con-
ditions (Ramakrishnan et al., 2020).

Community respondents in the four uplifted villages consistently
reported that mangroves are now significantly farther from their set-
tlements. They noted a severe reduction in tidal water flow through the
channels, which they associated with substantial degradation of local
fishing grounds and declines in fishery resources. Fishers commonly
remarked on the decline in fish and crab populations, often using
phrases such as "we are not getting as much as before" and "fish and crabs
have declined drastically as they can no longer enter the channels." Along-
side the impacts of mangrove loss, respondents also referred to
increasing demand for fishery resources, inadequate monitoring and
enforcement, and the use of unsustainable fishing gear as contributing
factors.

An elderly fisherwoman from Chipo village, an uplifted site in North
Andaman recounted “Previously, this area was all mangrove, but now it is
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Fig. 4. Images of uplifted sites in North Andaman: (A) and (B) show mangrove degradation due to land uplift and permanent cessation of tidal water inundation
(locations: Radha Nagar creek and Thorn Hill Island, 03/03/2022 and February 05, 2020); (C) depicts a failed mangrove restoration attempt in a degraded mangrove
forest area (landward zone) that does not receive tidal inundation through subterranean channels (wrong site and wrong species plantation) (location: Kishori Nagar
Creek, February 10, 2021); (D) illustrates herbivory pressure on the mangrove plantation (location: Kishori Nagar Creek, February 10, 2021); (E) showcases
mangrove plantation at the newly created uplift areas (seaward zone) highly influenced by tidal inundation (location: outside the Kalighat Creek, March 26, 2022);
(F) demonstrates mangrove colonisation at the uplifted coral and reef beds boulders (location: Radha Nagar Beach, February 10, 2021). Photographs taken by Anoop

Raj Singh.

turning into ’jungle’ [terrestrial forest] after the land rose abruptly in one
event ... I used to fish right in my backyard, but now, because the tidal water
no longer reaches here and has dried up due to the tsunami, I have to trek long
distances of 1 km to reach the sea." She further explained, "Before the
tsunami, I would put my baby to sleep, start cooking rice over a fire, and then
head out for fishing in the nearby mangroves, which were just a 5-min walk
away. I would catch some fish using my hook and line, return home to cook
them, and by then, my baby would be awake and the rice ready. However,
now, I have to walk for more than 30 to 40 min to reach the mangrove creek,
and even after spending 1 to 2 h, I hardly catch 1 or 2 fish. There are barely
any fish left in the mangrove channels, and we have to spend hours. Every-
thing changed here after the tsunami.”

In response to these coastal changes and the reduced availability of
fishery resources, respondents described a gradual shift in livelihoods.
This included the adoption of small-scale agriculture such as the

cultivation of supari (Areca catechu L.) and reliance on private daily
wage labour. Eleven respondents specifically mentioned the conversion
of degraded mangrove areas into farmland for bananas, betel nut, and
ginger cultivation. These newly cultivated zones are located in areas
previously occupied by mangroves that are now dry due to the uplift.
According to Forest Department officials, these activities are considered
encroachments on ‘Reserve Forest’ land and are therefore illegal.
However, officials cited constraints such as limited staff and funding as
key challenges in monitoring and addressing these encroachments.
Two types of vegetation successional zones have emerged in the
uplifted areas: (1) mangrove colonisation on previously submerged coral
reef zones, and (2) terrestrial plant colonisation in degraded mangrove
zones. According to Forest Department officials, efforts to manage these
zones have faced considerable difficulties. They described that in the
reef zones, high tidal action and calcareous substrates have inhibited the
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establishment of mangrove propagules. In the former mangrove zones,
plantation efforts of terrestrial plants have also reported to have failed.
These areas were found unsuitable for both native mangrove species
such as Rhizophora spp. and Bruguiera gymnorhiza (L.) Lam. ex Savigny,
and for terrestrial tree species like Lagerstroemia hypoleuca Kurz. Addi-
tionally, these open degraded lands are now dominated by invasive
plant species such as Chromolaena odorata (L.) R.M.King & H.Rob. and
ferns like Acrostichum aureum L (Singh et al., 2025). Interviewed re-
searchers and Forest Department officials also observed high levels of
grazing by invasive spotted deer (Axis axis), which hindered the growth
of both planted saplings and natural regeneration. Forest Department
officials stated that no active management was being undertaken to
address this issue because spotted deer are protected under the Wildlife
Protection Act (WLPA) 1972. They identified a need for additional sci-
entific expertise, training, and human resources to develop and imple-
ment effective restoration strategies in these newly emerged
successional zones.

3.4. Underlying governance challenges

Stakeholder perspectives highlighted several underlying challenges
in mangrove governance, primarily attributed to centralised control,
bureaucratic structures, and limited community engagement. Re-
spondents noted that governance systems in the Andaman Islands are
highly centralised due to the islands’ Union Territory status, with pol-
icies and decisions predominantly shaped at the national level. This
centralised approach was perceived to contribute to the exclusion of
local voices and a lack of responsiveness to island-specific needs.

Several government officials described the rigidity of existing
bureaucratic processes. A Forest Department official noted that even
minor management adjustments require approval from central author-
ities, slowing down the decision-making process. For example, an offi-
cial expressed that the "Forest department is handcuffed by stringent rules.
Any management procedure that needs change must be approved by the
central government after extensive paperwork."

The Fisheries Department also acknowledged the necessity for
mangrove-specific fisheries regulations but cited challenges in policy
formulation from New Delhi, where local socio-ecological contexts may
not be fully understood. Respondents further highlighted that many
officers serving in the Andamans are posted from mainland India on
short-term assignments. This transient staffing structure was reported to
undermine continuity, accountability, and the long-term implementa-
tion of policies and regulations.

Accounts from both government and community respondents
pointed to a general reluctance within the bureaucracy to act proac-
tively. The initiation of management actions was often linked to the
personal interest or motivation of individual officers, with institutional
inertia described as a barrier to change. Some officials characterised the
bureaucratic procedures as outdated and resistant to innovation. One
government official expressed that "the governance in Andamans is old-
fashioned, like the British colonial times, and it does not adapt to the
changing environment, people or economy. That is why Andamans is stuck in
time and remains ignored".

Community members consistently reported low levels of participa-
tion in mangrove governance processes. Respondents described aware-
ness campaigns by the Forest Department as infrequent and
unidirectional, lacking meaningful opportunities for dialogue or
collaboration. The top-down nature of governance, coupled with the
islands’ multicultural demographic, was seen as contributing to frag-
mented community engagement. The absence of inclusive governance
mechanisms has complicated the relationship between local commu-
nities and state authorities, further limiting the potential for co-
management or locally informed conservation strategies.
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4. Discussion

This study highlights how mangrove governance in the Andaman
Islands is shaped by long-standing institutional hierarchies, conflicting
departmental mandates and shifting ecological baselines in the wake of
the 2004 earthquake and tsunami, which impacts mangrove restoration
policies and practice. The Forest Department’s continued dominance
reflects an entrenched top-down model and reinforces perceptions of
mangroves as state “property.” This stems from long-standing bureau-
cratic practices, such as restrictions on access to forest and fishery re-
sources, the requirement of permissions for use, or the absence of
community involvement in decision-making. In this way, the perception
of ownership is shaped both by what people are told and how state
control is exercised in everyday governance. Previous scholars suggest
that the Indian Forest Department inherited a feudal attitude towards
land management from the British and Indian landlords, often at the
expense of indigenous people and local communities (e.g. Guha, 1983;
Bandopadhyay, 2010; Springate-Baginski et al., 2013; Simlai, 2022).
While this centralised control in natural resource management provides
legal protection on paper, it diminishes local decision-making, renders
information less accessible, and weakens trust in conservation efforts
(Bluwstein et al., 2016).

Accounts from respondents reveal a widespread lack of clarity
around what activities are permitted in mangrove areas, particularly in
Reserve Forests. Many fishers described their confusion regarding sud-
den restrictions or unclear fines. This disjuncture between policy and
practice mirrors similar gaps documented in coastal governance globally
(Blaber, 2013; Saavedra-Diaz et al., 2015; Cormier-Salem, 2017). A
particularly  neglected dimension is the governance of
mangrove-associated livelihoods, particularly mangrove crabbing. This
is evidenced in many sites worldwide where mangrove fisheries are
poorly regulated, leading to declines in resource catch and size because
of high fishing pressure (Carrasquilla-Henao et al., 2019; Reis-Filho
et al., 2019).

Stakeholder perceptions suggest that the relevant administrative
departments operate independently, with conflicting mandates related
to mangrove governance. Particularly, collaboration among the Forest
and Fisheries Departments is perceived to be minimal, leading to in-
stances of departments blaming each other and with little willingness to
work together. The transitional and intertidal nature of mangrove eco-
systems between land and sea makes it difficult to define clear admin-
istrative boundaries and resource use, also shown in previous studies
(Golebie et al., 2021; Mafaziya Nijamdeen et al., 2023a). This may often
lead to conflict between different governmental departments with
overlapping areas of jurisdiction (Carter et al., 2015; Rog and Cook,
2017; Mafaziya Nijamdeen et al., 2024). Moreover, Rotich et al. (2016)
highlight that mangrove management approaches are rarely tailored to
unique conditions of mangrove ecologies and position in the land-sea
interface. Instead, practices established for terrestrial forests are
applied to mangrove governance.

While the Forest Department focuses on protection, the Fisheries
Department promotes aquaculture and economic development. These
tensions reflect the broader failure to establish integrated, ecosystem-
based governance. Such disjointedness is not unique to the Andamans,
it aligns with patterns observed in other mangrove systems (Carter et al.,
2015; Rotich et al., 2016) but is intensified here by the archipelago’s
Union Territory status and associated bureaucratic structures. Many
senior officials rotate in and out of the islands after short tenures,
resulting in weak institutional memory and inconsistent policy appli-
cation. A Fisheries Department official expressed concern that: "these
islands are overburdened with environmental regulations and protection. In
the name of the environment, Andamans development is slow. They need to
change the environmental laws and de-reserve demarcated mangrove areas
for aquaculture so that Andamans can become a role model for other places
in India - because it is an island we should be able to easily implement pilot
aquaculture projects here”.
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While many of the governance challenges outlined above are com-
mon across mangrove regions, the situation in the Andaman Islands is
uniquely shaped by the dramatic land elevation changes triggered by the
2004 earthquake and tsunami. These changes blurred administrative
boundaries and compounded existing institutional limitations. The 2004
seismic event marked a pivotal shift in both the ecological and institu-
tional landscapes of the islands. Communities across the archipelago
came to view mangroves as life-saving buffers against future disasters,
echoing post-tsunami sentiments in mainland India (Badola and Hus-
sain, 2005; Khan and Ali, 2017). This widespread perception helped
elevate mangroves in policy discourse. However, the scientific evidence
on their protective role remains mixed and highly context-dependent,
with effectiveness influenced by factors such as forest width, topog-
raphy, and geomorphology (Dahdouh-Guebas and Koedam, 2006;
Cochard et al., 2008; Feagin et al., 2010; Temmerman et al., 2023).
Despite these nuances, the popular “bioshield” narrative gained traction
post-tsunami, driving a sharp increase in mangrove planting in various
tsunami affected areas (Kamthonkiat et al., 2011; Brown et al., 2015).

This post-tsunami restoration boom in the Andamans led to rapid
plantation campaigns prioritising coverage over ecological suitability,
with poorly selected sites, low survival rates, and minimal community
involvement. In general, Kodikara et al. (2017), from their study in Sri
Lanka, advocate adhering to the precautionary principle, whereby
existing mangrove habitats should be protected, and restoration initia-
tives should prioritise degraded areas, provided that the environmental
conditions support mangrove growth. Additionally, before initiating
mangrove planting in areas affected by significant topographical
changes (i.e. subsidence and uplift), a comprehensive scientific assess-
ment is essential to determine the feasibility of mangrove growth at
these sites. For example, Feagin et al. (2010) showed that in Sri Lanka,
more than 90 % of the coastline is susceptible to ocean surges such as
tsunamis, while mangroves can only thrive along less than one-third of
this coastline. Brown et al. (2015) further emphasises that in cases where
drastic topographical changes take place, mangrove restoration should
be exercised only after a period of long observation, stabilisation of
environment and responding to essential humanitarian issues (water,
food and shelter). Restoration without monitoring and feedback mech-
anisms between research and practice could lead to maladaptation and
wastage of financial resources (Brown et al., 2015; Ellison et al., 2020).

Similar to practices observed on the east coast of India, where the
Forest Department used Casuarina plantations to claim communal lands
(Mukherjee et al., 2010; Feagin et al., 2010), mangrove restoration in
the Andamans became a means to assert territorial authority. The
perception of mangroves as state-owned resources was further
entrenched, sidelining both scientific expertise and local knowledge.
Government officials often cited the islands’ multicultural settler pop-
ulation as a challenge to participatory engagement, yet studies suggest
that marginalised communities, particularly among settlers, have his-
torically been excluded from decision-making (Zehmisch, 2012; Advani,
2020; Deol, 2021). This institutional context allowed restoration pro-
jects to proceed largely without local participation or scrutiny.

The earthquake-induced geomorphic changes i.e. uplift in the north
and subsidence in the south, further exposed institutional inertia and
governance path dependencies. In uplifted regions, the sudden loss of
mangroves and tidal access led to ecosystem collapse and severe fishery
decline. Yet, governance responses continued to rely on pre-tsunami
forest classifications and rigid management mandates, resulting in
repeated restoration failures. In the south, newly formed wetlands from
subsidence led to overlapping jurisdictional claims between the Forest
and Revenue Departments. These transformed landscapes fall outside
existing administrative and legal categories, leading to contradictory
policies or governance inaction. The absence of legal reclassification and
updated land-use policies has created a governance deadlock.

Although stakeholders across sectors acknowledge the emerging
challenges, few concrete steps have been taken to address policy and
jurisdictional gaps. This prevailing “wait-and-see” approach is especially
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concerning given the collective recognition that inaction could heighten
vulnerability in the face of future disasters. The broader literature on
global environmental change warns that such institutional inertia, or
resistance to change, can exacerbate social and ecological vulnerabilities
and result in maladaptive outcomes (Meadowcroft, 2009; Taylor, 2016;
Schipper, 2020).

Despite these institutional shortcomings, the study found strong
community support for mangrove conservation, especially when framed
around coastal protection and food security. Yet, this support remains
untapped due to poor outreach, limited trust, and unidirectional
communication. Engagement is often symbolic rather than substantive,
creating further distance between state actors and local communities.
Involving communities as ecological stewards, through training, paid
employment, and recognition of traditional knowledge, can improve
both ecological success and governance legitimacy.

Ultimately, the Andaman Islands offer a compelling case of how
environmental change, institutional legacies, and administrative inertia
intersect to shape governance outcomes. Addressing these challenges
requires not only ecological restoration but also structural reforms,
including revising land -classifications, clarifying departmental re-
sponsibilities, and developing integrated governance frameworks. For
instance, Mafaziya Nijamdeen et al. (2024), in their study of mangrove
governance in Sri Lanka, propose the creation of a dedicated entity to
manage all mangrove-related policies under a single umbrella. Such an
approach could help better address the unique complexities of intertidal
mangrove ecosystems (Rotich et al., 2016). However, any such efforts
must begin with recognising local and scientific knowledge, ownership,
and the lived realities of those directly affected by policy decisions.

5. Study limitations and future research avenues

This study is constrained by its exclusion of villages in Middle
Andaman that did not undergo earthquake-induced subsidence or uplift.
The scope of this study lies in examining the perceptions and governance
dynamics shaped by these extreme geological phenomena. However, the
findings may not fully capture the breadth of perspectives and gover-
nance responses across all villages in the Andamans that were unaffected
by the extreme seismic event. Future research could explore these non-
affected villages to provide a more comprehensive understanding of the
broader socio-environmental dynamics in the islands. Furthermore, this
study does not explore the perceptions of indigenous people, as separate
permits and procedures are required for such inquiries. We focus on the
perceptions of migrant settlers who often originate from a non-
mangrove heritage due to the island’s unique history. Considering the
Andamans hosts a multicultural population with different migration
histories, people may have multiple ways of using and perceiving
mangroves. Future studies could explore how the multicultural knowl-
edge and migration histories of the various communities on the islands
are related to mangrove use and knowledge. Additionally, obtaining a
quantitative understanding of mangrove ecosystem services and their
potential correlation with mangrove vegetation change in subsided and
uplifted areas could yield valuable insights for decision-making pro-
cesses. In line with our approach, studies need to focus beyond urban-
ised or well-connected hubs and include interior villages, where
inhabitants are overlooked both in research and practice. Lastly,
fostering data sharing between researchers and decision-makers is vital,
especially given the bureaucratic barriers that impede research activities
on the islands. Overcoming these challenges could facilitate a more
collaborative and informed approach to managing mangrove SESs in the
Andaman Islands.

6. Conclusion
By combining semi-structured interviews to capture stakeholder

perceptions and secondary data analysis to understand regulatory and
policy mechanisms, we provide insights on mangrove governance and
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its implications, and additionally identify research and policy gaps in the
Andamans. Our findings reveal that while mangrove trees receive formal
protection in regulations implemented by the Forest Department, the
fisheries sector remains under-regulated considering the demand and
pressure on mangrove fishery resources. We found that the uncertainty
surrounding mangrove fishing in forest areas, coupled with a lack of
comprehensive fisheries documentation, contributes to its regulatory
oversight. Addressing this issue requires collaborative efforts between
administrative bodies (Forest and Fisheries departments) to manage
overlapping jurisdictions.

Mangrove governance in the Andamans is characterised by a top-
down approach, with the Forest Department being the dominant
actor. This centralised authority and power exhibits minimal cross-
sectoral collaboration, communication and the absence of community
participation. Additionally, our findings highlight that the 2004 seismic
event reinforced the authority of the department by focusing attention
on mangroves and promoting restoration efforts, explicitly without the
consultation of community members. Furthermore, mangrove gover-
nance is hindered by bureaucratic inertia driven by distant decision-
making centres originating in mainland India and the perceived
‘complexity’ and ‘sensitivity’ in addressing resource use and land
ownership issues in the subsided and uplifted areas.

To address the mangrove governance challenges, there is a need to
incorporate scientific expertise, update and enforce relevant laws,
particularly in the fisheries sector, and ensure active involvement of
local communities throughout the decision-making process. These
findings have broader implications, extending beyond the Andamans to
other regions facing similar challenges in mangrove governance with the
increase in environmental changes and the inherent complexities of
managing transitional ecosystems.
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