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Mangroves play a crucial role in the maintenan-
ce of coastal biodiversity and provide innumera-
ble ecosystem services (Primavera et al., 2019). 
Despite their importance, mangroves are being 
lost at an alarming rate of 0.16-0.39 % globally per 
year (Hamilton and Casey, 2016), and 20-35% of 
global mangrove cover has been lost over the past 
50 years (Polidoro et al., 2010). The primary re-
ason behind this is land use changes by human 
activities (Richards and Friess, 2016; Goldberg et 
al., 2020). Natural disturbances such as tropical 
cyclones, storms, and extreme events like tsu-
nami can also cause minimal to extreme dama-
ge to the mangrove forest in proportion to their 
intensity (Dahdouh-Guebas et al., 2005; Simard 
et al., 2019). Recently, the 2004 Indian Ocean 
tsunami and resulting geomorphological changes 
(coastal uplift & subsidence) adversely affected 

mangroves across Southeast Asia, and site-spe-
cific studies have indicated that the impacts de-
pended on the intensity of the tsunami and the 
geomorphological changes (Alongi, 2008; Nehru 
and Balasubramanian, 2018; Ramakrishnan et al., 
2020).

The 26 December 2004 Sumatra-Andaman 
earthquake (9.2 Mw) caused by the tectonic plate 
slip on the subduction interface between the Indo-
Australian plate, Burma plate (Andaman and 
Nicobar Islands), and Aceh province, Sumatra, 
caused a devastating tsunami in the Indian Ocean 
(Meltzner et al., 2006). In addition to being subject 
to high-intensity tsunami waves, the mangroves 
of the Nicobar archipelago were also heavily im-
pacted by land drowning/subsidence of 1.1-2.85 m 
(Porwal et al., 2012). The impact of tsunami and 
subsidence resulted in the loss of 97% mangroves 
in the archipelago (Nehru and Balasubramanian, 
2018). While the subsidence resulted in permanent 
inundation in mangrove habitats, inflicting mass 
tree mortality, it also formed new intertidal habitats 
suitable for mangrove colonization on the former © 2022 The authors. This is an open access article distributed under 

the terms of the Creative Commons license.
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The 2004 Sumatra-Andaman earthquake (9.2 Mw) and tsunami that followed it resulted in uplift and subsidence 
across the Andaman and Nicobar archipelago. This unusual natural event severely affected the mangrove and 
coastal ecosystems across the Andaman and Nicobar Islands. The tsunami and land drowning of 1.1-2.85 m 
resulted in considerable loss of mangrove habitats in the Nicobar archipelago. Meanwhile, the land drowning 
also created new intertidal habitats in the earlier terrestrial zones that are now providing suitable conditions for 
the colonization of mangroves. During the long-term monitoring of mangrove colonization in these new inter-tidal 
zones, we identified the first occurrence of the Avicennia marina (Forssk.) Vierh. in the Nicobar archipelago. The 
distribution of A. marina and the characteristics of its colonizing sites are discussed herein.
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terrestrial zones (e.g., agriculture fields, coconut 
groves, forests) (Nehru and Balasubramanian, 
2018). These terrestrial zones were dominated by 
tree species like Terminalia bialata (Roxb.) Steud., 
Terminalia catappa L., Syzygium samarangense 
(Blume) Merr. & L.M.Perry, and Sterculia spp. A 
few post-tsunami studies have documented man-
grove species diversity in the new intertidal habi-
tats across the Nicobar archipelago (Goutham-
Bharathi et al., 2014; Ragavan et al., 2015; Nehru 
and Balasubramanian, 2011, 2018). In addition, 
extensive mangrove floristics studies are also avail-
able for the pre-tsunami period (Dagar et al., 1991; 
Jagtap, 1992). The previous mangrove flora of the 
Nicobar archipelago was dominated by Rhizophora 
stylosa Griff. and Bruguiera gymnorhiza (L.) Lam. 
The common species are Acrostichum aureum L., 
Excoecaria agallocha L., Heritiera littoralis Aiton, 
Lumnitzera littorea (Jack) Voigt, Rhizophora mu-
cronata Lam., and Sonneratia alba Sm. (Dagar et 
al., 1991; Jagtap, 1992). Interestingly, Avicennia 
marina (Forssk.) Vierh., a common species pres-
ent across the nearby archipelagos, was not re-
ported in the above studies. Based on our long-
term monitoring of mangrove colonization in the 
new intertidal habitats, we report the occurrence 

of A. marina from the Nicobar archipelago and 
provide details on its distribution and site charac-
teristics where it is colonizing.

The Nicobar archipelago is a submerged moun-
tain range of Arakan-Yoma situated southeast of 
the Bay of Bengal (Nehru and Balasubramanian, 
2018), and is comprised of 21 islands with an area 
of 1841 km2. Intensive field surveys were carried 
out to document the post-tsunami colonization of 
mangrove species across the Nicobar archipelago 
during 2009-2011, 2019, and 2021 (Figure 1). 
During recent surveys in 2019 and 2021, A. mari-
na was documented in few survey sites. Along with 
the GPS location, herbarium specimens, species 
abundance, and detailed site information were al-
so collected from all the sites where A. marina was 
identified. The herbarium (Vedagiri Thirumurugan 
12901, 12902, and 12903) were prepared and de-
posited in the herbarium at the Wildlife Institute of 
India, Dehradun.

A total of 35 sites during 2009-2011 and 19 
sites during 2019-2021 were surveyed across the 
Nicobar archipelago to document mangrove colo-
nization in the new intertidal zones. A. marina was 
recorded in nine sites surveyed during 2019–2021 
(Figure 1) but had not been recorded during the 

Figure 1. Survey locations (n=35) and locations where Avicennia marina present (n=9) within the 
Nicobar archipelago.
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initial surveys in 2009–2011. The species was 
reported from only two islands, namely Great 
Nicobar (8 sites) and Katchall (1 site) (Table 1). 
A. marina is mostly colonizing on the firm and 
sandy substratum adjacent to the water channels, 
where tidal inundation is frequent (Figure 2 & 3). 
Only in Marine Katchall was the species present 
adjacent to the terrestrial forest, where the soil is 
firm and elevated (Figure 2). In most of the sites in 
Great Nicobar Island, A. marina was growing to-
gether with Sonneratia spp., Rhizophora spp., and 
Bruguiera  gymnorhiza. In Dunginallah, Joginder 
Nagar, Lakshmi Nagar, and Vijay Nagar, A. marina 
was mostly found as isolated patches colonizing 
in barren areas. The species was in flowering and 
fruiting during the recent survey between March-
April 2021.

All sites with A. marina were characterised by 
a few mature trees, saplings, and copious seed-
lings (Table 1). The largest tree was recorded from 
Lakshmi Nagar, with 70 cm GBH (9 m height), lo-
cated inside the closed canopy of Sonneratia alba 
stand. In Marine Katchall, a 61 cm GBH tree (8 m 
height) was measured from inside the Rhizophora 
apiculata patch. In both sites, plenty of A. marina 
seedlings were found in open areas. In most sites 
(Marine Katchall, Dunginallah, Lakshmi Nagar, Vijay 
Nagar), we observed a mature tree (between 50–70 
cm GBH) with 100–300 seedlings and saplings within 
a radius of approximately 100 m of the mature tree. 
In Lakshman beach and Magar Nallah, there are no 
mature trees, but a decent population of saplings 
and seedlings (up to 100 individuals) was recorded. 

In Galathea bay, we found a single tree with multiple 
branches (n=17), ranging from 30-50 cm GBH. Most 
sites experience grazing pressure of free range cattle 
from human settlements. Hence, the A. marina colo-
nizing these barren areas are mostly browsed and 
spreading horizontally. 

A. marina is a globally widespread mangrove 
species with a native range extending from East 
Africa to New Zealand (Duke at al. 2010). It is 
commonly found across Asia and the archipelagos 
adjacent to Nicobar (eg: Andaman archipelago 
and Indonesia, Duke et al., 2010). Interestingly, it 
had never been reported in the Nicobar archipela-
go, neither from pre-tsunami explorations (Sahni, 
1953; Dagar et al., 1991; Dagar and Singh, 1999; 
Sinha, 1999; Debnath, 2004; Jayanthi, 2017) 
nor from previous post-tsunami studies (Nehru 
and Balasubramanian, 2011; Goutham-Bharathi 
et al., 2014; Ragavan et al., 2015; Nehru and 
Balasubramanian, 2018). Though Gopinathan 
and Rajagopalan (1983) reported this species in 
Nancowry Island, it was not substantiated with 
herbarium specimens or other information (eg. 
distribution, density, etc.) critical to ascertain the 
presence of the species. We assume that either 
the species was rare in the archipelago prior to tsu-
nami but not reported by earlier explorers, or the 
propagules of A. marina dispersed by water cur-
rents from adjacent archipelagos (eg. Indoneasia 
and Malaysia) could be establishing a new popula-
tion in the Nicobar archipelago on the new inter-tid-
al areas where the environmental parameters (eg. 
soil, tidal flooding, salinity etc.) may be providing a 

S.no Location Seedlings 
(< 1 cm GBH)

Saplings
(1 - 10 cm GBH) 

Trees
(>10 cm GBH)

Largest 
GBH (cm)

Cattle 
pressure

Pre-tsunami habitat 
history

1 Marine Katchall* 50-70 15-20 2-4 61 cm No Human habitation
2 Dunginallah 300-500 20-40 2 55 cm No Terrestrial forest
3 Lakshman beach 70-80 20-25 - - High Terrestrial forest
4 Magar nallah 20-30 5-10 - - High Terrestrial forest
5 Jogindernagar 600-800 15-30 - - Minimal Agriculture field 
6 Vijay nagar 300-400 20-40 2-5 - Minimal Agriculture field 
7 Laxminagar 300-400 10-25 2 70 cm High Agriculture field 
8 Swaroop bridge 2-5 - 2 55 cm High Agriculture field
9 Galatia bay 3-7 1-3 1 51 High Agriculture field

Table 1. Details of sites and the abundance of Avicennia marina recorded from Nicobar archipelago. Sites with 
s. no. 2-9 are from Great Nicobar Island; the site with s. no. 1 is from Katchall Island.
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Figure 2. A) A tree of Avicennia marina adjacent to terrestrial zone at Marine katchall, Katchall 
Islands. Flowers (B) and fruits (C) are commonly seen during February to April. (Photo credits: A&B - 
Thirumurugan Vedagiri; C - Anoop Raj Singh).

Figure 3. Avicennia marina established on sandy barren area (A) and near water channel (B) in 
Dunginallah. C) mono-dominant presence of Avicennia marina in Joginder Nagar. D) Livestock browsing 
on Avicennia marina tree and seedlings. (Photo credits: A,B,C - Thirumurugan Vedagiri; D - Nehru 
Prabakaran).
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conducive environment for the rapid spread of this 
species compared to other mangroves. Similar 
conclusions were derived for another mangrove 
species, Sonneratia ovata, first observed in the 
Nicobar archipelago after the 2004 tsunami (Nehru 
and Balasubramanian, 2012). It is noteworthy that 
both islands where A. marina is now reported had 
lost all mangroves after the 2004 tsunami (Nehru 
and Balasubramanian, 2018). 

Ocean currents play a significant role in the 
dispersal of A. marina propagules better adapted 
to water dispersal in high wave and tidal influ-
enced coastal areas (Yun, 2012). The propagules 
of A. marina are small, light, float for several days 
(15 days), and are viable in seawater for more 
than 240 days (Steele, 2006). These characteris-
tics are an advantage for long-distance dispersal 
of mangrove propagules. Studies have suggested 
that A. marina propagules can travel for long dis-
tance (>50 km, Clarke, 1993), though the majority 
disperses only short distances and strand proxi-
mate to the parent tree (Clarke and Myerscough, 
1991). An experiment using drift cards mimicking 
A. marina propagules showed dispersal of 700 km 
in 42 days (Steinke and Ward, 2003). It is note-
worthy that an enormous pile of debris from the 
nearby Southeast Asian countries was deposited 
on the coasts of the Nicobar archipelago imme-
diately after the 2004 tsunami (Sankaran, 2005). 
In addition, these areas also receive a heavy pile 
of marine debris from many Asian countries dur-
ing each monsoon (May-December) and cyclone. 
Therefore, one cannot discount the role of tsuna-
mis, cyclones, and other extreme weather events 
in aiding the long-distance dispersal of A. marina 
propagules from the adjacent archipelagos and 
establishing a new population in the Nicobar ar-
chipelago. As such, it is likely that the surviving 
propagules, be they from the rare trees within the 
Nicobar archipelago or having drifted from nearby 
archipelagos, have established a few trees in the 
new inter-tidal zones of the Nicobar archipelago, 
which now lead to the widespread colonization of 
this species in the new mud flats that are not colo-
nized by other mangrove species. 

A. marina is one among pioneer mangrove 
species that quickly colonize newly formed mud-
flats with high proportion of sand (Lin and Wei, 

1983; Terrados et al., 1997). Tolerance to hypersa-
line conditions and its fast spreading nature aid in 
the successful colonization of stressful environ-
ments typical of new mudflats, where other man-
grove species may have diffculty e stablishing  
themselves (Clarke and Myerscough, 1993; 
González et al., 2010). During our April 2019 sur-
vey at Dunginallah, we observed a patch of A. ma-
rina consisting of one mature tree and approxi-
mately 80 seedlings on the mouth of a creek where 
the substratum is sandy and was frequently inun-
dated with tidal water. During the 2021 survey, we 
observed that the species had spread across most 
part of the creek, and that abundance had in-
creased by four to five times within two years. The 
high abundance of A. marina seedlings in 
Dunginallah and other sites suggests the species 
will continue to spread across new inter-tidal areas 
and will soon become a dominant species in the 
archipelago, as many of the mangrove colonizing 
sites still have considerable vacant area to be col-
onized, even 16 years after the tsunami 
(Prabakaran et al., 2021); we predict that A. mari-
na may take advantage of this vacancy in new in-
tertidal zones to colonize them in the near future. 
We observed that sites with minimal to no cattle 
grazing had a higher abundance of A. marina 
compared to those with high cattle grazing. As 
such, high anthropogenic pressure and heavy cat-
tle grazing could be a major impediment for the 
spread of A. marina in the Great Nicobar Island.

The new intertidal habitat formed after the 
tsunami and subsidence in the Nicobar archi-
pelago provides a unique opportunity to study 
the colonization and spread of many mangrove 
species. A. marina, hitherto not reported from 
this archipelago, appears to take advantage of 
these new habitats, spreading faster than other 
species. Understanding the genetic composi-
tion of A. marina in the Nicobar archipelago is 
vital to realize the potential post-tsunami spread 
of propagules from adjacent archipelagos. 
Moreover, long-term monitoring of new inter-
tidal habitats in the Nicobar archipelago would 
be essential to understand successional dy-
namics, species competitions, and evolution of 
interspecific spatial distribution patterns of the 
mangrove forests.



Occurrence of Avicennia marina in Nicobar Islands

Ocean and Coastal Research 2022, v70:e22013 6

Thirumurugan et al.

ACKNOWLEDGMENTS
We thank the Department of Environment and 

Forest, Andaman and Nicobar Islands for the nec-
essary permission and for facilitating the fieldwork. 
We are thankful to the Dean, Director, Faculties, 
and researchers of Wildlife Institute of India for the 
encouragement and constant support. Funding: 
This work was supported by the Department of 
Science and Technology under the INSPIRE 
Faculty scheme [DST/INSPIRE/04/2018/001071].

AUTHOR CONTRIBUTIONS
V.T.A.: Data collection; Writing- Original manuscript; Writ-

ing- Original manuscript, review & editing.
A.R.S.B.: Data collection; Writing- review & editing.
N.P.C.: Conceptualization; Supervision; Funding; Field-

work; Writing- Original manuscript; review & editing.

REFERENCES
ALONGI, D. M. 2008. Mangrove forests: resilience, pro-

tection from tsunamis and responses to global climate 
change.  Estuarine, Coastal and Shelf Science,  76(1), 
1-13, DOI: https://doi.org/10.1016/j.ecss.2007.08.024 

CLARKE, P. J. 1993. Dispersal of grey mangrove (Avi-
cennia marina) propagules in southeastern Austra-
lia. Aquatic Botany, 45(2-3), 195-204, DOI: https://doi.
org/10.1016/0304-3770(93)90021-N 

CLARKE, P. J. & MYERSCOUGH, P. J. 1991. Buoyancy 
of Avicennia marina propagules in southeastern Aus-
tralia. Australian Journal of Botany, 39(1), 77-83, DOI: 
https://doi.org/10.1071/BT9910077

CLARKE, P. J. & MYERSCOUGH, P. J. 1993. The intertidal 
distribution of the grey mangrove (Avicennia marina) in 
southeastern Australia: the effects of physical condi-
tions, interspecific competition, and predation on propa-
gule establishment and survival.  Australian Journal of 
Ecology, 18(3), 307-315.

DAGAR, J. C. 1999. Plant resources of the Andaman and 
Nicobar Islands. Dehradun: Bishen Singh Mahendra Pal 
Singh. 

DAGAR, J. C., MONGIA, A. D. & BANDYOPADHYAY, A. K. 
1991. Mangroves of Andaman and Nicobar Islands. Ox-
ford: Oxford & IBH Pub. Co.

DAHDOUH-GUEBAS, F., JAYATISSA, L. P, DI NITTO, D., 
BOSIRE, J. O., LO SEEN, D. & KOEDAM, N. 2005. How 
effective were mangroves as a defence against the re-
cent tsunami? Current Biology, 15(12), R443-R447, 
DOI: https://doi.org/10.1016/j.cub.2005.06.008

DEBNATH, H. S. 2004. Mangroves of Andaman & Nicobar 
Islands: taxonomy and ecology: a community profile. 
Dehradun: Bishen Singh Mahendra Pal Singh.

DUKE, N., KATHIRESAN, K., SALMO III, S. G., FERNANDO, 
E. S., PERAS, J. R., SUKARDJO, S., MIYAGI, T., ELLISON, 
J., KOEDAM, N. E., WANG, Y. & PRIMAVERA, J. 2010. 
Avicennia marina. IUCN Red List of Threatened Species, 
2010, eT178828A7619457, DOI: https://doi.org/10.2305/
IUCN.UK.2010-2.RLTS.T178828A7619457.en 

FAO (Food and Agriculture Organization of the United Na-
tions). 2007. The World’s Mangroves, 1980-2005: a 
thematic study in the framework of the global forest re-
sources assessment 2005. Rome: FAO.

GOLDBERG, L., LAGOMASINO, D., THOMAS, N. & FA-
TOYINBO, T. 2020. Global declines in human‐driven 
mangrove loss.  Global change Biology, 26(10), 5844-
5855, DOI: https://doi.org/10.1111/gcb.15275

GONZÁLEZ, C., URREGO, L. E., MARTÍNEZ, J. I., PO-
LANÍA, J. & YOKOYAMA, Y. 2010. Mangrove dynam-
ics in the southwestern Caribbean since the ‘Little 
Ice Age’: a history of human and natural disturbanc-
es.  The Holocene,  20(6), 849-861, DOI: https://doi.
org/10.1177/0959683610365941

GOPINATH, C. P. & RAJAGOPALAN, M. S. 1983. Man-
grove resources. Bulletin Central Marine Fisheries Re-
search Institute, 34, 44-46.

GOUTHAM-BHARATHI, M. P., ROY, S. D., KRISHNAN, P., 
KALIYAMOORTHY, M. & IMMANUEL, T. 2014. Species 
diversity and distribution of mangroves in Andaman and 
Nicobar Islands, India. Botanica Marina, 57(6), 421-432, 
DOI: https://doi.org/10.1515/bot-2014-0033

HAMILTON, S. E. & CASEY, D. 2016. Creation of a high 
spatio‐temporal resolution global database of continu-
ous mangrove forest cover for the 21st century (CGM-
FC‐21). Global Ecology and Biogeography, 25(6), 729-
738, DOI: https://doi.org/10.1111/geb.12449

JAGTAP, T. G. 1992. Marine flora of Nicobar group of is-
lands in Andaman Sea. Indian Journal of Marine Sci-
ences, 21(1), 56-58. 

JAYANTHI, J. 2017. Flora of Campbell Bay National Park, 
Great Nicobar, India. Kolkata: Botanical Survey of India.

LIN, P. & WEI, X. M. 1983. Ecological notes on the mangroves 
of Fujian, China. In: TEAS, H. J. (ed.). Biology and ecology 
of mangroves. Dordrecht: Springer, pp. 31-36, DOI: https://
doi.org/10.1007/978-94-017-0914-9_3  

MELTZNER, A. J., SIEH, K., ABRAMS, M., AGNEW, D. C., 
HUDNUT, K. W., AVOUAC, J. P. & NATAWIDJAJA, D. H. 
2006. Uplift and subsidence associated with the great 
Aceh-Andaman earthquake of 2004. Journal of Geo-
physical Research: Solid Earth, 111(B2), DOI: https://
doi.org/10.1029/2005jb003891 

NEHRU, P. & BALASUBRAMANIAN, P. 2011. Re-coloniz-
ing mangrove species in tsunami devastated habitats at 
Nicobar Islands, India. Check List, 7(3), 253-256, DOI: 
https://doi.org/10.15560/7.3.253 

NEHRU, P. & BALASUBRAMANIAN, P. 2012. Sonneratia 
ovata Backer (Lythraceae): status and distribution of a 
Near Threatened mangrove species in tsunami impact-
ed mangrove habitats of Nicobar Islands, India. Journal 
of Threatened Taxa, 4(15), 3395-3400, DOI: https://doi.
org/10.11609/JoTT.o3009.3395-400 

DOI:%20https://doi.org/10.1016/j.ecss.2007.08.024
https://doi.org/10.1016/0304-3770(93)90021-N
https://doi.org/10.1016/0304-3770(93)90021-N
https://doi.org/10.1071/BT9910077
https://doi.org/10.1016/j.cub.2005.06.008
https://doi.org/10.2305/IUCN.UK.2010-2.RLTS.T178828A7619457.en
https://doi.org/10.2305/IUCN.UK.2010-2.RLTS.T178828A7619457.en
https://doi.org/10.1111/gcb.15275
https://doi.org/10.1177/0959683610365941
https://doi.org/10.1177/0959683610365941
https://doi.org/10.1515/bot-2014-0033
https://doi.org/10.1111/geb.12449
https://doi.org/10.1007/978-94-017-0914-9_3
https://doi.org/10.1007/978-94-017-0914-9_3
https://doi.org/10.1029/2005jb003891
https://doi.org/10.1029/2005jb003891
https://doi.org/10.15560/7.3.253
https://doi.org/10.11609/JoTT.o3009.3395-400
https://doi.org/10.11609/JoTT.o3009.3395-400


Occurrence of Avicennia marina in Nicobar Islands

Ocean and Coastal Research 2022, v70:e22013 7

Thirumurugan et al.

NEHRU, P. & BALASUBRAMANIAN, P. 2018. Mangrove spe-
cies diversity and composition in the successional habitats 
of Nicobar Islands, India: a post-tsunami and subsidence 
scenario.  Forest Ecology and Management, 427, 70-77, 
DOI: https://doi.org/10.1016/j.foreco.2018.05.063 

POLIDORO, B. A., CARPENTER, K. E., COLLINS, L., DUKE, 
N. C., ELLISON, A. M., ELLISON, J. C., FARNSWORTH, 
E. J., FERNANDO, E. S., KATHIRESAN, K., KOEDAM, N. 
E. & LIVINGSTONE, S. R. 2010. The loss of species: man-
grove extinction risk and geographic areas of global con-
cern. PloS One, 5(4), e10095, DOI: https://doi.org/10.1371/
journal.pone.0010095

PORWAL, M. C., PADALIA, H. & ROY, P. S. 2012. Impact of 
tsunami on the forest and biodiversity richness in Nico-
bar Islands (Andaman and Nicobar Islands), India. Bio-
diversity and Conservation, 21(5), 1267-1287, DOI: 
https://doi.org/10.1007/s10531-011-0214-x 

PRABAKARAN, N., BAYYANA, S., VETTER, K. & REUTER, 
H. 2021. Mangrove recovery in the Nicobar archipelago 
after the 2004 tsunami and coastal subsidence. Re-
gional Environmental Change, 21, 87, DOI: https://doi.
org/10.1007/s10113-021-01811-0 

PRIMAVERA, J. H., FRIESS, D. A., VAN LAVIEREN, H. & 
LEE S. Y. 2019. The mangrove ecosystem. In: SHEP-
PARD, C. (ed.). World seas: an environmental evalua-
tion. Cambridge: Academic Press, pp. 1-31.

RAGAVAN, P., SAXENA, A., MOHAN, P. M., RAVICHAN-
DRAN, K., JAYARAJ, R. S. C. & SARAVANAN, S. 
2015. Diversity, distribution and vegetative structure of 
mangroves of the Andaman and Nicobar Islands, In-
dia.  Journal of Coastal Conservation, 19(4), 417-443, 
DOI: https://doi.org/10.1007/s11852-015-0398-4 

RAMAKRISHNAN, R., GLADSTON, Y., KUMAR, N. L., 
RAJPUT, P., MURALI, R. M. & RAJAWAT, A. S. 2020. 
Impact of 2004 co-seismic coastal uplift on the man-
grove cover along the North Andaman Islands. Region-
al Environmental Change, 20(1), 1-12, DOI: https://doi.
org/10.1007/s10113-020-01608-7 

RICHARDS, D. R. & FRIESS, D. A. 2016. Rates and driv-
ers of mangrove deforestation in Southeast Asia, 2000-
2012.  Proceedings of the National Academy of Sci-
ences, 113(2), 344-349, DOI: https://doi.org/10.1073/
pnas.1510272113 

SAHNI, K. C. 1953.  Botanical exploration in the Great Nico-
bar Island. Indian Forester, 79(1), 3-16.

SANKARAN, R. 2005. Impact of the earthquake and the 
tsunami on the Nicobar Islands. In: KAUL, R. & MENON, 
V. (eds.). The ground beneath the waves: post-tsunami 
impact assessment of wildlife and their habitats in India 
(volume II). New Delhi: Wildlife trust of India, pp. 10-77.

SIMARD, M., FATOYINBO, L., SMETANKA, C., RIVERA-
MONROY, V. H., CASTAÑEDA-MOYA, E., THOMAS, 
N. & VAN DER STOCKEN, T. 2019. Mangrove canopy 
height globally related to precipitation, temperature and 
cyclone frequency.  Nature Geoscience, 12(1), 40-45, 
DOI: https://doi.org/10.1038/s41561-018-0279-1 

SINHA, B. K. 1999. Flora of Great Nicobar Island. Calcutta: 
Botanical Survey of India. 

SPALDING, M., KAINUMA, M. & COLLINS, L. 2010. World 
Atlas of Mangroves. A collaborative project of ITTO, 
ISME, FAO, UNEP-WCMC, UNESCO-MAB and UNU-
INWEH. London: Earthscan. 

STEELE, O. C. 2006. Natural and anthropogenic biogeog-
raphy of mangroves in the Southwest Pacific [online]. 
Manoa: University of Hawaii at Manoa. Available at: 
https://www.proquest.com/openview/d461ee6d4f68f0cf
169ffe5df737d3a4/1?pq-origsite=gscholar&cbl=18750&
diss=y [Accessed: 27 August 2021].

STEINKE, T. D. & WARD, C. J. 2003. Use of plastic drift 
cards as indicators of possible dispersal of propagules 
of the mangrove Avicennia marina by ocean currents.   
African Journal of Marine Science, 25(1), 169-176, DOI: 
https://doi.org/10.2989/18142320309504007 

TERRADOS, J., THAMPANYA, U., SRICHAI, N., KHE-
OWVONGSRI, P., GEERTZ-HANSEN, O., BO-
ROMTHANARATH, S., PANAPITUKKUL, N. & DU-
ARTE, C. M. 1997. The effect of increased sediment 
accretion on the survival and growth of Rhizophora 
apiculata seedlings. Estuarine, Coastal and Shelf Sci-
ence, 45(5), 697-701, DOI: https://doi.org/10.1006/
ecss.1997.0262 

WILKIE, M. L. & FORTUNA, S. 2003. Status and trends 
in mangrove area extent worldwide. Forest Resources 
Assessment Working Paper 63. Forest Resources Divi-
sion [online]. Rome: FAO. Available at: http://www.fao.
org/docrep/007/j1533e/J1533E00.htm [Accessed: 22 
August 2021].

YUN, W. Y. 2012. Mangrove propagule dispersal and early 
growth studies of Avicennia marina and Rhizophora 
apiculata. MSc. Malaysia: Universiti Sains Malaysia.

https://doi.org/10.1016/j.foreco.2018.05.063
https://doi.org/10.1371/journal.pone.0010095
https://doi.org/10.1371/journal.pone.0010095
https://doi.org/10.1007/s10531-011-0214-x
https://doi.org/10.1007/s10113-021-01811-0
https://doi.org/10.1007/s10113-021-01811-0
https://doi.org/10.1007/s11852-015-0398-4
https://doi.org/10.1007/s10113-020-01608-7
https://doi.org/10.1007/s10113-020-01608-7
https://doi.org/10.1073/pnas.1510272113
https://doi.org/10.1073/pnas.1510272113
https://doi.org/10.1038/s41561-018-0279-1
https://www.proquest.com/openview/d461ee6d4f68f0cf169ffe5df737d3a4/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/d461ee6d4f68f0cf169ffe5df737d3a4/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/d461ee6d4f68f0cf169ffe5df737d3a4/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.2989/18142320309504007
https://doi.org/10.1006/ecss.1997.0262
https://doi.org/10.1006/ecss.1997.0262
http://www.fao.org/docrep/007/j1533e/J1533E00.htm
http://www.fao.org/docrep/007/j1533e/J1533E00.htm

	_GoBack

