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Executive summary

This report contains the results of a comprehensive ecological characterisation of the Bay of Bengal Large
Marine Ecosystem (BOBLME), produced for the United Nations Food and Agriculture Organisation (FAO)
BOBLME Project. A whole-of-system ecological characterisation that provides functional ecosystem
understanding of physical drivers, species and habitats, and the connectivity between system components
is a necessary foundation on which to develop integrated management plans. It was based on the collation
of information from a diverse range of sources including available spatial data layers, articles from of the
scientific literature, and expert opinion from regional science and management representatives from all
countries of the BOBLME. Two expert workshops in February and November 2014, and input into draft
reports was collated following these workshops.
This study summarises the high level drivers on ecological systems of the BOBLME, including the substantial
influences from a tropical monsoonal climate and major oceanic current systems within the Indian Ocean.
These include major differences in seasonal current strength and direction, winds direction and strength,
major differences in rainfall in many areas and cyclone activity. These major seasonal features drive
productivity in many areas by way of upwelling processes, input of terrestrial nutrients, mixing of surface
waters, breakdown of thermoclines, and mixing of sub-surface waters by internal waves, eddies and von
Karman vortices.
The ecological characterisation process resulted in the identification of 29 subsystems, referred to as
‘provinces’. These are used to describe the range of ecological systems within the BOBLME region, and
include shallow shelf, slope, deep abyssal and offshore ridge systems. Each is defined by a unique range of
physical drivers and ecological features and their place within a broader hierarchical, regional framework to
ensure representation and regional context. The major physical drivers included depth, major geomorphic
characteristics, terrestrial and river input, and water mass characteristics. The presence of major ecological
communities (e.g. mangrove forests, coral reefs, seagrass beds, canyon systems) were also used to define
system boundaries, especially in some coastal shelf provinces. Provinces vary from globally significant
deltaic coastal systems with major freshwater influences, to highly oligotrophic waters dominated by coral
reefs, open ocean pelagic communities and large areas of deep abyssal plains.
This confluence of features results in a highly productive and ecologically diverse region. There are
substantial and complex challenges associated with ensuring the long term sustainability of the large
number of diverse and high value ecological assets that are either shared between countries or impacted
by neighbouring countries. Many fished and/or threatened species are highly migratory or have variable
distributions and/or have vulnerable life history characteristics. Many of these highly valued species also
depend on ecological communities that are shared between jurisdictions and/or are vulnerable to human
induced impacts.
The long term sustainability of the marine ecological systems within the BOBLME is going to require a clear
understanding of the functioning of the ecological systems that support the exploited and highly valued
species and habitats. Integrated governance processes within this complex region will also be critical to the
long term health of these shared resources, including the more urgent task of halting and reversing the
decline of the more heavily impacted and threatened species and communities that provide essential
ecosystem services for coastal communities and industry.
This report recommends the development of fully integrated approaches that considers the human system
(needs, values and governance) and the ecological system (described here), and involving stakeholders in a
transparent way in the planning and implementation of activities in the marine and coastal domain. A road
map and first steps is suggested including the use of case studies for key seascapes (regions of ecological,
social and/or governance unity) to develop generic processes and solutions to common vulnerabilities
and/or problems, while addressing resource use, conservation and development objectives across all
relevant stakeholder scales (local, provincial, nation and, if necessary, multinational). These processes and
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solutions could then be used as a template to formulate integrated management plans for other seascapes
in the region, leading to a “whole of system” integrated plan supported by all levels of government.
The project has already linked with companion modelling and ecosystem conservation projects being
conducted within the region. The systematic approach implemented has allowed participants to
methodically review, compile and interpret existing information and knowledge into a comprehensive
assessment of the ecosystems of BOBLME, and to identify gaps in existing data and knowledge. The
descriptions of linkages across ecosystems has highlighted to stakeholders involved, the importance of
ecological processes and values that are linked across the BOBLME region, and hence their implications for
management of local and more regional ecological assets and threats. This will be important once actions
are taken in relation to management of trans-boundary issues as well as conservation and management of
significant ecosystems features and resources. The approach used has the added benefit of requiring the
active participation of in-country experts. We were duly impressed by the enthusiasm and substantive
collegial contribution made by all experts who participated in this project and the workshops and thank all
involved for their important contributions.

.
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1 Introduction

In recent years, the management of Large Marine Ecosystems (LMEs) has become a focus of
international ocean governance and management. This is a response both to the declining condition
of coastal and ocean resources that are critical to the health and wellbeing of coastal communities
that rely on them (Wang 2004), and to an integrated trans-boundary approach between
neighbouring countries being a critical requirement of effective management of resources which are
often shared or interdependent. The current world-wide practice of establishing LME projects aims
to adopt an integrated ecosystem-based approach to the assessment and management of the
marine environment and its resources (Sherman 1999).
Bangladesh, India, Indonesia, Malaysia, Maldives, Myanmar, Sri Lanka and Thailand are working
together through the Bay of Bengal Large Marine Ecosystem (BOBLME) Project to lay the foundations
for a coordinated program of action designed to better the lives of the coastal populations through
improved regional management of the Bay of Bengal coastal and near-shore living marine resources.
The BOBLME region is a highly productive marine ecological system containing a wide range of highly
valuable, species-rich and diverse ecological systems, and subject to substantial inputs and inflows
from eight highly populated countries that share the region. It is one of the most unique and at-risk
marine ecological systems in the world when evaluated based on the confluence of these features.
Individual countries in the Bay of Bengal have generated a considerable amount of information on
the marine environment and its resources. However, to-date there has been very few attempts to
integrate this information to produce a system-wide overview. In doing so we will gain a better
understanding of how the BOBLME functions at multiple scales. This information would also provide
a fundamental baseline understanding for future activities relating to trans-boundary management
of the natural marine resources of the BOBLME region.
An ecological characterisation that identifies ecosystem components such as species and habitats,
their physical drivers, and the connectivity between system components, is a necessary foundation
on which to develop integrated management plans (Figure 1-1). An ecosystem characterisation
process, including expert workshops and bioregionalisation, provides a framework to capture
established knowledge and to link and integrate different fields of study such as oceanography,
geomorphology and biology, and at a scale that is relevant to managers, science providers and the
community.
Benefits of a bioregionalisation fall into 3 broad categories (Rice et al., 2011): 1) bioregions provide a
framework for assessing status, trends and threats at a useful scale; 2) they can be expected to
respond in more coherent and consistent ways to management actions; and 3) bioregions can be
used as a basis for research, forecasting and proactive management. One of their most direct
benefits is their utility for ecologically representative networks of marine protected areas (MPAs).
This report provides a hierarchical and systematic regionalisation of biophysical systems for
the BOBLME region, as well as primary descriptions of system and subsystem structure and
functioning, including system components, significant features and interactions between
systems. The report reviews and integrates information from several sources — reports,
published papers, natural resource datasets and local expert opinion — in order to provide a
relatively time and cost effective overview of BOBLME biophysical characterisation at a range
of scales. We have focused on applying a trans-boundary approach so that both system
functioning and linkages can be described.
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Figure 1-1 Flow of information and management tasks for large scale integrated management and planning.
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2 Approach

2.1 General approach
The Bay of Bengal Large Marine Ecosystem (BOBLME) Project requested CSIRO to deliver an
ecosystem characterisation for the Bay of Bengal marine systems. To achieve this CSIRO integrated
information from available science reporting, input from experts in the region and data from
available spatial data layers to provide a description of the Bay of Bengal marine systems. Biophysical
characteristics and drivers of the marine communities (e.g. depth, geomorphology, oceanography)
are used within a hierarchically structured framework to explain differences in species and
community structures, at a range of scales, from large ocean basin to province (see Chapter 6).
This approach involves considering the broad set of regional systems and drivers that are
differentiated by large-scale oceanographic drivers. A regional set of systems and subregions was
then defined based primarily on differences in the processes operating on the continental shelf, the
continental slope and the deep ocean or abyssal plains. Following that, subregions were defined
based on differences in other important habitat drivers such as water temperature, current patterns
and geomorphology, such that each subregion has a unique combination of habitats, communities
and other features. Important ecological features and more specific processes associated with those
features were also used to help identify major subregions. These subregions, defined as provinces,
are used as the main unit for characterising the ecological systems within the BOBLME.
Expert workshops became a critical part of the project’s information gathering due to (i) the lack of
available data in many regions and (ii) the time it would take to analyse available data sets. Experts
from the BOBLME member countries were invited to project workshops where their expert opinion,
grey literature and some data were discussed and integrated to provide relatively comprehensive
descriptions of most marine provinces within the Bay of Bengal.
Outputs
1) Interactive workshops presented information that was verified with regional experts.
2) A report (below) containing descriptive narrative, diagrams, maps and other visual descriptors,
sources or data layers and information on the structure and function of BOBLME subregions,
including identification of major ecological trans-boundary issues.
3) An electronic presentation provided results for use in future forums.
4) Development of capacity in regional experts that attended workshops, in particular, through
increased understanding of the integration of physical and biological information to build a
broad, whole-of-system understanding for a wide variety of regions within the BOBLME.
The collaboration of CSIRO experts and BOBLME domain experts, in conjunction with other sourced
information and analyses of key data layers has provided the BOBLME with a highly cost-effective
process for developing an ‘ecological characterisation’ of the region. This group formed a common
understanding of the project goals and approach, followed by practical sessions to combine their
knowledge to support development of a draft ecological characterisation.
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3 Data

3.1 Physical data
3.1.1 TEMPERATURE, SALINITY, DISSOLVED OXYGEN, NITRATE, PHOSPHATE AND
SILICATE – CSIRO ATLAS OF REGIONAL SEAS (CARS2009)
CARS2009 is a set of seasonal maps of temperature, salinity, dissolved oxygen, nitrate, phosphate
and silicate generated using Loess mapping from all available oceanographic data in the region. We
have extracted data from the Bay of Bengal Large Marine Ecosystem (BOBLME) region, on a 0.5
degree grid, at a range of depths (surface, 200 m, 200 m, 500 m, 1000 m, 2000 m, 2500 m, 3000 m,
3500 m and 4000 m) from the 56 standard depth levels available in the CARS database
(http://www.marine.csiro.au/~dunn/cars2009/plots_index.html).

3.1.2 MONTHLY MEAN SEA SURFACE TEMPERATURE AND CHLOROPHYLL A
Monthly mean sea surface temperature (SST) and chlorophyll-a (Chla) are derived from the MODIS
(MODerate resolution Imaging Spectroradiometer), a key instrument aboard the Terra (EOS AM) and
Aqua (EOS PM) satellites (Feldman and McClain, 2008). The MODIS satellites view the entire Earth's
surface every one to two days at a nominal 1 km resolution. SST has been captured from the Terra
platform since 1995, while Chla has been captured from the Aqua platform since 2002. For an
example, see Figure 3-1.

Figure 3-1 Average chlorophyll-a concentrations (mg/m3) in the Bay of Bengal Large Marine Ecosytem region
during December 2010 (from the Giovani website).
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3.1.3 PRIMARY PRODUCTIVITY
Primary productivity products presented in this report were obtained from
http://mersea.jrc.ec.europa.eu/products.jsp. This product was derived from surface concentrations
of Chla (SeaWiFS) with a wavelength and depth-resolved model, essentially following the principles
found in Longhurst et al. (1995). It uses biogeographical provinces (Longhurst 1998) to define the
values of the photosynthetic parameters of the light-photosynthesis curve and the structure of the
chlorophyll vertical profile. Photosynthetic parameters have been updated based on an extended
dataset provided by the Bedford Institute of Oceanography and an extensive literature review.
Spectral surface irradiance is estimated with the model of Gregg and Carder (1990) combined with a
correction for cloud cover. Spectral light is subsequently propagated in the water column with a biooptical model with updated parameterisations of the inherent optical properties. All changes to the
original implementation of Longhurst et al. (1995) are detailed by Mélin (2003). The calculations are
done using monthly global maps of surface concentrations of Chla provided as SeaWiFS product
(Reprocessing 5.1) by the Goddard Space Flight Center (NASA). Presented in this report is data from
sea surface Chla concentration derived from SeaWiFS: a) standard OC4-V4 algorithm, reprocessing
5.1 by the Goddard Space Flight Center (NASA), and b) Mediterranean Sea CNR Med-OC4 regional
algorithm.
Data Source: MERSEA (Marine Environment and Security for the European Area) (2006). Monthly
Averaged primary production for the global oceans derived from SeaWiFS data from September 1997
to December 2004 http://mersea.jrc.ec.europa.eu/products.jsp.

3.1.4 SEASONAL PRIMARY PRODUCTION
Seasonal primary production (PP) and sea surface height (SSH) are from MODIS Aqua satellite (see
http://modis.gsfc.nasa.gov/data). No additional processing or quality control was undertaken on this
dataset. The satellite measures water leaving radiances at a variety of wavelengths; these are
converted by a series of algorithms to obtain the Chla estimate. The algorithms are described in a 50page document titled Algorithm Theoretical Basis Document Bio-Optical Algorithms - Case 1 Waters,
available at http://modis.gsfc.nasa.gov/data/atbd/atbd_mod18.pdf. Parameter accuracy is
incorporated in this document. PP is based on Chla and measured in mg carbon per square metre
with an accuracy of ±20%.

3.1.5 BATHYMETRY
Bathymetry is based on the GEBCO 2003 One Minute Grid, a product of the General Bathymetric
Chart of the Oceans (GEBCO) Project. GEBCO consists of an international group of experts who work
on the development of a range of bathymetric datasets and data products.
Broader scale analysis was performed on ETOPO2v2G 2-minute Gridded Global Relief Data (U.S.
Department of Commerce, National Oceanic and Atmospheric Administration, National Geophysical
Data Centre, 2006, http://www.ngdc.noaa.gov/mgg/global/etopo2.html.)
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3.1.6 GEOMORPHOLOGY
Geomorphology presented in this report was extracted from the Global Seafloor Geomorphic
Features Map (Harris et al. 2014, Figure 3-2) http://geoiq.grida.no/maps/1136.
Table 3-1 Hierarchy of geomorphic features mapped in Harris et al. 2014 and used in this report. Detailed
explanation to help interpret geomorphology maps is given below*.
1. Shelf
5. Low relief (<10 m)

2. Slope
10. Terraces

3. Abyssal

4. Hadal

11. Abyssal plains (<300 m
relief)

6. Medium relief (10-50 m)

12. Abyssal hills (300-1000 m
relief)

7. High relief (>50 m)

13.
Abyssal
(>1000 m relief)

8. Shelf valleys

14. Continental rise

9. Glacial troughs

15. Mid-ocean ridge

Coral reefs*

16. Rift Valley

mountains

17. Basins** (shelf perched)

17. Basins** (slope perched)

17. Basins**

17. Basins**

18. Sills

18. Sills

18. Sills

18. Sills

19. Escarpments

19. Escarpments

19. Escarpments

20. Seamounts

20. Seamounts

20. Seamounts

21. Guyots

21. Guyots

22. Canyons (shelf incising)

22. Canyons (shelf incising)

23. Canyons (blind)

23. Canyons (blind)

24. Ridges

24. Ridges

24. Ridges

25. Troughs

25. Troughs

25. Troughs

26. Trenches

26. Trenches

27. Bridges

27. Bridges

28. Fans

28. Fans

29. Plateaus

29. Plateaus

*Mutually exclusive base layer features are the shelf, slope, abyss and hadal zones. Classification layers were
produced for the shelf (low, medium and high profile) and abyssal layers (plains, hills and mountains), based on
an analysis of vertical relief as described in the text. The occurrence of some features is confined to one of the
base layers, whereas the occurrence of other features is confined to two or more base layers, as illustrated by
blue shading. Elsewhere the feature layers and classification layers may overlay each other (e.g. escarpments
on seamounts; ridges and seamounts on abyssal mountains). Basins and sills are the only features that occur
over all four base layers. *The coral reefs layer was obtained from the Reefs at Risk Revisited database (WRI,
2011). It was not modified in any way and is included here for convenience and reference purposes.
**Includes: a) major ocean basins (abyssal and hadal zones), b) large basins of seas and oceans (large to
moderate size, abyssal and hadal zones); c) small basins of seas and oceans (small size, abyssal and hadal
zones), d) basins (small to moderate size) perched on the continental slope and e) basins (small to moderate
size) perched on the continental shelf.
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Figure 3-2 Image of the global geomorphology data used in this report.

3.1.7 GLOBAL SEDIMENT THICKNESS
Global_Oceans_GIS\Data\grid\sedthick_null
Data Source: Divins, D.L., NGDC Total Sediment Thickness of the World's Oceans & Marginal Seas.
http://www.ngdc.noaa.gov/mgg/sedthick/sedthick.html

3.1.8 SEA FLOOR AGE
Age, spreading rates and spreading asymmetry of the world's ocean crust
Global_Oceans_GIS\Data\grid\fin_age_my2
Data Source: Muller, R. D., M. Sdrolias, C. Gaina, and W. R. Roest (2008), Age, spreading rates, and
spreading asymmetry of the world's ocean crust, Geochem. Geophys. Geosyst., 9, Q04006,
doi:10.1029/2007GC001743 http://www.ngdc.noaa.gov/mgg/image/crustalimages.html.

3.1.9

SEA FLOOR TEMPERATURE

The data presented in this report are extracted from Global Sea Floor Temperature. Data Source:
Locarnini, R. A., A. V. Mishonov, J. I. Antonov, T. P. Boyer, and H. E. Garcia, 2006. World Ocean Atlas
2005, Volume 1: Temperature. S. Levitus, Ed. NOAA Atlas NESDIS 61, U.S. Government Printing
Office, Washington, D.C., 182 pp. (Data from each depth level merged to produce a pseudo depth
grid of temperature) http://mersea.jrc.ec.europa.eu/products.jsp.
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3.1.10 WATER CATCHMENTS AND RIVERINE FLOW
The data presented here for water catchments and basins (HydroSHEDS V1.0 Lehner, Verdin, and
Jarvi 2006) that drain into the BOBLME provinces region were subsetted by the CSIRO project team.
HydroSHEDS (Hydrological data and maps based on SHuttle Elevation Derivatives at multiple Scales)
provides hydrographic information in a consistent and comprehensive format for regional and globalscale applications. HydroSHEDS offers a suite of geo-referenced datasets (vector and raster),
including stream networks, watershed boundaries, drainage directions, and ancillary data layers such
as flow accumulations, distances, and river topology information.
HydroSHEDS is derived from elevation data of the Shuttle Radar Topography Mission (SRTM) at 3 arcsecond resolution. The original SRTM data have been hydrologically conditioned using a sequence of
automated procedures. Existing methods of data improvement and newly developed algorithms
have been applied, including void-filling, filtering, stream burning, and upscaling techniques. Manual
corrections were made where necessary. Preliminary quality assessments indicate that the accuracy
of HydroSHEDS significantly exceeds that of existing global watershed and river maps.
The goal of developing HydroSHEDS was to generate key data layers to support regional and global
watershed analyses, hydrological modelling, and freshwater conservation planning at a quality,
resolution and extent that had previously been unachievable. Available resolutions range from 3 arcsecond (approx. 90 m at the equator) to five minutes (approx. 10 km at the equator) with seamless
near-global extent.
HydroSHEDS has been developed by the Conservation Science Program of World Wildlife Fund
(WWF), in partnership with the U.S. Geological Survey, the International Centre for Tropical
Agriculture, The Nature Conservancy (TNC), and the Center for Environmental Systems Research of
the University of Kassel, Germany. Major funding for this project was provided to WWF by
JohnsonDiversey, Inc.

3.2 Biological data
3.2.1 CORAL REEFS
Dataset description
The dataset represents the global distribution of warm water coral reefs and should be seen an
‘interim’ global product. It has been compiled from a number of data sources which have been
merged by the United Nations Environment Programme World Conservation Monitoring Centre
(UNEP-WCMC) and the WorldFish Centre in collaboration with World Resources Institute (WRI) and
The Nature Conservancy (TNC). It supersedes the dataset used in the World Atlas of Coral Reefs
(2001), although some aspects of this product still originate from that data source. This amalgamated
dataset has been created to further mobilise the Millennium Coral Reef Mapping products and their
validation. This dataset does not replace the official release of the Millennium Coral Reef Map and
users should always check at the official sites for the most up-to-date information. This dataset does
not contain the full five-level geomorphological categorisation. In part, for the validated products, it
maintains the simplified Reefbase subset but for the remaining areas, that is, the unvalidated data
and data from other sources, there is only a single class to indicate coral reef http://data.unepwcmc.org/datasets/13.
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The approximate percent coverage of data sources are as follows:




Millennium Coral Reefs (unvalidated) 50%
Millennium Coral Reefs (validated) 30%
other sources – 20%.

The dataset comprises three main components and must be cited in the following manner, which
strictly maintains the three separate entities in their entirety:
1.

2.

3.

Millennium Coral Reef Mapping Project validated maps provided by the Institute for
Marine Remote Sensing, University of South Florida (IMaRS/USF) and Institut de
Recherche pour le Development (IRD, Centre de Nouméa), with support from NASA.
Millennium Coral Reef Mapping Project unvalidated maps provided by the Institute for
Marine Remote Sensing, University of South Florida (IMaRS/USF), with support from
NASA. Unvalidated maps were further interpreted by UNEP-WCMC. Institut de
Recherche pour le Development (IRD, Centre de Nouméa) do not endorse these
products.
Other data have been compiled from multiple sources by UNEP-WCMC. Full source
information is attached to individual polygons. For display and use of data below the
global scale please check and cite individual data sources according to the citations
within the full source table provided with this dataset

3.2.2 MANGROVES
Mangrove data distribution data used in this study (maps and area analysis) was from the Global
Distributions of Mangroves UNEP-WCMC http://data.unep-wcmc.org/datasets/4.

Dataset description
Status and distributions of global mangroves have been mapped using recently available Global Land
Survey (GLS) data and the Landsat archive. Approximately 1000 Landsat scenes were interpreted
using hybrid supervised and unsupervised digital image classification techniques. Each image was
normalised for variation in solar angle and Earth – sun distance by converting the digital number
values to the top-of-the-atmosphere reflectance. Ground truth data and existing maps and databases
were used to select training samples and also for iterative labelling. Results were validated using
existing geographic information system (GIS) data and the published literature to map ‘true
mangroves’.
Citation: C. Giri [1]*, E. Ochieng [2], L. L. Tieszen [3], Z. Zhu [4], A. Singh [5], T. Loveland [3], J. Masek
[6] and N. Duke [7] [1] ARSC Research and Technology Solutions, contractor to US Geological Survey
(USGS) Earth Resources Observation and Science Center (EROS), Sioux Falls, SD 57198, USA, [2]
United Nations Environment Programme, United Nations Avenue, Gigiri, PO Box 30552, 00100,
Nairobi, Kenya, [3] US Geological Survey, Earth Resources Observation and Science Center (EROS),
Sioux Falls, SD 57198, USA, [4] US Geological Survey, Reston, VA 20192, USA, [5] United Nations
Environment Programme, Washington, DC 20006, USA, [6] Goddard Space Flight Center, National
Aeronautics and Space Administration, Greenbelt, MD 20771, USA, [7] Centre for Marine Studies,
Marine Botany Group, c/-Gehrmann Building (60), Level 8, The University of Queensland, Brisbane,
QLD 4072, Australia.
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3.2.3 SEAGRASS
Seagrass information was obtained from two UNEP-WCMC datasets. Data was derived from both
these datasets for each of the BOBLME provinces.

Dataset description
1) Global Distribution of Seagrasses-Polygons and Point Dataset (2005)
This dataset shows the global distribution of seagrass. It is composed of two subsets of point
and polygon occurrence data, which should be displayed together. It was compiled by UNEP –
WCMC in collaboration with Dr Frederick T. Short (University of New Hampshire, USA).
Green EP, Short FT (2003). World atlas of seagrasses. Prepared by UNEP World Conservation
Monitoring Centre. Berkeley (California, USA): University of California. 332 pp.
UNEP-WCMC, Short FT (2005). Global distribution of seagrasses (version 2). Updated version of
the data layer used in Green and Short (2003). Cambridge (UK): UNEP World Conservation
Monitoring
Centre.
URLs:
http://data.unep-wcmc.org/datasets/7
(polygons)
and
http://data.unep-wcmc.org/datasets/9 (points)
2) Global Seagrass Species Richness (2003)
This dataset shows the global distribution of seagrass species richness. It was created by UNEPWCMC in collaboration with Dr Frederick T. Short (University of New Hampshire, US). The ranges
of individual seagrass species were combined so as to produce a layer showing the number of
species present in given areas. The boundaries do not represent actual ranges as seagrass are
distributed in waters shallow enough for sunlight to penetrate. No surface area calculations
should be attempted.
http://www.arcgis.com/home/item.html?id=602b6f6acb674774925f47e6fb2a61bd
UNEP-WCMC, Short FT (2003). Global seagrass species richness. In Supplement to: Green and
Short (2003). Cambridge (UK): UNEP World Conservation Monitoring Centre. URL:
http://data.unep-wcmc.org/datasets/
Green EP, Short FT (2003). World atlas of seagrasses. Prepared by UNEP World Conservation
Monitoring Centre. Berkeley (California, USA): University of California. 332 pp. URL:
https://archive.org/details/worldatlasofseag03gre
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4 Broadscale biophysical drivers

The Bay of Bengal Large Marine Ecosystem (BOBLME) sits within the Indian Ocean Basin. This basin is
geographically bound by landmasses to the north and east, and to the west by the countries and
islands of South-East Asia and the Australian west coast. The southern boundary is oceanographic
and driven by global circulation. However, these boundaries are fluid due to their seasonal and
longer term cyclical patterns. The resulting circulation is complex due to the seasonal reversal of the
monsoons.
The biophysical drivers of marine systems play a critical role in determining the habitats that are
available for marine ecological communities. They warrant some detailed description in order to
understand the range of different ecological systems that occur within the BOBLME. The major largescale (Indian Ocean) ecosystem drivers include ocean circulation, climate, water masses, tectonics,
continental drift and basin evolution.
At the finer scale of the Bay of Bengal most of these broad-scale drivers remain important. However,
additional more local drivers such as bathymetry, geomorphology, terrestrial and riverine input, and
productivity become critical. These drivers create a wide range of unique biophysical conditions that
support different and unique ecological communities. The following sections describe these drivers
to help provide an understanding of how ecological systems function within the BOBLME.

4.1 Bathymetry
The bathymetry of the Bay of Bengal region is highly variable (Figure 4-1). Depth is one of the major
drivers of species distribution, indicating that this LME is a region of relatively high habitat and
ecosystem diversity. The Bay of Bengal is characterised by a narrow continental shelf and slope, a
large central basin (Bengal Basin) ranging between 2000 m and 4000 m depth and the Andaman
Basin (Figure 4-1, Figure 4-2). Exceptions to the narrow shelf include the extensive sediment fans that
extend well beyond the mouths of the Ganges-Brahmaputra and Ayeyarwady-Irrawaddy delta
systems. The Bengal Fan is one of the two major submarine fans in the northern Indian Ocean. It is
the largest deep-sea fan in the world, with a length of 3000 km and maximum width of 1430 km. The
fan is derived from sediments eroded from the Himalayas and transported by the GangesBrahmaputra river system. The smaller Irrawaddy Fan in the Andaman Sea extends up to 250 km in
the centre of the Gulf of Maratban (Rao et al. 2005). Other areas in the BOBLME region where the
continental shelf broadens include the Palk Strait and the Strait of Malacca. The Palk Strait is a 53 to
80 km wide shallow strait separating India and Sri Lanka. The Strait of Malacca varies from about 8 to
300 km in width and was formed by scouring from strong currents following sea-level rises during the
last ice age (Bird et al. 2006).
The continental slope is also narrow through most of the Bay of Bengal with exceptions in the
southern Andaman Sea to the east and on either side of the Palk Strait. In the northern Andaman
Sea, the shelf break is at the 110 m isobath and depth increases rapidly beyond this to approximately
2000 m.
The Bengal Basin environments vary from <500 m to >4000 m depth (Figure 4-1). The western and
central Andaman Sea are characterised by basin environments between 900 and 3000 m depth. This
region includes a system of submarine valleys to the east of the Andaman and Nicobar Ridge which
exceed 4000 m depth and the seabed is characterised by relatively coarse sediments (see Section
7.18.2 - Andaman Abyss). The Cocos Basin (Figure 4-1) includes a deep subducting zone where the
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Indo-Australian plate is being forced under the Sunda shelf section of the Eurasian plate, and reaches
depths of >5000 m.

Bengal Basin

Cocos Basin

Figure 4-1 Bathymetry of the Bay of Bengal Large Marine Ecosystem.

Figure 4-2 Bathymetry demarkations as described by Tomczak and Godfrey (2003).
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4.2 Climate and oceanography
The Bay of Bengal is situated in the north-eastern region of the Indian Ocean. The climate and
oceanography of the BOBLME region is influenced mainly by the seasonally-reversing Indian Ocean
wind and current systems (Sreenivas et al. 2012) (Figure 4-3). The climate of the BOBLME region is
tropical, with two monsoon periods. This is characterised by the north-east, or winter monsoon
when cold, dry air flows over the region from the Asian interior; and the south-west, or summer
monsoon when warm, moist air flows into the region from the Indian Ocean (Figure 4-3). This climate
also generates tropical cyclones in many BOBLME regions, usually in the spring – summer transition
(April – May) and autumn – winter transition (October – November) (Figure 4-6). This monsoonal
regime governs the climate of the BOBLME and the water chemistry of the ocean, and influences the
ocean currents and the many biophysical processes that these currents drive within this system. In
winter the regional humidity is lowest, the ocean receives little rainfall or runoff (in most regions),
and hence surface salinities are high. During the summer monsoon, huge volumes of freshwater
runoff from the larger rivers cause low surface salinity in the northern third of the Bay of Bengal.
The oceanography in the BOBLME region is also influenced by the regional climate. The onset of the
north-east monsoon (winter) is characterised by the eastward flowing North Equatorial Current (NEC)
that flows above the thermocline, moving warm and fresher waters from the eastern equatorial
Indian Ocean towards African coast. This current mostly flows north of the equator. South of this
current the Equatorial Counter Current (ECC) flows from west to east (Figure 4-3). At this time of
year, the basin-wide circulation in the Arabian Sea is counter clock-wise and features a southward
flowing current along Somalia and Arabia; while the West India Coastal Current (WICC) moves
northward along the western Indian coast (Prasanna Kumar et al. 2004). Within the Bay of Bengal,
basin-wide circulation is not well-defined at this time of year (Figure 4-4).
As the season changes from the north-east monsoon to the south-west monsoon, the surface
circulation in the northern Indian Ocean also reverses with the NEC now replaced with eastward
flowing South Monsoon Current (SMC). The ECC becomes undistinguishable from SMC as it merges
with it. The basin-wide currents in the Arabian Sea reverses to clock-wise with a strong current
flowing northward along the coasts of Somalia and Arabia, while the WICC flows along the west coast
of India reverses and flows southward (Shetye et al., 1990). The currents in the open Arabian Sea are
zonal and eastward. Similar to the north-east monsoon, the basin-wide circulation in the Bay of
Bengal is disorganized with a number of cyclonic and anti-cyclonic circulation cells and meso-scale
eddies (Figure 4-4). These sub-surface eddies either pump cold, nutrient rich water to the surface
productive zone, or warm, oligotrophic surface waters below the thermocline. Figure 4-7 depicts subsurface cold-core eddies that support enhanced biological production during the summer south-west
monsoon (also see Section 4.4).
The change in seasons from the north-east monsoon to the south-west monsoon (spring
intermonsoon) as well as from south-west monsoon to winter (fall intermonsoon) generates an
equatorial jet known as the Wyrtki jet semi-annually. It propagates a semi-annual eastward Kelvin
wave along the equator. This wave hits the Sumatra coast and part of the energy of this wave is used
in generating coastally trapped Kelvin waves which flow away from the eastern boundary as
westward propagating Rossby waves into the interior of the Bay of Bengal and influencing the East
India Coastal Current (Potemra et al. 1991; Rao et al. 2010) (Figure 4-5).
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Figure 4-3 The generalised annual evolution of surface currents within the northern Indian Ocean, SEC South Equatorial Current, NEC - North Equatorial Current, ECC - Equatorial Countercurrent, SWMC – Southwest Monsoon Current, EAC – East Arabian Current, EIC – East Indian Current. Adapted from Tomczak and
Godfrey (2003) and Cutler and Swallow (1984).

The upper ocean circulation in the Bay of Bengal is complex because the circulation reverses semiannually. The reversal is not strictly in accordance with the reversal in wind direction. In addition to
the local winds, the remote forcing plays a major role in controlling the semi-annual reversals
(Potemra et al. 1991; Yu et al. 1991; Perigaud and Delecluse 1992; Prasanna Kumar and Unnikrishnan
1995; McCreary et al. 1993, 1996; Shetye et al. 1996; Vinayachandran et al. 1996; Shankar et al.
1996; Eigenheer and Quadfasel 2000). The basin-wide circulation in the Bay of Bengal is very
unpredictable and consists of several meso-scale cyclonic and anti-cyclonic eddies during summer
and winter monsoons when the winds are stronger and more consistent. In contrast, the circulation
is most predictable when the winds are weak and variable during spring and fall intermonsoons
(Prasanna Kumar and Narvekar 2015). During late winter and spring a clock-wise, seasonal, basinwide, subtropical gyre develops in the Bay, while during late summer and autumn the circulation in
the Bay is anti-clockwise.
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Figure 4-4 Surface circulation in the Bay of Bengal during summer (upper) and winter (lower) obtained by
deriving geostrophic currents based on monthly mean climatology of sea level anomaly during the period
1993 to 2012. Note that the circulation is relatively un-organized during both seasons. Also note that the
circulation is dominated by numerous meso-scale cyclonic and anti-cycloni eddies (Prasanna Kumar and
Narvekar 2015).
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Figure 4-5 Surface circulation in the Bay of Bengal during spring (upper) and autumn (lower) intermonsoons
obtained by deriving geostrophic currents based on monthly mean climatology of sea level anomaly during
the period 1993 to 2012. Note the seasonal subtropical gyre (clock-wise circulation) with strong western
boundary current during spring (upper panel) and a reverse circulation (anti-clock-wise) during autumn
(lower panel) intermonsoons (Prasanna Kumar and Narvekar 2015). Also note the presence of meso-scale
cyclonic and anti-cyclonic eddies.
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These effects on the current patterns in the Bay of Bengal are modified by the inter-annual variation
in the strength of ocean-scale, seasonal equatorial wind. These winds generate upwelling and
downwelling Kelvin waves that vary with the strength of the effect of the Indian Ocean Dipole.
During El Niño years, the upwelling from Kelvin waves is stronger than at other times (Sreenivas et al.
2012). Equatorial Rossby waves occasionally feedback on these Kelvin waves, strengthen the
upwelling. These upwelling and downwelling events alter the thermocline depth in the Bay of Bengal.
This in turn increases the heat potential of cyclones in the region (Sreenivas et al. 2012).
In contrast, the current flow patterns in the Andaman Sea are less complex than in the Bay of Bengal.
The dominant feature of the upper-ocean circulation in the Andaman Sea is the predictable
northward current along the eastern boundary during the summer monsoon, with a high sea level
anomaly hugging the coast. In contrast, during the winter monsoon, the current along the eastern
boundary is southward with a low sea level anomaly hugging the coast (Prasanna Kumar and Vrinda
Sharma 2015). During both the seasons the interior of the Andaman Sea shows several meso-scale
eddies similar to that of the interior of the Bay of Bengal (Figure 4-8).

Figure 4-6 Northern Bay of Bengal showing pathways of selected, representative cyclone tracks.
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Figure 4-7 Sub-surface, cold-core eddies caused by opposing wind and current forces during the summer
south-west monsoon (reproduced from Kumar et al. 2013).

4.3 Characterisation of water masses
Applying the ecosystems characterisation framework (Lyne et al. 2006b; Brewer et al. 2007) to the
Bay of Bengal requires understanding the structure and dynamics of both the water masses (the
pelagic environment) and the seafloor (the demersal environment) and how they interact. To start
with, characterisations of the structure of the demersal and pelagic environments need to be derived
as components of the ecosystems. The joint CSIRO–BOBLME workshop conducted in Thailand in
February 2014 focused primarily on characterising the demersal environment of the Bay of Bengal.
The pelagic structure needs to be resolved in order to produce a more holistic view of the ecosystem
characterisation.
A basic understanding of pelagic systems can be gleaned from Figure 4-9. However, in order to
resolve ecosystem differentiators specifically within the BOBLME, we describe a more detailed
structure of the deep-ocean water masses offshore of the continental shelves in the Bay of Bengal
following methodology developed for the oceans around Australia by Lyne and Hayes (2005). We
refer the reader to that report for technical explanations of the approach.
A global water mass characterisation using the World Ocean Atlas (Version 1A), previously reported
by Lyne et al. (2006a), is used as the basis of the water mass descriptions and characterisations for
the Bay of Bengal. In brief, this characterisation is a hierarchical set of classifications that describe
increasing levels of structuring in the world oceans in 3D (using the standard depth levels in the
World Ocean Atlas). We used the 30-level water mass characterisation (corresponding approximately
to Level 2 in the classification hierarchy) to describe the water masses in the Bay of Bengal (Figure
4-10). This is the finest level of classification developed by Lyne et al. (2006a).
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Figure 4-8 Seasonally reversing surface circulation in the Andaman Sea during summer (left) and winter
(right) obtained by deriving geostrophic currents based on monthly mean climatology of sea level anomaly
during the period 1993 to 2013 (Prasanna Kumar and Sharma 2015). Note that the currents along the eastern
boundary are mostly northward in summer and southward in winter with more complex circulation in the
interior Andaman Sea.

Table 4-1 shows sections of the water masses taken at various latitude and longitudes as noted in the
first column. For reference to the sections, a gridded map of the Bay of Bengal is also presented in
Figure 4-11. In each of the sectional water mass plots, the 30 characterised water masses used in the
global classification are uniquely identified by the colours shown in the legend in the plot. Note that
the colours have no meaning other than to identify the water mass.
The 500 m sections in Table 4-1 are meant to identify the structures seen in the near-surface water
masses, whereas the 3000 m sections show the changes in the deep water masses and the contrast
in these structures across the basins in the BOBLME. These basins comprise: 1) The core of the Bay of
Bengal – the Bengal Basin, 2) the Andaman Sea – Andaman Basin, and 3) the Cocos Basin. There is
also an element of the Arabian Sea in the BOBLME region. Of interest in the deeper section are
changes due to topographic structures and changes in the topography of the seafloor.
In these characterisations, we are endeavouring to decipher and establish the location of the major
changes in water masses across, and by depth, in the Bay of Bengal. We first describe the changes in
water mass structure and then attempt to define preliminary demarcations of changes in the water
masses.
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Figure 4-9 Depth zonation diagram describing the basic features of pelagic ecosystems.

Figure 4-10 Plots of the 30-class classification of global water masses (from the 30-class global water mass
characterisation of Lyne et al. 2006b) at four depth levels. Note that the colour scheme does not imply any
explicit changes in water properties such as temperature.
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Figure 4-11 Gridded Google Earth location map providing an indication of the latitude and longitude sections
used in describing the structure of the water masses in the Bay of Bengal.

Zonal Sections (along constant Latitude)
Table 4-1 Characterisation of zonal sections of water masses (from the 30-class global water mass
characterisation of Lyne et al. 2006b) across the Bay of Bengal along a constant latitude. The 500 m sections
reflect the near-surface water masses whereas the 3000 m sections show the deep water masses.
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could be due to an eddying process. The
mixed layer of water masses now also
extends slightly deeper.
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In the Andaman Basin, the water masses
are distinct from those in the Bengal Basin
from about 1600 m and deeper. There is a
strong change in water masses at about
this level (1600 m) which extends right
across the section. The water mass above
this extends to 1000 m with disturbances
at either end of the section indicating
potential interactions of currents and
mixing with bathymetry.
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To the west of Sri Lanka, a mixed collection
of water masses in a relatively shallow
‘mixed layer’ is distinct from the deeper
mixed layer to the east. This layer contains
more of the new (deep blue) water mass
now extending further in depth, and
deepening, to the east of the Bengal Basin.
Unfortunately, data in the Andaman Basin
appear not to be available.
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To the west of India, the water mass
wedge profile reverses. To the east, the
pattern seen in previous sections is
repeated but with further deepening of the
water masses below the surface.
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The distinctions noted above are
reinforced. Now, the water mass at about
1000 m in the Bengal Basin appears to fill
the depths of the Andaman Basin from a
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Andaman Ridge system. A slight
disturbance is also noted at the Indian
continental slope at this level.
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Clearly shows that the Andaman Ridge
system plays a major role in structuring the
deeper water masses as well as the subsurface water masses extending across the
Andaman Basin. The 1000 m water mass
boundary in the Bengal Basin is now seen
to shallow to about 750 m in the Andaman
Basin.
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As above but now the mixed layer in the
Bengal Basin is relatively uniform across
the width of the basin with further activity
confined below the top 100 m. In the
Andaman Basin, the same water masses
are deeper compared to the Bengal Basin.
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A clear demonstration of the distinct water
mass structures in the Arabian Sea, the
Bengal Basin and the Andaman Basin.
Continues the pattern of a missing water
masses deeper than about 1600 m seen in
both the Arabian Sea and the Bengal Basin
– an indication that the Andaman Sea is
closed to mixing with the Bengal Basin
below about 1600 m.Section at 14.5N
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As above, but now with a weak indication
of a sub-surface slope current as reflected
by the inclined water masses to the east of
the Indian continental shelf. Also a slight
disturbance is evident to the north of the
Andaman Island and the connection
between the Bengal and Andaman basins.
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A distinct deepening of the deep water
masses in the Arabian Sea compared to the
Bengal Basin, as seen for example in the
deep water change at 1900 m in the
Arabian Sea compared to the same change
at about 1700 m in the Bengal Basin.
Surface water mass structures are also
different.
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The distinct nature of water masses to the
east and west of India is evident from the
evenness of the top 100 m to the east
compared to the diversity to the west of
India. The thermocline/nutricline is
stronger in the Bengal Basin. To the west of
Myanmar, the water masses below the
thermocline are deeper indicating either
subduction or mixing of the deeper water
masses with an associated sub-surface
current.
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Relatively uniform across the Bengal Basin
apart from slight disturbances at the nearsurface off Myanmar, and at about 1200 m
off India.
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This section is offshore of the Ganges Delta
system and shows some disturbance
offshore of the Indian continental slope.
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Apart from the near-surface features, the
deeper water mass structures are relatively
uniform across the Bengal Basin.
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Meridional Sections (along constant Longitude)
Table 4-2 Characterisation of zonal sections of water masses (from the 30-class global water mass
characterisation of Lyne et al. 2006b) across the Bay of Bengal along a constant longitude. The 500 m
sections reflect the near-surface water masses whereas the 3000 m sections show the deep water masses.

Description: 500 m sections
Section at 77.5E

00

30

-100
-100

25

-500
-500

25

20

-1000
-1000

20

Depth (m)

-200
-200

-1500
-1500

15

10

-2000
-2000

10

5

-2500
-2500

5

0

-3000
-3000

15

-300
-300

-400
-400

-500
-500
0

0

5

5

10
15
10
15
Latitude
(deg)
Latitude
(deg)

Depth (m)

30

77.5°E
Depth (m)

Description: 3000 mSection
sections
at 77.5E

00

Depth (m)

Longitude

20

0

0

0

20

Surface water masses extend to about Relatively
130m in the south of the section, structures.
compared to 100 m Section
south
of India.
at 81.5E

0

0

5

5

10
15
10
15
Latitude
(deg)
Latitude
(deg)

20

20

This section cuts across eastern Sri Lanka
and shows distinctions in water masses at
about 100 m. The wedge of water mass
(green) in the top 20 m in the south is seen
as an extension of a more extensive water
mass to the north. This indicates that Sri
Lanka may be a barrier to water masses
but at the same time causing some mixing.
Below 100 m, the water mass seen in the
Bengal Basin is missing to the south
(indicating that it may be confined to the
Bengal Basin).
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Lanka continental slope.
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Deepening of the 1000 m water-mass
boundary to the north of about 13°N,
potentially a result of the meeting of the
Bengal and Andaman basins (main
connection about 15°N).
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The front south of 5°N is still there but not As above.
as obvious. There is now a hint of changes
in the near surface at about 15°N at about
the location where the Bengal and
Andaman basins connect (south of western
Myanmar). North of this point, there are
water masses at about 100 m that are not
seen in the southern part of the Bengal
Basin.
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change in the deeper waters below about
100 m which extends 200 m to the north as
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An instructive section contrasting the
different water mass structures in the
Bengal and Andaman basins. The effect of
the sill at about 1000 m is also evident. The
deep topographic structures appear to be
influencing the structure near the surface
noted to the left. Section at 95.5E
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Section across the Andaman Basin showing
distinct deeper water masses below 100 m
and a possible deeper current system
causing the sloping water masses to the
north of the section.
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Continues the patterns noted for the
section to the east (above). The Andaman
Basin appears to be cut off from the Bengal
Basin at about 1500 m depth. The 1000 m
water mass surface in the Andaman Basin
is also irregular compared to the Bengal
Basin.

Analysis of changes in Neodymium distribution
Partly to confirm, and partly to extend the analyses of water masses described above, we undertook
an analysis of the distribution of Neodymium (Nd) and other water properties reported by Singh et
al. (2012) for a transect along the Bay of Bengal. The data from Singh et al. (2012) was manually
transcribed from their paper and analysed to classify the samples against depth, Nd, potential
temperature and salinity.
Technically, we used the HOPACH classification algorithm in the R software package with only one
main level of classification (HOPACH implements a hierarchical classification scheme) and the
‘cosangle’ distance metric after all variables were histogram scaled. For an explanation of the
techniques used, refer to Lyne and Hayes (2005). This yielded eight classes which were plotted
against the latitude of the transect as shown in Figure 4-12.
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Figure 4-12 Water sampling stations from the Singh et al. (2012) study are classified into eight classes (colour
coded in the plot) as described in the text, and plotted against the latitude of the transect. The two vertical
dashed lines represent the approximate locations that we visually demarcated to be locations showing
significant changes in the composition of water mass classes by latitude.

Bearing in mind that this analysis is for a transect, the two main water mass demarcations identified
are:
1. At approximately 16.5°N: This boundary appears to be the offshore expression of the
boundary emanating from the ‘opening’ between Myanmar and the Andaman Ridge (at
about 15°N) identified in the previous 3D water mass analyses. There may also be
‘contortions’ in the boundary as it spans across the width of the Bay of Bengal, so we don't
expect precise matchups with the 3D analyses. The approximate match lends support to the
hypothesis that there is a major boundary separating the northern waters of the Bay of
Bengal from those located south of about 16.5°N in the ‘core’ of the Bay of Bengal.
2. At approximately 10°N: This appears to be the front that separates the core waters of the
Bay of Bengal from the more open ocean water masses south of the BOBLME study area.
North of this boundary, the water properties would appear to be influenced by constraints
on the circulation and mixing of water masses in the Bay of Bengal, whereas south of this
boundary are equatorial water masses of the Indian Ocean.
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Figure 4-13 Bay of Bengal bottom-dissolved oxygen from the NOAA World Ocean Atlas (2005).

Dissolved oxygen
The seafloor dissolved oxygen varies widely within the BOBLME region with depth and proximity to
major rivers (Figure 4-13). The Andaman Sea seafloor dissolved oxygen is much lower than at similar
depths in the Bay of Bengal. Seafloor dissolved oxygen is also low on the slope areas adjacent to
major rivers as the oxygen is used up by detritivores feeding on the sediment rain from the high
terrestrial organic matter input. These low dissolved oxygen levels will limit the range of organisms
that can live in these environments.

Summary
1. Changes in surface and deeper water masses are intimately linked to changes in bathymetry.
2. The Andaman Basin surface and water deeper than about 1000 m are distinct from those in
the Bengal Basin.
3. Waters to the east and west of Sri Lanka have different features shallower than about 100 m.
4. The connection between the Bengal and Andaman Basins at the ‘opening’ between
Myanmar and the Andaman Ridge (at about 15°N) influences the surface water mass
structures differences between the basins.
5. The Andaman Basin appears to have very different water mass formation and structures
compared to the Bengal Basin.
6. Surface water masses in the Cocos Basin appear to be different compared to the Bengal
Basin.
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7. Disturbances in the water mass boundaries are seen when water masses meet up with the
continental slope.
8. Two separate analyses of water mass classifications were made to identify the structure of
water masses in the Bay of Bengal and the location of major frontal boundaries.
9. The 3D analysis was able to identify key features of the structures and how they related to
the topographic boundaries and links between the basins in the Bay of Bengal (and the
Arabian Sea).
10. Two major frontal boundaries identified from the Neodymium data appear to correspond to
boundaries between the core waters of the Bay of Bengal and the fresher waters in the
northern sector (with source waters from the Ganges), and in the southern boundary,
between the core waters and the equatorial waters of the Indian Ocean.

4.4 Primary Productivity
Primary productivity (conversion of sunlight and nutrients to plankton) is influenced strongly by
levels of available sunshine, sea surface temperatures, nutrients and oxygen (Figure 4-14; Figure
4-15). In the world’s oceans, primary productivity is mostly produced in the surface waters (< 100 m)
due to the limited penetration of sunshine to deeper water, which may be further limited by
turbidity. Planktonic plants (usually phyto- and pico-plankton) produce most of the primary
productivity in this zone. In most tropical seas, a thermocline separates warm surface waters from
cooler deeper water and acts as a density barrier to the upward cycling of deeper nutrient-rich water
into the surface water. Under normal circumstances, nutrients are incorporated into living
organisms, then lost from the surface waters as remineralised organic matter sinks into colder
deeper water. Sunshine is plentiful but turbidity limits light penetration and likewise the nutrients
from deep water need to be mixed up or upwelled. Hence, plant productivity remains relatively low
in most surface oceanic waters. The Bengal Basin, like many other tropical seas, has low biological
productivity (Figure 4-16). This is largely due to the strong stratification driven, in part by the shallow,
oxygen-poor, euphotic zones, and especially in the northern bay where the surface waters are
dominated by immense freshwater influx and suspended sediment load.
Sub-surface cold and warm-core eddies in the western parts of the Bay of Bengal play an important
role in supporting enhanced biological production in the Bengal Basin (Figure 4-7). Cold-core eddies
produce upward pumping of nutrients (through their core) across the thermocline allowing pico- and
phyto- plankton to proliferate where sunlight penetration is adequate. Warm core eddies pump
surface water into deeper depths via their core, but bring deeper water to the surface at their edges.
Cyclones and storms can produce the same effect, but usually for much shorter periods.
On coastal shelf and slope habitats upwelling of deep, nutrient-rich water occurs in some regions.
This results when currents persist at 90 degrees to the orientation of the coastline due to a process
called Ekman transport. Some limited upwelling occurs along the southern coast of Sri Lanka in
summer due to the South-west Monsoon Current (Figure 4-3, Figure 4-4) and along the east Indian
coastline during the winter north-east monsoon due to the East Indian Current (Figure 4-3, Figure
4-4) and in other areas.
The coastal boundary layers also support high primary productivity due to the enormous amount of
dissolved and particulate material that enters the Bay of Bengal with the river water. River runoff can
provide sustained nutrient- and oxygen-rich water for long periods during the summer monsoons
and high primary productivity in the coastal surface waters. During the winter north-east monsoon,
the North Equatorial Current and the East Indian Current (Figure 4-3, Figure 4-8) help draw nutrientrich water from the Strait of Malacca into the Andaman Sea creating an annual productivity bloom.
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Figure 4-14 Sea surface temperature (SST) of BOB region for January, April, July and October.

Figure 4-15 Mean surface salinity (PSU) and dissolved oxygen (ml.l-1) for the BOBLME region. Sourced from
CARS 2009 (www.cmar.csiro.au/cars ).
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Figure 4-16 Average distribution and abundance patterns of surface water primary productivity during the
north-east monsoon (January) and the south-west monsoon (August).
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Figure 4-17 The surface nitrate (left) and silicate (right) concentrations (µM) in surface waters of the BOBLME
region during the north-east (upper) and south-west (lower) monsoons.

A highly productive benthic boundary layer with similar productivity characteristics also occurs in a
limited area in the western Bay of Bengal (Edmond et al. 1979; Broecker et al. 1980). This layer
occurs along much of the eastern Indian coast where a nutrient-rich benthic mixed photic zone exists
(e.g. <100 m depth). Input from rivers within the Bay of Bengal provides nutrients which enhance
productivity into the shelf and many of the slope regions. Rainfall and run-off into these regions are
highly seasonal and the concentrations of nutrients (e.g. silicates and nitrates) also vary considerably
between monsoonal periods (Figure 4-17).
Other areas in the Bay of Bengal that support high primary productivity coincide with coral reefs and
raised seabed features occur. Coral reefs occur in the photic zone and are abundant in a range of
provinces (see Chapter 5). The symbiotic algae within corals (zooxanthellae) are a critical source of
primary productivity in these habitats and form the basis of diverse and productive coral reef
systems. Raised seabed features such as seamounts force deeper, nutrient-rich currents closer to the
surface (Figure 4-18). Where these currents reach the photic zone productivity hot spots can occur.

4.5 Geomorphology
The geomorphology of the BOBLME is depicted in Figure 4-18 to Figure 4-21. The region is dominated
by a large central deep-water basin which deepens from north to south to >4000 m (Figure 4-1,
Figure 4-2). This basin is characterised by a sediment fan deposited from the large river systems in
the north. This is the world’s largest submarine sediment fan with an area of 2.8 to 3 million km2
(Sarma et al. 2000). It extends from the Ganges-Brahmaputra delta, around 20°N latitude to south of
7°S, with a maximum width of about 1000 km around 15°N latitude (Figure 4-1, Figure 4-2) and a
maximum thickness of about 6 km (Figure 4-20). This has made the deeper Bay of Bengal a gently
southward-sloping abyssal plain (Kanaiev 1964) of high calcium carbonate clays (Siddique 1967).
The continental shelf is narrow in most areas with exceptions where large river basins form broader
areas of sloping sediment. Continental slope habitats are also narrow and relatively steep (Figure
4-21), dropping from less that 100 m depth to greater than 500 m depth in a relatively short distance.
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Figure 4-18 Geomorphological features of the Bay of Bengal Large Marine Ecosystem.

An exception is the Andaman Sea and around the Andaman and Nicobar Ridge where a more
complex mixture of geomorphological features has developed. These include a unique complex of
habitat types such as ridges, canyons, abyssal hills and plains, plateaus and terraces. This
heterogeneity in geomorphology supports a complex array of habitats by way of depth zones,
current patterns, sediment grain sizes, as well as different temperature and oxygen zones (Figure
4-22, Figure 4-13). The broad range of habitats includes extensive coral reefs, mangroves and
seagrass beds that have high biodiversity.
Sediments in the BOBLME region are poorly studied. Siddique (1967) examined the surface
sediments within the deeper Bengal Basin (>1000 m). He found that most of the sediments were
mostly clays and that sand or silty sand sediments were confined to the slope and shelf of the
northern Bay of Bengal closer to the influence of the major freshwater rivers. In shallower water
(<20 m), surface sediments are regularly re-suspended by cyclones and tsunamis (Milker et al. 2013),
thus contributing mineral sands to regions with mostly terrigenous-derived silts and higher organic
matter content (Khan et al. 2012).
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4.6 Terrestrial and riverine input
The Bay of Bengal is characterised by large river systems along much of its coastline (Figure 4-23).
These include the large iconic deltas of the Ganges, Meghna, Brahmaputra and Irrawaddy river
systems. The Ganges Delta is the largest in the world, covering over 105 000 km2 and is over 1500 km
wide at the mouth. The Irrawaddy Delta is less low-lying, but still an important agricultural area for
Myanmar. Both deltas are made of mostly deep alluvial soils (Figure 4-20) eroded from the Himalayas
and receive large fine-sediment loads during the summer south-west monsoon. These systems have
a major influence on the ecological habitats of the northern Bay of Bengal and Andaman Sea by
influencing depth and salinity characteristics (Figure 4-15), as well as suspended sediment
concentrations, oxygen levels (Figure 4-15), sunlight penetration depth and nutrient concentrations.
Each of these have critical defining influences on a range of important habitat types including
mangrove, seagrass, coral reef, estuarine and open-ocean ecosystems. Indeed, the delta of the
Ganges River has the largest area of mangrove habitat in the world (Shearman et al. 2013).

Figure 4-19 Bay Bengal seabed slope developed by Harris and Whiteway (2009) (originally derived from the
ETOP-2 bathymetry grid (ETOPO-2, 2006)).
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Figure 4-20 Total sediment thickness (km) was extracted from a dataset compiled for the World’s Oceans and
Marginal Seas by the National Geophysical Data Centre. The 5 min grid was derived from a number of
sources by Divins (1998).

Figure 4-21 Bay of Bengal bathymetric zones: shelf (0–200 m), slope (200–2000 m) and abyss >2000 m depth
derived from ETOPO-2 (2006).
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Figure 4-22 Bay of Bengal bottom ocean water temperature from the NOAA World Ocean Atlas (2005).

Figure 4-23 Bay of Bengal region river network (Lehner, B. et al. 2006) and Topology (ETOPO-2, 2006).
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5 Broad scale ecological features

5.1 Fisheries
5.1.1 RELATIVE IMPORTANCE OF FISHERIES IN THE BOBLME REGION
Fisheries are an important source of protein and livelihood for coastal communities in the BOBLME
region. Catches from the region were the fifth largest among the FAO fishery statistical regions in
2006 (Figure 5-1). The total catch from the east Indian Ocean FAO region (BOBLME comprising ~66%
of this catch) was over seven million tonnes in 2011 (FAO 2014). The catch composition from the
BOBLME is shown in Figure 5-2. This catch was made up of mostly small- and medium-sized pelagic
fishes such as sardines, mackerels, hilsa shad, sharks, tunas and other scombrids and demersal fishes
such as perches, sciaenids, ribbonfish and cephalopods. These species groups are caught by all
countries in the BOBLME region and are taken in both coastal and oceanic waters.

Figure 5-1The species composition and relative scale of fisheries catches in the FAO fishery regions in 2006
based on national catch statistics (SAUP 2011). The FAO region that includes the BOBLME also has reported
catch from western Australia and the eastern Indian Ocean, with about 66% of the total catch coming from
the BOBLME region.

The other important components of the reported FAO catch include miscellaneous coastal fishes and
crustaceans (Figure 5-2). Most coastal species are taken by demersal trawl and gillnet fisheries
adjacent to the estuaries of the major rivers in the north and eastern parts of the BOBLME region.
There is also a very large proportion of the reported FAO catch (Figure 5-1) that is unidentified
(>45%), suggesting most groups are under-reported in the FAO regional catch statistics.
When these data are examined in more detail, the trend in the relative importance of different catch
groups becomes more apparent (Figure 5-2). It is clear that small pelagic fishes, such as Indian
mackerel (Rastrelliger kanagurta) and hilsa (Tenualosa toli), form the major component of the overall
fisheries catch. Medium-sized pelagic species such as the smaller tunas are the second-most
important group, followed by medium-sized demersal species such as sciaenids and grunters (Figure
5-2).
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Figure 5-2 The trend in the reported species composition of the national fisheries catch in the BOBLME region
to 2006 (SAUP 2011).

5.2 Biodiversity, endangered and vulnerable species
The Bay of Bengal is home to a diverse range of marine animals, including groups of species that are
endangered or vulnerable to human impacts. Included among these threatened species are
cetaceans, seabirds, turtles, sea snakes, fish, dugongs, gastropods, sea cucumbers, sponges, sea fans
and corals. Recorded sightings and behavioural information are available for some of these species
groups (summarised below). Sources include scientific literature, national and local experts,
government and website reports.

5.2.1 CETACEAN AND DUGONG
At least 20 cetaceans have been sighted in the Bay of Bengal (Table 5-1). Cetaceans occur throughout
the BOBLME region. The larger species, including whales, mostly occur in the south. These species
are mostly found in the pelagic zone in deeper shelf and slope waters. Smaller species of cetacean,
such as dolphins, occur in most coastal waters of the Bay of Bengal. In these regions, they interact
with fisheries and a significant number are caught in gillnet fisheries (Smith and Than Tun 2008;
Mansur et al. 2012). Dugongs also occur within the Bay of Bengal, being found in shallow water
around seagrass habitats in the Andaman Sea and Palk Bay in south-eastern India. However,
published data are scant and there is limited information available on their abundance and status.
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Figure 5-3 Global distribution of dugong (Dugong dugon) (Wikipedia, 2015). The red box highlights the
BOBLME region.
Table 5-1 The status of selected cetaceans in BOBLME member countries.

Species

Country

Status

Source

Long-snouted spinner
dolphin, Stenella longirostris

Sri Lanka,
Maldives,
India,
Bangladesh,
Myanmar

Present

Ballance and Pitman 1998;
Broker and Ilangakoon 2008;
Smith and Than Tun 2008;
Mansur et al. 2012;
Vivekanandan and
Jeyabaskaran 2012

Spotted dolphin, Stenella
attenuata

Bangladesh,
Myanmar

Present

Smith and Than Tun 2008;
Smith et al. 2008

Striped dolphin, Stenella
coeruleoalba

Maldives, Sri
Lanka

Present

Ballance and Pitman 1998

Indo-Pacific humpback
dolphin, Sousa chinensis

Sri Lanka,
India,
Bangladesh,
Myanmar

Present

Broker and Ilangakoon 2008;
Smith and Than Tun 2008;
Smith et al. 2008;
Vivekanandan and
Jeyabaskaran 2012

Irrawaddy dolphin, Orcaella
brevirostris

India,
Bangladesh,
Myanmar

Present

Smith and Than Tun 2008;
Smith et al. 2008;
Vivekanandan and
Jeyabaskaran 2012
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Species

Country

Status

Source

Finless porpoise,
Neophocaena phocaenoides

Bangladesh,
India,
Myanmar

Present

Smith and Than Tun 2008;
Smith et al. 2008;
Vivekanandan and
Jeyabaskaran 2012

Indo-Pacific bottlenose
dolphin, Tursiops aduncus

Sri Lanka,
India,
Bangladesh,
Myanmar

Present

Broker and Ilangakoon 2008;
Smith and Than Tun 2008;
Smith et al. 2008; Mansur et
al. 2012; Vivekanandan and
Jeyabaskaran 2012

Rough-toothed dolphin, Steno
bredanensis

Sri Lanka

Present

Ballance and Pitman 1998

Risso’s dolphin, Grampus
griseus

Maldives;
India

Present

Ballance and Pitman 1998;
Vivekanandan and
Jeyabaskaran 2012

Long-beaked dolphin,
Delphinus capensis

India

Present

Vivekanandan and
Jeyabaskaran 2012

Fraser’s dolphin,
Lagenodelphis hosei

Maldives

Present

Ballance and Pitman 1998

Short-finned pilot whale,
Glopbicephala macrorhynchus

India

Present

Vivekanandan and
Jeyabaskaran 2012

Pygmy killer whale, Feresa
attentuata

India; Sri
Lanka

Present

Ballance and Pitman 1998;
Vivekanandan and
Jeyabaskaran 2012

False killer whale, Pseudorca
crassidens

Maldives;
India

Present

Ballance and Pitman 1998;
Vivekanandan and
Jeyabaskaran 2012

Bryde’s whales, Balaenoptera
edeni/brydei

Maldives, Sri
Lanka; India;
Bangladesh,
Myanmar

Present

Smith and Than Tun 2008;
Smith et al. 2008; Ballance and
Pitman 2012; Vivekanandan
and Jeyabaskaran 2012

Minke whale, Balaenoptera
acutorostrata

Sri Lanka;
India

Present

Broker and Ilangakoon 2008;
Vivekanandan and
Jeyabaskaran 2012

Humpback whale, Megaptera
novaeangliae

Sri Lanka;
India

Present

Broker and Ilangakoon 2008;
Vivekanandan and
Jeyabaskaran 2012
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Species

Country

Status

Source

Sperm whale, Physeter
macrocephalus

Maldives,
India, Sri
Lanka

Present

Ballance and Pitman 1998;
Broker and Ilangakoon 2008

Dwarf sperm whale, Kogia
sima

Sri Lanka

Present

Broker and Ilangakoon 2008

Melon-headed whale,
Peponocephala electra

Sri Lanka

Present

Broker and Ilangakoon 2008

Blue whale, Balaenoptera
musculus

Maldives; Sri
Lanka; India

Present

Ballance and Pitman 1998;
Broker and Ilangakoon 2008;
Vivekanandan and
Jeyabaskaran 2012

Fin whale, Balaenoptera
physalus

India

Present

Vivekanandan and
Jeyabaskaran 2012

5.2.1 TELEOST FISHES
The teleost fish fauna of the BOBLME region is diverse. It includes coral reef, mangrove and seagrassdependent communities as well as large pelagic and demersal fishes of economic interest. Among
the threatened fishes, syngnathids are the most widely known. A range of endangered seahorses
(Syngnathidae) occur in the Bay of Bengal and many of these have been recorded to be harvested by
both targeted fisheries and as bycatch from prawn trawl fisheries in India (Salin et al. 2005). The
targeted fisheries mostly occur in southern India, especially the Palk Bay region. The seahorses
mostly occur in seagrass habitats and occasionally around mangroves (Vincent 1996). The capture of
seahorses as bycatch in prawn trawl fisheries occurs further south on the Gulf of Mannar shelf. The
estimated catch of dried seahorses was about 9.75 tonnes in 2004. The targeted fishery in Palk Bay
mostly caught Hippocampus borbonensis, H. spinosissimus and H. kuda and represented 76% of the
total catch (Salin et al. 2005). The main species caught as bycatch in the prawn trawl fishery in the
Gulf of Mannar was Hippocampus trimaculatus.
Seahorse catch in other countries has not been documented. Vincent (1996) noted seahorses were
being caught in eastern Sumatra and western Sri Lanka. Presumably some of the seahorses taken in
eastern Sumatra are taken within the BOBLME region. The catch in Indonesia appears to be mostly of
a species in the Hippocampus kuda species-complex.

5.2.2 ELASMOBRANCHS
Elasmobranchs are widespread in the Bay of Bengal. The list includes the rare endangered
megamouth shark (Megachasma pelagios) recorded from northern Sumatra (White et al. 2004).
Many of the larger species, such as whale shark, may also be hunted in parts of the BOBLME region
(Riley et al. 2010). Lucifora et al. (2011) undertook a global analysis of shark diversity. They found
that south-western BOBLME contained a high diversity of shark species with populations that were
mostly targeted for shark-fin collection. Within the BOBLME region, shark species endemism was
highest in the Nicobar and Andaman Islands. Shark functional diversity was higher in coastal areas
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throughout the region. Lucifora et al. (2011) identified a number of priority areas for shark
conservation within the BOBLME. These areas were located in the Maldives, south-eastern India and
Sri Lanka, Nicobar and Andaman Islands and coastal areas in the northern Bay of Bengal (Lucifora et
al. 2011).

Figure 5-4 Shark priority conservation areas identified from a combination of endemism, functional diversity
and species richness by Lucifora et al. (2011). The inset box shows in red the priority conservation areas
identified within the BOBLME region.

5.2.3 SEA TURTLES
At least five species of sea turtle have been recorded nesting in the BOBLME region (Figure 5-5 to
Figure 5-9). All species are cosmopolitan and occur in most of the major oceans of the world. Turtles
have been recorded nesting on island and coastal beaches within the BOBLME region of all member
countries except Indonesia (OBIS 2014). Most turtle nesting has been recorded within the jurisdiction
of India, Maldives and Sri Lanka. The largest numbers of records pertain to the olive ridley turtle
Lepidochelys olivacea that can nest in large aggregations on the east coast of India (Shanker et al.
2004).
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Figure 5-5 Map of green turtle (Chelonia mydas) worldwide distribution (dark blue) with nesting beaches
shown in dark brown.

Figure 5-6 Map of hawksbill turtle (Eretmochelys imbricata) worldwide distribution (dark blue) nesting
beaches shown in dark brown.
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Figure 5-7 Map of leatherback turtle (Dermochelys coriacea) worldwide distribution (dark blue) with nesting
beaches shown in dark brown.

Figure 5-8 Map of loggerhead turtle (Caretta caretta) worldwide distribution (dark blue) with nesting
beaches shown in dark brown.
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Figure 5-9 Map of olive ridley turtle (Lepidochelys olivacea) worldwide distribution (dark blue) nesting
beaches shown in dark brown.

5.2.4 SEA SNAKES
Little is known about sea snake diversity in the BOBLME region, but at least 10 species occur (Bohm
et al. 2013). This is about 40% of the global diversity of sea snakes. Many of these species are mostly
found around coral reefs and seagrass habitats along the eastern side of the region (Figure 5-10).
Other more abundant species occur in the open sediments of the northern and western Bay of
Bengal and are often caught in demersal trawl fisheries of coastal waters in the region (Bohm et al.
2013).

Figure 5-10 Global species richness of reptiles (Bohm et al. 2013) with the BOBLME region outlined in red.
Marine reptiles include turtles, crocodiles and sea snakes, with a total of 22 species.
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Table 5-2 Summary of the breeding and non-breeding seabirds that occur in the BOBLME region (Mondreti et
al. 2013).
Species

Scientific name

Status

Habitat

Roseate tern

Sterns dougallii

Breeding

Coastal

Black-naped tern

Sterna sumatrana

Breeding

Coastal

Bridled tern

Sterna anaethetus

Breeding

Pelagic

Sooty tern

Sterna fuscata

Breeding

Pelagic

Little tern

Sterna albifrons

Breeding

Coastal

Crested tern

Thalasseus bengalensis

Breeding

Coastal

Lesser crested tern

Thalasseus bergii

Breeding

Coastal

Gull-billed tern

Gelochelidon nilotica

Breeding

Coastal

Whiskered tern

Chlidonias hybridus

Breeding

Freshwater

Brown noddy

Anous stolidus

Breeding

Coastal

Dusky-vented storm-petrel

Fregatta tropica

Non-breeding

Pelagic

Wilson’s storm-petrel

Fregatta oceanicus

Non-breeding

Pelagic

Swinhoe’s storm-petrel

Oceanodroma monorhis

Non-breeding

Pelagic

Leach’s storm-petrel

Oceanodroma leucorhoa

Non-breeding

Pelagic

Jouanin’s petrel

Bulweria fallax

Non-breeding

Pelagic

Streaked shearwater

Calonectris leucomelas

Non-breeding

Pelagic

Red-footed booby

Sula sula

Non-breeding

Pelagic

White-tailed tropicbird

Phaethon leptutus

Non-breeding

Pelagic

Red-tailed tropicbird

Phaethon rubricada

Non-breeding

Pelagic

Red-billed tropicbird

Phaethon aetherens

Non-breeding

Pelagic

Lesser frigatebird

Fregeta ariel

Non-breeding

Pelagic

Arctic skua

Sternorarius parasiticus

Migratory

Pelagic

Pomerine jaegar

Stercorarius pomarinus

Migratory

Pelagic

Brown-headed gull

Chroicocephalus brunnicephalus

Non-breeding

Coastal

Little gull

Hydrocoloeus minutes

Vagrant

Coastal

Pallas’ gull

Ichthyaetus ichthyaetus

Vagrant

Coastal

Caspian tern

Hydroprogne caspia

Non-breeding

Coastal

White tern

Gygis alba

Non-breeding

Pelagic

White-winged black tern

Chlidonias leucoptera

Migratory

Coastal

Lesser noddy

Anous tenuirostris

Non-breeding

Pelagic

5.2.1 SEABIRDS
There is limited information on the seabirds of the BOBLME region, but Mondreti et al. (2013) found
that seven species of tern and noddy breed there. Almost all records are from the Nicobar and
Andaman Islands (Mondreti et al. 2013). All species are either widespread tropical seabirds or
seasonal migrant or vagrants from the Northern Hemisphere. Jouanin’s petrel is the only species of
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seabird recorded in the BOBLME that is potentially threatened. It is listed as Near Threatened on the
IUCN Red List (2014).
The species composition of the seabirds in the BOBLME region (Table 5-2) includes species that
forage in coastal and pelagic shelf and slope waters. The coastal species interact with the demersal
fisheries by feeding on discarded bycatch. Many of the pelagic species are closely associated with
schooling small- and medium-sized pelagic fishes, feeding on the same prey as the fishes drive them
to the surface.

Figure 5-11 Map of the BOBLME region showing the locations of seabird breeding colonies (Mondreti et al.
2013). Black dots show the locations of major and minor fishing ports.

5.3 Key habitats
5.3.1 MANGROVES
Mangroves form an important habitat for coastal fisheries and ecological communities in the Bay of
Bengal. The region supports about 12% of the global area of mangroves (Giri et al. 2008). A total of
45 species of mangroves occur in the Bay of Bengal. These species are distributed across all countries
in the region with the highest diversity along the eastern margin in Myanmar, Thailand and Malaysia
(Figure 5-12). Myanmar also has the highest percentage of mangrove forest of the countries in the
BOBLME region (Polidoro 2010).
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Figure 5-12 The broad scale diversity and distribution of mangroves in the eastern Indian Ocean and adjacent
western Pacific Ocean (Polidoro et al. 2010). This is a general representation of mangrove diversity for
biogeographic purposes and is not accurate at fine spatial scales.

Figure 5-13 The finer scale distribution of mangroves within the BOBLME region (USGS 2011) that are
represented in global mangrove datasets. Denser regions are overlapping points and indicate many adjacent
sites with mangroves present.
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The mangrove forests in the delta of the Irrawaddy River form a distinct community compared with
the Sundarbans (Blasco and Aizpuru 2002). Analysis of satellite images of mangrove cover has shown
that they have been in a long period of decline from timber extraction and conversion to agriculture
and fish ponds (Blasco and Aizpuru 2002). Indeed, the extent of mangrove loss in Myanmar exceeds
the sum of the loss in all other countries in the BOBLME region (Giri et al. 2008). The other major
area of mangroves in the BOBLME region occurs in the mouth of the Godavari River in eastern India
(Figure 5-13). The areal extent, biomass and diversity of these mangroves are also in decline (Blasco
and Aizpuru 2002).

5.3.2 CORAL REEFS

Figure 5-14 The distribution of the most important shallow-water coral reef areas in the BOBLME region.
Denser regions are overlapping points and indicate many adjacent sites with coral reef present.

Coral reefs are one of the most diverse ecosystems in the world (Reaka-Kudla 1997) and up to 300
species of reef-building coral are distributed throughout most of the countries in the BOBLME region
(Keesing and Irving 2005). These coral reefs are globally significant, representing 8% of the of the
world’s coral reef area (Figure 5-14). The Maldives contains the largest area of coral reefs (4513 km2;
Naseer and Hatcher 2004), followed by India, Myanmar, Indonesia and Thailand (SAUP 2011). Coral
reefs in the BOBLME region support upwards of 800 fish species (Keesing and Irving 2005). They are a
key habitat for many finfish and crustacean fisheries and provide critical nursery habitat for many
other commercially important species. Despite their critical role in supporting fisheries and
biodiversity, the coral reefs in the Bay of Bengal are degraded and threatened (Angell 2004). They
face multiple natural and anthropogenic stressors including bleaching (Wilkinson 2008), tsunamis
(Patankar et al. 2012; Krishnan et al. 2013) and multiple pollutants (Ramesh et al. 2002). The coral
An Ecosystem Characterisation of the Bay of Bengal: Final Report | 51

reefs in Myanmar are believed to be the least impacted across the BOBLME region. However, there is
limited baseline data from Myanmar from which to make definitive conclusions.
Besides the well-known shallow-water coral reefs in the Bay of Bengal, the BOBLME region has
extensive areas of deep-sea corals. These mostly occur on the continental shelf below 200 m in the
Andaman Sea and the inter-reefal areas in the Maldives. The Andaman Sea contains a diverse variety
of deep water geomorphology and habitats. This is well depicted in Figure 5-15 which shows the
distribution and abundance of two of the most common deep-sea, hard corals. The lack of deep-sea
corals in much of the deeper waters of the Bay of Bengal basin is due to the far less diverse, gently
sloping, soft sediment habitats.
(a)

(b)

Figure 5-15 Distribution and relative abundance of two common species of deep water corals: (a)
Enallopsammia rostrata and (b) Solenosmilia variabilis.

52 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

5.3.3 SEAGRASS
The BOBLME region has one of the highest seagrass diversities in the Indo-Pacific, with up to 15
species known to occur (Green and Short 2003; Waycott et al. 2009). These locations are shown in
Figure 5-16. The greatest seagrass diversity occurs in the Palk Bay - Gulf of Mannar region in southeastern India and adjacent Sri Lanka. Other areas of high seagrass diversity include the Strait of
Malacca and the Nicobar and Andaman Islands. In these areas, seagrass diversity and biomass are
highest in shallow, open sandy areas (Jagtap et al. 2003). In these coastal environments, seagrass
provides highly productive habitats that support a high diversity of fishes and invertebrates (Jagtap et
al. 2003). Threatened species of marine turtle, seahorse, dugong and other marine animals in the
area rely heavily on seagrass for food and protection. Seagrass also stabilises coastal sediments and
traps and recycles nutrients (Waycott et al. 2009), thus playing an important role in maintaining
ecosystem functions.
Little is known of the species composition, distribution and density of seagrass communities in many
parts of the BOBLME region. Most known areas of seagrass are degraded and threatened. Therefore,
the biodiversity seagrass supports is also at high risk from population collapse. This risk is also likely
to apply to fisheries that rely on seagrass-dependent species. Limited quantitative data are available
with which to assess the threats to seagrass in the BOBLME region. Restoration is one option for
stabilising seagrass extent and function that has been undertaken in temperate areas of the world
with some success. However, the economic viability of this approach has not been demonstrated.

Figure 5-16 The distribution of seagrass in the BOBLME region showing point sampling and mapped areas of
seagrass cover.
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6 BOBLME regionalisation

6.1 Summary of the approach
The regionalisation of the Bay of Bengal Large Marine Ecosystem (BOBLME) was based on a
hierarchical systems approach that integrated the relationship between physical drivers, features,
processes and biological communities. These relationships were considered at a number of spatial
levels ranging from the BOBLME as a whole and its unique differentiating aspects compared to other
LMEs, down to the level of regional provinces differentiated by a range of physical and ecological
drivers. This differentiation recognises the spatial hierarchy that defines biodiversity at a range of
scales as detailed in Last et al. (2010).
At the province level, unique physical and biological interdependencies have evolved over
paleohistoric timescales leading to suites of unique ecological communities, and often, endemic
species that have adapted to evolving continental movements, niche physical environments, drivers
and biological associations. We did not fully regionalise the pelagic (water column) environment, so
this remains a key task for an extension of this framework.
The framework allows dependencies to be regionalised down to small local scales such as isolated
seagrass beds (see Table 6-1). However, for this phase of the study we limit the scope of the
regionalisation to the higher level of province, which provides a very useful unit for ecosystem
understanding. Furthermore, as biological information is limited, we focused the regionalisation
primarily to broad physical characteristics of the pelagic (waterborne) environment at sub-basin
scales (Level 1b in Table 6-2), and the benthic (seafloor) environment at the bathome and province
scales (Table 6-1).
We relied on biological and ecological information from experts to guide and verify the biophysical
interdependencies. For each province, we captured these dependencies through descriptions and
concept illustrations that show the defining aspects of the physical drivers, features and processes,
and the associated biological communities. These illustrations are useful in understanding the
complex biophysical drivers and dependencies, and they also communicate the unique aspects of
each province. These illustrations can be used as context to extend the regionalisation to smaller
scales in the future.
The participatory approach for the regionalisation involved two workshops and subsequent
refinements between CSIRO scientists and local experts. To prepare for the first workshop, CSIRO
scientists collated information from literature sources and local experts to map the physical
environment, habitats and species distributions. An initial draft regionalisation was then constructed
using the systems framework and experience from application of the framework in Australia. After
the approach was explained to workshop participants, the mapped products and local knowledge
were used to refine the preliminary regionalisation and to describe the features, processes and
interrelationships within each province and between provinces. These relationships were then
schematically illustrated by working groups set up for each province. Post-workshop activities refined
these draft regionalisations by following up on missing information and ensuring consistency in the
descriptions and illustrations. The second workshop reviewed the regionalisations and completed the
systems descriptions of each province and linkages between provinces. This latter aspect also
facilitated work on trans-boundary issues.
For completeness, the overall process for the ecosystem characterisation is illustrated in Table 6-3. In
the BOBLME project, we were not able to complete full considerations at the bathome scale (depth-
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related changes in environment and ecosystems). We simplified the bathomes to broadly comprise
the shelf, slope and abyssal zones (Figure 6-2). Transition zones are not mappable until more
complete information is obtained for species distributions, as used for example in the Australian
characterisation (Last et al. 2010).
Table 6-1 Summary of hierarchical nesting of systems and subsystems for the Bay of Bengal developed by
adapting the frameworks of Lyne and Hayes (2005) for the pelagic environment (water column) and Last et
al. (2010) for the benthic environment (seafloor).

HIERACHICAL NESTING
SYSTEM LEVEL

SCALE, KEY DRIVER

KEY CHARACTERISTICS

1. Ocean basin

Indian Ocean. Basin circulation, climate,
water masses, tectonics, terrestrial
inputs, continental drift and basin
evolution.

Unique ocean-scale composition of
environments
including
tectonics,
exchanges with other oceans, Ganges
inputs, paleo-evolution of flora and fauna
composition.

2. Sub-ocean
basin

Portions of the ocean basin that have
evolved
through
formation
or
breakdown
of
barriers
and
environments.
Tectonics
(volcanic
activity, plate collisions) and ocean
circulation are important drivers at this
scale. Composite of sub-basin-scale
pelagic and benthic units.

Unique subset of basin environment
caused by changes in drivers and/or
physical
structure
of
sub-basin.
Environmental
and
evolutionary
differentiation of faunal compositions and
formation or isolation of unique fauna.
Contains a collection of provinces.

3. Province

Units within basins with distinct fauna
evolved under distinct paleohistoric
pathways and processes: barriers
(submergence, emergence), circulation,
deep water formation and upwelling,
mode water formation, water mass
renewal and terrigenous inputs.

Core provinces contain unique biota within
an environment that is differentiated at
the sub-basin scale. Speciation aided or
hindered by physical processes and
moderated
by
biological
adaptive
evolutionary processes resulting in a suite
of endemics species that adhere to the
province unit. Transitional provinces of
mixed environments may contain a mix of
species from adjoining core provinces.

4. Bathomes

Depth-related biogeophysical processes
operating within the water column
(pelagic) and at the seafloor (benthic) see Figure 6-2. Additional depth
structures include the aragonite and
calcite saturation depths (not included
in the Lincoln et al. 1998 classification).

Depth-structured faunal units that have
adapted to and evolved with depth-related
biogeophysical
processes
affecting
habitats, speciation and dispersal.

5. Geomorphic
types

Distinct
geophysical
units
(e.g.
seamounts,
undersea
volcanoes,
mudflows,
ridges,
trenches
and
channels) that act as surrogates for
distinct fauna associated with the unit.
Unit provides differential exposure to
environment, exchanges and energy
flows.

Faunal unit adapted to environment and
habitat niches provided by the geomorphic
unit and its contained environment.

6. Facies

Hard, soft or mixed substrates formed
by various degradation and erosive
processes
with
by-products
accumulating within certain areas.

The composition and texture of facies units
provide substrates that serve a variety of
purposes for flora and fauna.
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Table 6-2 The pelagic hierarchical classification scheme used for the global analysis of water masses by Lyne
et al. (2006b).

CLASSIFICATION HIERACHY
LEVEL/NAME

EXPECTED PATTERN

KEY PROCESSES

L0: Global realms

Global- broadest distinction of water
properties

Global collections of waters – reflecting
some broad differences in bulk global
exchanges/balances

L1a: Basin
provinces

Gyral patterns spanning breadth of
basins

Largest circulations constrained by basin
boundaries (depth dependent)

L1b: Basin sub
provinces

Partitioning in sub-gyral components

Reflects differences in gyral circulation
dynamics
including
depth
related
distribution (Figure 6-2)

L2: Regional seas

Regional patterns within sub provinces

Regional circulation dynamics reflecting
localised forcing, boundary or topography
effects

L3: Field of
features

Field of temporarily variable features
associated with regional seas

Fields of eddies, fronts, meanders…

L4a: Features

An eddy, front, meander

Individual eddies: Such as Eddy J of the
EAC observed by CSIRO during Sep - Oct
1979

L4b: Feature
structure

Eddy core, edge…

The semi-permanent eddies of the EAC

6.2 Systems-based regionalisation approach
The first task in applying the approach is to systematically describe the functional relationships within
a range of nested systems constructed from bioregional units (Table 6-1). Systems and subsystems
can be defined by drivers, outputs and self-similar nesting of systems comprising functional groups,
habitats and the flow of processes that support provision of ecological services as illustrated in Figure
6-1.
We define an ecological system as follows.


An ecological system is a unique region defined by a characteristic set of drivers that control
the environment of the system, its spatial makeup and processes. Examples of drivers
include tectonic upheaval or subsidence of islands, volcanic formation of geomorphological
features (e.g. seamounts), ocean currents, tides, seasons, inter-annual and climatic
variations. Drivers may provide, and alter, the input of biotic and abiotic elements that affect
the makeup and productivity of the system and the services it provides. Drivers may also
disturb and redistribute elements of the system leading to productivity changes and
alterations in the biophysical interactions.
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Table 6-3 A list of information needs and processes involved in characterising ecosystems down to the level
of bathomes. Note that for the BOBLME project, the characterisation will extend only to the level of
province.

ECOSYSTEM CLASSIFICATION PROCESS
NATIONAL
IMPLICATIONS

ACTIVITIES

Drivers, features,
mapping, processes

Analyse and map key
along-shelf
differentiators such
as changes in species

Exploring depthrelated changes in
flora, fauna,
environment

Review, discuss and
prioritise how best to
contribute

PROCESS

Map boundaries,
schematics, drivers

Analyses of
evolutionary species
and environmental
changes along the
shelf

Adopt existing
schemes till data for
Bay of Bengal
becomes available

Explore regional,
national and
transboundary
implications

BOBLME: Workshops

Experts and national
scientists describe
differentiating
factors and draw
schematics

BOBLME: Coordinate
data collations and
organise scientists to
analyse the data

Determine unique
features, processes,
zones that are within
national boundaries

ROLES

Scientists:
Descriptions,
mapping, schematics

INFORMATION

Bathymetry, deep
ridges, plate
tectonics, sediments,
rivers, weather,
oceanography

Species communities,
habitat composition
changes; coastline
complexity; landcoast links; endemic
species distribution

Species, habitat,
water properties –
changes with depth

Coordinate,
communicate and
document relevant
information.
Contribute to
descriptions and
analyses

OUTPUTS

Mapped basins, subbasins and
descriptions

Analysed and
mapped species
distribution changes
showing Core and
Transition Provinces

Analysed and
mapped depth zones
showing Core and
Transition zones

Collated, analysed
and mapped data
and documentation
of BOBLME
ecosystems

OUTCOMES

ecosystem structures and processes

BATHOMES

Regional cooperation and common understanding of

PROVINCES

BOBLME Ecosystems

BASIN, SUB-BASIN
FEATURES



An ecological system provides services to humankind and other systems, and it may use
services provided by other systems. Within an ecological system, there is a self-similar
collection of subsystems which also respond to a set of local drivers and in turn interact with
other subsystems. Subsystems may be responsible for elements of services provided by the
main system and they may also preferentially, or otherwise, use the services provided by
neighbouring systems. At the subsystem level, drivers and services are internalised in the
sense that these exchanges occur between the subsystems and the environment surrounding
them within the main system. Thus each subsystem has a local set of drivers and services
including exchanges with neighbouring subsystems (Figure 6-1). Within each subsystem
there is a collection of biological communities (denoted by ‘B’ in Figure 6-1) which may
comprise functional groups or biota that are important to the functioning of the subsystem
and/or to the services it provides. The biological communities interact with a set of habitats
(denoted by ‘H’ in Figure 6-1).



Part of the exchange, or linkage, between systems may be from a dependence of biological
communities on habitats in more than one subsystem (denoted for example by the red
dashed line in Figure 6-1 that crosses subregions 1 and 2). Features within subsystems may
comprise important biological communities (denoted by ‘b’ within the larger ‘B’ biological
communities in Figure 6-1), which in turn are associated with one or more important subhabitats (denoted by ‘h’ within ‘H’) that are part of the subsystem suite of habitats.
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The issue of linkage between habitats and biological communities is highlighted in Figure 6-1
as dashed lines which show the types of interactions that are possible between subsystems.
An important aim in the description of subsystems is to identify and characterise these
linkages and their biological implications.

Experience with bioregionalisation analyses of Australia’s coastal and marine regions suggests that
the biological composition and structure within the first three levels (down to province) cannot be
adequately captured by geophysical surrogates alone (Last et al. 2010). We were also faced with
limited biological information as well as mounting evidence that human impacts over the past
centuries have dramatically altered the distribution, and indeed existence, of species and habitats.
Thus, we relied heavily on local expert knowledge for the biological and ecological descriptions in
defining the bioregions.
Using the hierarchical approach described above, we identified a nesting of systems within the
BOBLME down to province level. As mentioned above, the biogeography at lower levels can be
determined by geomorphology and other geophysical surrogates; therefore, their characterisation
within the provincial scale should be less complex once the required surrogate information has been
compiled.
To implement the hierarchical systems approach, we identified the broad regional differences across
the defining characteristics of the systems which included geological structuring, oceanographic and
climate forcing, pelagic and benthic habitats, community and species-specific distributions and
processes.
Key resources and considerations that we took into account included:


reviewing available data maps from a variety of sources described in the following section



holding expert opinion workshops within CSIRO and then at a regional workshop with
assembled experts from BOBLME countries. Workshop participants reviewed the draft
regionalisation products and collated information to assess the key drivers of the systems at
the provincial level (e.g. biological communities, habitats, oceanography, geomorphology,
productivity/nutrients, climate, terrestrial inputs, key species)



comparing assessments of how systems at the provincial scale may differ from other systems
at the same level because of their geologic makeup, physical environment, biophysical
drivers, component species groups and/or habitats.

Initially we conducted exploratory mapping and analyses to gain an understanding of the makeup of
the region at each of the scales; the processes operating at those scales and the adequacy of the
information in helping us make an informed decision on, or at the very least help us identify
information gaps on, ecosystem values. The information was then integrated into a systems
perspective which was used to articulate the potential ecosystem values at the various hierarchical
levels.
In some circumstances, unique systems could be identified, but with a transition system in between.
In these cases the transition system is described, including both its unique characteristics as well as
the features that characterise and overlap with the neighbouring system.
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Eco-physical system schematic
Neighbouring systems

B1 bh1

B2

B3

bh3

Physical drivers

Ecological services

(e.g. uplifts,/subsidence,
calcification, currents,
upwelling, cyclones)

(e.g. larval recruits, adult
migrants, primary
productivity, prey)

h1

H2

h3a

h3b
H3

H1

Services to industry
community (e.g.
fisheries, tourism)

Figure 6-1 Conceptual eco-physical system model – illustrating the relationship between (i) the eco-physical system and neighbouring systems and (ii) three compartments,
each comprising a major habitat type (H) and associated biological communities (B). Key sub-habitats (h) and their associated biological communities (b) are also shown. The
influence of physical drivers and flow of ecological services are also shown at the system and subsystem level.
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Figure 6-2 Marine depth zones after the schema of Lincoln et al. 1998 (as drawn in Last et al. 2010).
Neritic: Water column overlying the continental shelf down to ca 200 m depth. Epipelagic: The photic zone, from
the ocean surface down to the depth influenced by light. This depth to which light penetrates depends on water
clarity; in clear open ocean waters this is ca 200 m in depth. Typically this is the depth within which plankton are
found. Mesopelagic: The upper aphotic zone down to a depth of ca 1000 m, typically contains vertically
migrating species. Bathypelagic: Extends from ca 1000 to 2500 m. Species here rely upon the rain of material
from shallower depths, or deep currents. Abyssopelagic: Depth layer above the major ocean basins with a lower
boundary of ca 6000 m. Species highly adapted to living in the deep dark oceans, entirely reliant on depositions
from above and/or hydrothermal vent communities. Hadopelagic: Extension of layer above to deep oceanic
trenches, from ca 6000 m and below.

6.2.1 BASIN SCALE — BAY OF BENGAL WITHIN THE INDIAN OCEAN
Of the world’s oceans, the Indian Ocean is unique in having a closed northern boundary apart from
leakage between the western Pacific and the eastern Indian oceans occurring via the Indo-Pacific
Throughflow. The closed northern boundary allows thermohaline (temperature and salinity-related
density changes) pressure gradients to develop and play a key part in the circulation processes of the
Indian Ocean. The southern extent is undefined as it is in intimate contact with waters and currents of
the Southern Ocean which sweep well north into the Indian Ocean to affect its circulation and water
properties. Being closed in the north, active air–sea exchanges cause a characteristic series of currents
and monsoonal weather patterns to develop. Active exchange with the Southern Ocean also takes place
via boundary currents that flow pole-ward on both sides of the ocean: the Agulhas Current in the west
and the Leeuwin Current in the east (Figure 6-3).
The BOBLME sits at the north-eastern extent of the Indian Ocean, and is therefore relatively
disconnected from the influence of the neighbouring Pacific Ocean, apart from the waters travelling
through the Straits of Malacca. This connection provides some connectivity in terms of biogeography,
with larvae able to traverse from east to west. However, the volumetric flow is relatively weak (Wyrtki
1961: page 9) and has little influence on water characteristics of the BOBLME system.
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Figure 6-3 Tomczak and Godfrey’s (2005) depiction of the surface currents in the Indian Ocean during the northeast monsoon (March–April) (after Tomczak and Godfrey, 2005).

BOBLME sits north of the Indian Ocean northern Equatorial Current. This current drives the clockwise
gyre that influences the connectivity within the BOBLME system. As the BOBLME is largely closed to the
north, thermohaline forcing results from seasonal temperature changes, river runoff (in particular
through the Ganges Delta) and evaporation. These processes fundamentally alter water properties,
productivity, circulatory processes and the formation of fronts.
The north–south gradation of water properties combined with the basin-scale circulation are key
features at the basin scale. Water depths are relatively large and sedimentary processes carry
sediments and other waterborne constituents south from the Ganges Delta along the Bay of Bengal
Mud Fan which spans almost the length of the BOBLME. Tectonic subduction processes vary from a
normal subduction of the India-Sunda plate at the Bangladesh fold, to oblique processes at AndamanSumatra, and highly oblique at western Myanmar (Nielsen et al. 2004). These processes have
fundamentally shaped the unique and diverse seafloor environments of the eastern Bay of Bengal.
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6.2.2 SUB-BASINS

Figure 6-4 Sub-basins and major physiographic features of the BOBLME region. The BOBLME system contains
elements of the Mid-Indian, Andaman and Cocos basins.

The sub-basins of the BOBLME are a composite of the water column (pelagic) variations at sub-basin
scale as well as the more obvious seafloor (benthic) sub-basin structures.
Broadly, the pelagic structures arise from differentiation in water formation and circulation processes
operating at the scale of the BOBLME and comprise: the outflow of the Ganges Delta, the circulation of
tropical Indian Ocean waters at the southern boundary of the BOBLME and the constrained circulation
of waters within the Andaman Sea.
Benthic structures arise from seafloor variations from components of the various structures contained
within the BOBLME. The present-day north-eastern Indian Ocean is bounded to the west by the Chagos
Laccadive Plateau and to the east by the Southeast Asia archipelago (Figure 6-4). The Ninety East Ridge
bisects this region and divides the Mid-Indian Ocean Basin from the Cocos Basin. The Ninety East Ridge
is a north–south trending aseismic volcanic ridge that extends ~5000 km between 10°N and 30°S along
the 90°E meridian that developed during the late Cretaceous and Cenozoic (Heezen and Tharp 1965). It
is defined by the 4000 and 3000 m isobaths, with relief of around 2500 m. It comes within 1 km of the
ocean surface and continues to develop through faulting, particularly in the south. These basins occur
on the north to north-east moving Indo-Australian plate, beyond zones affected by seafloor spreading
(Pushcharovsky 2007) (Figure 6-5). The third basin that makes up the BOBLME system is the Andaman
Basin. It occurs between the subduction zone of the Indo-Australian plate and the large Eurasian Plate
that rises to the surface to form the Andaman and Nicobar islands, and the Southeast Asian landmass.
The history of the basins has included significant lateral and vertical movement of the crust (kilometres
in magnitude), dominated by subsidence (Pushcharovsky 2007). Sediments overlie a basement of pillow
basalts (Veevers 1974). The sedimentary sequence indicates that over time sediment sources have
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varied. Basaltic volcanic soils dominated from pre-late to mid Miocene. This was followed by a shift to
more complex inputs including Indonesian silicic volcanics, sediments from the Ganges and
Brahmaputra rivers, aeolian sediments from the western Australian margin, pelagic siliceous material
settling from the water column in the equatorial productivity zone, and continuing but less significant
basaltic volcanics locally (Pimm 1973). Sedimentation rates are generally low and, except in areas
adjacent to seamounts and ridges, sediments are dominantly of pelagic origin (Pimm 1973; Royer et al.
1991). Surficial sediments in the north-eastern Indian Ocean show a pattern of increased carbonate
content and decreasing silica content with increasing water depth (Williams 1992).

Figure 6-5 Indo-Australian plate and margins with seismic events (Credit: University of Melbourne School of
Earth Sciences).

The Cocos Basin is bounded by the Ninety East Ridge in the west, the Sunda Trench in the north-east,
and delineated by isobath patterns in the south (Pushcharovsky 2007). Its 1 950 300 km 2 area is
predominantly flat abyssal plain occurring at water depths around 5500 km. In the north of the basin,
relief is generally limited to low abyssal hills that rise above sediment sheet and minor depressions.
North–south oriented broad ridges, with little or no sediment cover, and sediment-filled valleys cover
significant areas in the central-south of the basin. In the south of the basin, complex faulting has formed
a series of north–north-east trending ridges and troughs (Luyendyk and Rennick 1977). Similar features
occur in the adjacent Central Indian Basin to the west, indicating that the basins were likely joined until
the development of the Ninety East Ridge (Pushcharovsky 2007).
The Bengal Fan is the largest basin within the BOBLME. It has an area of approximately 2.8 to 3 million
km2 and a length between 2800 and 3000 km (Curray et al. 2003). It ranges in water depth at its source
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from 1400 m to near 5000 m at its southern extremity. The volume of sediments in the fan volume is
estimated to be about 12.5 million km3 (Curray 1994). At a sub-basin scale, Curray et al. (2003) propose
a three-fold division of the fan based on the seafloor gradients along the central ‘active’ valley of the fan
surface:
1. Upper fan, with average valley gradients of about 2.39 m/km, and a fan gradient of about 5.7
m/km. The thalweg of the active fan valley lies above the level of the adjacent fan, and the
lower boundary of the upper fan is placed where the thalweg of the channel is cut into the fan
surface, rather than being built above it.
2. Middle fan, where both the fan and fan valley gradients average about 1.68 m/km, and the
valleys are smaller in cross-sectional area.
3. Lower fan, where the gradients drop to less than about 1 m/km, except locally where the
gradient may increase because of valley fill.
Curray et al. (2003) propose that the boundaries between the upper and middle, and the middle and
lower fan are approximately at the 2250 and 2900 m water depth respectively.
The BOBLME can be subdivided into three major water mass types based on the composition of water
properties, including the distribution of the element Neodymium (Figure 4-12). The approximate
demarcations (as discussed in Section 4.3) are located at 16.5oN and 10oN, corresponding to water
depths of 2400 m and 3300 m respectively. It therefore seems reasonable to combine the results of
Curray et al. (2003) and our pelagic characterisation to subdivide the Bengal Fan into three subunits:
1. Upper fan: An active depositional environment overlaid with waters highly influenced by the
outflow from the Ganges Delta system. The southern boundary of this region is a front
separating the fresher waters of the Ganges from those in the ‘core’ of the Bay of Bengal.
2. Middle fan: A transitional environment of lesser energy and lower frequency sediment
transport events overlaid by waters that are a mixture of those from the Upper Fan and those
from the southern boundary of the BOBLME.
3. Lower fan: A relatively quiescent depositional environment overlaid by tropical Indian Ocean
waters. In the water column, the northern boundary is marked by a front separating the ‘core’
waters from the tropical Indian Ocean waters.
Taking into consideration the results of Curray et al. (2003) and our pelagic characterisation, it is
appropriate to propose that the boundaries between these units are approximately at 2300 m and 3100
m water depth respectively. Considering that the demarcations arise from using very different
information and processes, the general agreement is remarkable and points to overarching processes
that link the water column properties with those on the seafloor.
For the purposes of this project we do not consider these demarcations further until a more complete
regionalisation is conducted of the pelagic realm. However, in extending the sub-basin boundaries onto
the continental slope and shelf, we do attempt to match up each sub-basin boundary to the nearest
province boundary. Provinces are described in the next chapter.

6.2.3 PROVINCE SCALE
Provinces are a higher level concept than bathomes or depth-related units such as the continental shelf,
slope, ridges and abyss. This is because provinces capture the end result of paleohistoric processes of
evolutionary speciation adapting and radiating across an evolving tectonic landscape. Bathomes are
therefore a lower level construct to provinces where species evolve to adapt to niche environments
created by depth related environmental variations. In practice though, broad bathome structures have
relatively well-defined geophysical boundaries of abrupt environmental change which can be used to
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construct broad bathome units that are useful for management and conservation. We follow this
approach in this study and consider shelf, slope and abyssal zones.
Provinces are constructed here from a combination of biogeography and key drivers for biological
community formation (Table 6-1). Broad bathome structures were delineated for the shelf (coast to the
shelf break, usually at ~200 m depth contour), slope (shelf break to the base of the shelf slope, usually
at ~2000 m) and abyssal bathomes. We also delineated the ridges that make up the basin boundaries,
including the Chagos Laccadive Plateau (Coral Island Ridge), the Ninety East Ridge and the AndamanNicobar Ridge.
Table 6-4 Biophysical provinces of the BOBLME grouped according to sub-basins (first character in the ‘Level’)
and the broad bathomic unit: a = shelf (<=200 m depth), b = slope (>200 m depth), c = deep ocean including
ridges, rise and abyss (second character in the ‘Level’). The third character in the ‘Level’ is a unique identifier for
the province (kept the same if possible for a shelf, slope, abyss combination).

SUB-BASIN SYSTEMS
LEVEL

1

2

3

4

5

PROVINCES

NAME

Ganges

Central Transitional Front

Tropical Indian Ocean

Andaman Sea

Sumatra

LEVEL

NAME

1a1

North East Indian Shelf

1b1

North East Indian Slope

1c

(Upper) Bay of Bengal Abyss

1a2

Ganges Shelf

1b2

Ganges Slope

1a3

North West Myanmar Shelf

1b3

North West Myanmar Slope

2a

Coromandel Shelf

2b

Coromandel Slope

2c

(Middle) Bay of Bengal Abyss

3a1

Sri Lankan Shelf

3b1

Sri Lankan Slope

3a2

Palk Bay Shelf

3a3

Gulf of Mannar Shelf

3b3

Gulf of Mannar Slope

3a4

South West Indian Shelf

3b4

South West Indian Slope

3c1

Coral Island Ridge

3c2

(Lower) Bay of Bengal Abyss

3c3

Ninety East Ridge

4a1

Irrawaddy Shelf

4b1

Alcock Rise Slope

4a2

Myanmar Shelf

4b2

Mergui Terrace Slope

4c1

Andaman Abyss

4c2

Andaman and Nicobar Ridge

4a3

Strait of Malacca Shelf

5a1

Aceh-Northern Sumatran Shelf

5a2

South West Sumatran Shelf

5b2

South West Sumatran Slope

5c

Cocos Abyss

An Ecosystem Characterisation of the Bay of Bengal: Final Report | 65

The longshore axis of the shelf and slope bathomes were then delineated into provinces based on the
key drivers. These drivers include pattern and complexity of the coastline and seafloor topography,
tectonic structures (such as fault lines), riverine input (e.g. adjacency to large deltas), current patterns
and productivity. Some provincial bioregions will have stronger drivers and biogeography in terms of
endemic species than others. In the Australian bioregional experience, provinces were designated as
core and transition zones. However, such analyses require species information for the whole region.
This distinction was not made for the BOBLME for this phase of the study but we identified likely
transition zones when possible.
This regionalisation conducted in the first workshop resulted in 29 provincial bioregions that can
adequately characterise the biophysical setting of the BOBLME system (Table 6-4, Figure 6-6).

Figure 6-6 The BOBLME region shelf, slope, abyss and ridge provinces. Note that the pelagic boundaries are not
marked as they were not part of this study.
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7 Province systems characterisations

7.1 Coral Island Ridge Province

Figure 7-1 Coral Island Ridge Province (outlined in red).

7.1.1 PROVINCE BOUNDARIES
The Coral Island Ridge Province lies on a prominent volcanic ridge and oceanic plateau extending
between the Northern and the Central Indian Ocean. The ridge extends northward from 1° S at the
southern end of the Maldivian Archipelago to 14° N at the northern end of Lakshadweep (Figure 7-1). It
forms a sub-surface barrier between the western and eastern Indian Ocean so many of its ecological
features are strongly influenced by the major currents in the northern Indian Ocean such as the East
Arabian Current and the Northern Equatorial Current.
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7.1.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology

Figure 7-2 Geomorphology of the Coral Island Ridge Province (outlined in red).

The Coral Island Ridge Province is an almost continuous submerged ridge in the Arabian Sea which
extends in a north–south direction down to 2000 m depth. The province is approximately 1750 km long
and 300 km at its widest point. The eastern flanks of the ridge seem to be steeper than the western
portion (Prakash 2015). The province is comprised of two shoals: the Maldivian Archipelago (Maldives)
and Lakshadweep. The geomorphology of the two shoals is quite different.
The Maldives contains 26 atolls aligned in a north-south direction. The area encompasses 90 000 km2
(Ali 2004), with ~4500 km2 of reef area and ~15 500 km2 of lagoon habitats (Naseer and Hatcher 2004).
There are 16 large atolls, five oceanic faros and four oceanic platforms (Naseer and Hatcher 2004). The
atolls lie around the edge of the Maldives Plateau (classed as ridge in Figure 7-2), creating a double
chain in the central part of the Maldives, partially enclosing an "inner sea" above a terrace. Lagoon
depth and continuity of the atoll rim increases in the direction from north to south along the ridge (Ali
2004). Increasing from south to north are the number of faros, number of patch reefs inside the atoll
and number of reefs with a single island (Ali 2004).
Lakshadweep is comprised of 36 islands and islets including 12 coral atolls with low elevation (Prakash
2015). The geographic area of the group of islands 20 000 km2 (including territorial waters) includes
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32 km2 of islands, a coastline length of 132 km and lagoon area of 4200 km2. All, except for one island,
have a north-east–south-west orientation. In contrast to the Maldives, Lakshadweep is not located on
top of a plateau.
The lagoons within the Coral Island Ridge Province are up to 60 m depth inside atolls and up to 200 m
depth on the inter-atoll shelf. Inner lagoons often have numerous coral ridges rising to within 10 m of
the water surface.
Seamounts also occur in this province rising from ~800 m depth to within ~ 100 m of the sea surface.
Escarpments, guyots and canyons are also submarine features of this province (Figure 7-2).

Climate
The monsoonal changes in weather and oceanography are key drivers of the strong seasonal cycles in
and around the Coral Island Ridge Province. Winds, humidity, rainfall, temperature and salinity are
strongly affected by the monsoons. From May to October the south-west monsoon brings torrential rain
to this province and the seas become moderate to rough. Winds during this time are approximately
5.1 m/s (Kench and Brander 2006). The north-east monsoon is present from November to April and
generally brings dry conditions and calmer seas, although the winds are still relatively strong, travelling
at 4.9 m/s. The transition months (October and May) are typically characterised by the wind patterns
changing directions and tend to be very chaotic (Corrigan 2006). Violent storms are rare within this
province.
Rainfall increases from north to south along the Coral Island Ridge Province, with an average of
254 cm/year in the north and 381 cm/year in the south. Increasing from south to north are the effects
of storms and seasonal reversal (Ali 2004).
Due to the absence of rivers, there are almost no sediments from inland sources so the waters within
this province are very clear and exhibit ideal conditions for coral growth. Air temperatures range
between 24° and 31° C. Spring tides are semi-diurnal, and ranging from 0.3-1.2 m.

Oceanography
Due to the geomorphological differences between Lakshadweep and the Maldives (Section 7.1.2 –
Bathymetry and Geomorphology), and their position relative to the mainland, the oceanography in the
Coral Island Ridge Province is quite different for these two archipelagos.
The Maldives are positioned further south than the southern tip of India and primarily under the
influence of the North Monsoon Current (NMC) during the north-east monsoon, and the South
Monsoon Current (SMC) during the south-west monsoon. As the north–south orientation of the
Maldives lies perpendicular to the east–west flow of the monsoonal currents, von Karman vortices
create mixing of the waters on the lee side of the islands. This is particularly evident during the northeast monsoon, probably due to the stronger winds during this season and the steeper slope of the
eastern side of the ridge. During this time deep nutrient-rich water is mixed into the euphotic zone as
monsoonal currents flow over the Maldivian Plateau (Anderson 2011). Surface currents are strongly
affected by the prevailing monsoonal winds.
Lakshadweep is located off the west of southern India and comes under the influence of the West
Indian Coastal Current (WICC) (Figure 7-3). During the south-west monsoon, the WICC flows southward
in the Arabian Sea and circulates around Lakshadweep in a clockwise direction. This eddy circulation is
reversed (now anti-clockwise) during the south-west monsoon period (de Vos et al. 2014).
The presence of seamounts throughout the pelagic environment of this province interact with waves,
currents and tides leading to localised mixing of the water column. In the shallower areas, tidal
variations generate a strong counter current, further leading to the mixing of the water column.
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Figure 7-3 Seasonal circulation patterns around Sri Lanka and Southern India for (a) the north-east monsoon and
(b) the south-west monsoon. WICC – West Indian Coastal Current, EICC – East Indian Coastal Current, SMC –
South Monsoon Current, NMC – North Monsoon Current, SD – Sri Lankan Dome (extract from de Vos et al.
2014).

7.1.3 ECOLOGICAL ASSETS
Productivity Features
The Coral Island Ridge province is an offshore region that is generally not influenced by run-off from
large continental rivers. In this sense, it as a comparatively oligotrophic region similar to other coral reef
dominated regions globally. However, the generally north–south orientated chain of islands lies
perpendicular to the east–west flow of the major monsoonal currents in the region. (Figure 7-3)
(Anderson et al. 2011; Sasamal 2006). As the currents travel through the archipelagos, von Karman
vortices create mixing of the nutrient rich, deep water into the euphotic zone and provide optimal
conditions for the enhancement of primary productivity (Figure 7-4) and the development of
zooplankton biomass. This is called the island wake, or island mass effect. The presence of a double
chain of atolls in the Maldives probably also enhances total primary productivity by creating mixing
eddies that promotes localised upwelling (Anderson et al. 2011).
This productivity enhancement is particularly prevalent during the winter north-east monsoon probably due to the stronger winds during this season and the steeper slope of the eastern side of the
ridge - and results in a high productivity region to the west of the island chain (Figure 7-4). Seasonal
mean chlorophyll-a concentration is about 40% higher on the downstream side of the Maldives ridge
than on the upstream side (Anderson et al. 2011), though with some variability in its strength and
transport annually (Sasamal 2006). During the south-west monsoon this effect is also observed, though
to a less extent. However, during the south-west monsoon, water with high nutrient concentrations
from Arabian Sea is transported south along the West Indian Coastal Current (WICC) and drives high
productivity to the northern sections of the province, particularly Lakshadweep. These interactions of
the monsoonal currents with the islands, particularly during the south-west monsoon provide an
important supply of chlorophyll that also flows around and to the west of Sri Lanka into the Bay of
Bengal.
Seamounts throughout the pelagic environment of this province interact with currents and tides leading
to localised mixing of the water column. In the shallower areas, tidal variations generate a strong
counter current further leading to the mixing of the water column.
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Figure 7-4 Seasonal distribution of Chl-a in the waters around the Maldives, as revealed by composite SeaWiFS
satellite images (Anderson et al. 2011). (a) north-east monsoon season (21 December 2006 to 20 March 2007).
(b) south-west monsoon season (22 June 2006 to 21 September 2006).

Habitats and Ecological Communities
A dominant feature of the Coral Island Ridge Province is the coral reefs that occur in the shallow waters
of most of the pinnacles and seamounts that are within 50 m of the surface. There are several dozen of
these features in the province (Figure 7-5). The Maldives contains the largest area of coral reefs in the
BOBLME (estimates of 4513 km2, Naseer and Hatcher 2004; and 3500 km2, Table 7-1). This is about half
of the shallow reefs in the BOBLME, over 10% of Indian Ocean reefs, and is a globally significant reef
area (1.7% of global coral reefs) (UNEP-WCMC 2010). Reef systems in the province are all associated
with coral atolls and include outer reef and inner reef (within the lagoon) habitats. In the Maldives, in
particular, the islands themselves are built from reefs and the people depend heavily on them for
fishing and tourism. Scleractinian corals of the Maldives have been relatively well studied. The total
number of coral species recorded from the Maldives to date is about 200, representing over 60 genera
(Naseer 1997).
Mangrove cover is very small in the Coral Island Ridge Province (Table 7-1), and is only a tiny fraction of
mangroves in the BOBLME region. However the mangrove cover data (0.8 km2) may be an
underestimate given the diffuse nature of mangrove habitat in the province. Indeed, 12% of the islands
in the Maldives have some mangroves; with 13 mangrove species recorded belonging to 9 genera
(Shareef 2010). Most mangroves are located in northern and southern most atolls (Figure 7-5). There
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are 3 protected mangrove areas; K. Huraa Mangrove area, Eydhigali Kilhi Koattey area of S.Hithadhoo,
and Goidhoo Kulhi (Shaheem 2012).
Seagrass beds have been documented at several locations throughout the Coral Island Ridge Province
and are an important ecological feature of the region (Table 7-1, Figure 7-5). These habitats are
extremely important for a range of benthic biota, both as nursery and adult habitat, and as food for
turtles. Seagrass patches are very often found in the shallow lagoons just behind coral reefs. The
Maldives contains most of the seagrass habitat within the province, with five species recorded on
Mathifaruhuraa (Mathifaru Huraa) Island alone (Shareef 2010).
In Lakshadweep, seagrass meadows occur in long stretches along the shores and are confined to depths
shallower than 3 m (Seagrass watch, India 2014). The total seagrass cover in the Lakshadweep regions
was estimated to be 1.12 km2 of which Minicoy (the southernmost island) has an estimated 0.4 km2,
followed by Kavaratti (0.34 km2) and Agatti (0.19 km2). Seagrass flora of Lakshadweep is dominated by
Thalassia hemprichii and Cymodocea rotundata. The seagrass meadows are mainly confined to lagoons
towards the leeward side, and can include Syringodium isoetifolium and Halophila ovalis. Small patches
of Halodule uninervis and Halophila ovata occasionally occur in the protected sandy regions of the
lagoons and on the reef flats towards windward sides at Kavaratti and Agatti islands (Seagrass Watch,
India 2014).
The coral atolls that make up much of the shallow benthic environment in the Coral Island Ridge
province have carbonate sandy substrate that forms important habitats for epibenthic and burrowing
invertebrates such as sea cucumbers, sepunculids, sea urchins, bivalves, and star fish. Fifty-one species
of echinoderms, five species of sea grasses and 285 species of algae have also been identified. Sponges
have gained a special interest as five species have already being identified as having anti-tumour and
anti-cancer properties (Naseer 1997).
The reef slope and inner lagoon system support populations of reef fish, corals, sharks, bait fish, whale
sharks, manta rays, invertebrates, sea birds and neritic tunas. A total of over 1000 species of fish have
so far been catalogued from the Maldives habitats. Over 300 of these were recorded from the Maldives
for the first time during the study of Naseer (1997). Seven species have been described as new to
science, several more await description. Over 400 have been identified and catalogued and many are
now held in the reference collection (Naseer 1997).
The province includes a vast pelagic realm, which is the home to dolphins, tuna, oceanic sharks, turtles,
bill fish, whales and sea birds. Tuna, bill fishes and sharks are known to spawn in these waters. Many of
these species are highly migratory so could migrate between neighbouring provinces and countries.
Tuna fishermen often target the areas with seamounts as tuna and other large pelagic species tend to
aggregate large numbers these areas.
Deep demersal fishes are found associated with the seafloor of the inter-atoll shelf, the deeper parts of
the outer atoll slopes and bathyal regions (Shiham et al. 1997). The substrate is generally made up of
fine sediments and mud supporting infauna, crustacea, amphipods and scavengers.
Five species of turtles have been recorded for the Maldives of which Chelonia mydas and Eretolochelys
imricata are the most common two species that breed in the region (Naseer 1997).
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Table 7-1 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Coral Island Ridge Province.
HABITAT

CORAL ISLAND RIDGE PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

3495.5

1.63

Mangrove

0.8

<0.01

Seagrass

2457.4

1.15

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-5 Distribution of seagrass, mangrove and coral cover within the Coral Island Ridge Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Key Species
Dolphin, turtle and whale shark all occur in significant numbers in the region, with some turtle nesting
beaches designated as protected areas. Seabirds, sharks, rays and sea snakes are also considered under
threat in the region.
Extensive fisheries for neritic and offshore tuna occur in the province which supports a major pole and
line skipjack tuna fishery, much of which is exported. Handline yellowfin tuna fishery is the second
major fishery and, although smaller, is equal in economic value to pole and line skipjack tuna fishery in
terms of export earnings. Recently, a longline fishery mainly targeting bigeye tuna has been established.
Baitfish are an important prey for pelagic species and are used in the pole and line tuna fishery. About
40 species have been recorded with 11 species dominant in the baitfish catch, especially Clupeidae
(silver sprat, Spratelloides gracilis) and Caesionidae (fusiliers) (Anderson 1997).
Grouper (Serranidae) is the most significant reef fishery, though some species may be threatened (Ali
2004; Shakeel 1994). As many as 40 species of groupers occur in the Maldives, of which only a few
species are fished. The grouper fishery became a specially targeted fishery due to the increase in
demand for groupers from the local tourism sector and international markets. Some species of groupers
may be threatened due to this targeting (Ali 2004).
Other harvested species include lobster, sea cucumber (9 species) and aquarium fish (~100 species, with
20 species comprising over 75% of the trade) (Ali 2004).
Threatened and/or protected species in the province include turtles (green, olive ridley, hawksbill,
loggerhead and leatherback turtles), and there is currently a ten-year moratorium on catching turtles in
the Maldives until 2016 (Ali 2004). Whale shark, other sharks (38 species), dolphins (7 species), manta
rays (2 species) and napoleon wrasse are also partially or totally protected in the province. Manta rays
are commonly associated with reef systems though their distribution is strongly influenced by the
seasonally reversing monsoon currents, with them favouring the downstream sides of the atolls
(Anderson et al. 2011).

7.1.4 TRANS‐BOUNDARY LINKAGES
Pelagic sharks, sea turtles, seabirds and whale sharks all traverse this province during migrations or
broad scale movements. Sharks are actively targeted by fishermen in neighbouring provinces, thus the
impact of the shark ban in the Maldives might not have a significant effect as several shark species are
highly migratory in nature. Tuna populations are prominent in the province and tuna are highly
migratory in nature.
All seabirds in the Coral Island Ridge Province are migratory, and therefore may travel to neighbouring
provinces where protected strategies may vary widely.

74 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

Figure 7-6 Illustration of the Coral Island Ridge Province.
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7.2 South West Indian Shelf Province

Figure 7-7 South West Indian Shelf Province (outlined in red).

7.2.1 PROVINCE BOUNDARIES
This shallow shelf province extends from Kanyakumari at the southern tip of India to Ratnagiri (Angrea
Bank) in Maharashtra State on the west coast of India, approximately 1000 km to the north-west. It is a
relatively wide shelf ranging from 50 km in the southern parts to 120 km in the north. The southern
boundary coincides with the end of the Indian subcontinent and feature called the Wadge Bank; and the
northern boundary is where the shelf widens and comes under the influence of larger northern Indian
rivers such as the Narmada River. The terrestrial border comprises unique Western and Southern Ghats
and associated small river systems but with very large pulse flows during the south-west monsoon.
The outer limit is the South West Indian Slope Province and the unique Wadge Bank and Laccadive Sea,
where the Maldive Ridge intersects the Indian continental margin (Figure 7-7) and the major northern
Indian Ocean currents are forced closer to the coast.
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7.2.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The shelf has a medium to low profile of terrigenous sand sandwiched between silty clay in the inner
and outer shelf. The southern part, that includes sections of the Wadge Bank, is generally more rocky.
The shoreline is mostly sand beaches with backwater lagoons behind extensive dune systems.
There are 41 rivers entering the system from the coast that result in large freshwater and sediment
influx into the system during the south-west summer monsoon. Much of this water is fed through
extensive backwaters and estuaries adjacent to the coast such as Vembanad and Ashtamudi backwaters
in the southern parts, and Mandovi and Zuari estuaries in the central sections of the province. During
the south-west monsoon, mud banks occur throughout the shelf habitat, and suspended silt and clay
plumes reach up to 10 to 12 km from the shore.

Figure 7-8 Geomorphology of the South West Indian Shelf Province (oulined in red).

Climate
The dominant climate patterns in this province are the seasonal, reversing monsoons. During the
summer south-west monsoon (peaking in May to September) south-west winds bring warm, moist air
into the region from the Indian Ocean (Chapter 4, Figure 4-3). This reverses in winter during the northeast monsoon (peaking in December to February) when north-west winds from the Asian continent
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bring moist air picked up during their transit across the Bay of Bengal. This results in a less intense but
longer wet season, although it shows high annual and inter-annual variation (Reddy et al. 1992). Rainfall
in this region is approximately 300 cm/year. There are two inter-monsoonal periods: during March and
April and also October and November.
These weather patterns become more pronounced further north in the province. There are also typical
equatorial patterns influencing the province, including more consistent climate year-round and a
decreased frequency in cyclonic activity compared to the Bay of Bengal provinces further north.

Oceanography
The seasonally reversing West Indian Coastal Current (WICC) is the dominant current in the region of
the South West Indian Shelf Province, flowing pole ward (north) during the north-east monsoon in
winter (November to February) and equator-ward (south) during the south-west monsoon during the
summer (June–September) (Figure 7-3). However, the Lakshadweep archipelago causes some change in
current direction by setting up a gyre that reverses the major currently locally (de Vos et al. 2014, Figure
7-3).
The influence of the WICC in summer brings relatively high salinity Arabian Sea water to the region,
although this is countered by high runoff during this time from local rivers. The rainfall associated with
the south-west monsoon creates freshwater plumes in surface waters from the numerous rivers
discharging into the ocean.
Local current dynamics include upwelling currents during the south-west monsoon (June–September),
and Rossby waves that set up small-scale eddies in the region that drive both upwelling and downwelling.
There is seasonal hypoxia (low oxygen) of waters below the thermocline (~100 m) associated with the
strong stratification of surface waters and influence of low oxygen Arabian Sea waters. The coastal
waters of the south-west Indian continental shelf have naturally occurring hypoxia due to upwelling of
low oxygen waters, but also from nutrients from anthropogenic sources and eutrophication which may
be lowering dissolved oxygen and expanding this oxygen minimum zone (Naqvi et al. 2009).

7.2.3 ECOLOGICAL ASSETS
Productivity features
This region is a high productivity due to coastal upwelling and cyclonic eddies bringing high nutrient
water into the thermocline. Also, the high levels of terrigenous input during the south-west monsoon,
and associated mud bank formation, drives phytoplankton and bacterial production. The seasonal
phytoplankton bloom is dominated by diatoms and occasionally dinoflagellates, with a productivity
maximum of 2 to 3 mg/m3. There are also Trichodesmium blooms during the more oligotrophic spring
(Mar. – June) season, particularly offshore.
Much of the shelf province would contain typical shallow soft sediment communities with mostly
burrowing infauna such as polychaetes (165 species, 32 families), amphipods, gastropods, bivalves and
urochordates.
There are small isolated inshore coral reefs along the entire coast, that support reef invertebrate and
finfish communities. These reefs are impacted by freshwater and high turbidity events. Small patches of
mangroves also occur in the Mandovi and Zuari estuaries, although not represented in the global
habitat coverage data (Table 7-2).
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Table 7-2 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the South West Indian Shelf Province. (P – known to occur in region but not represented in global habitat data.)
HABITAT

SOUTH WEST INDIAN SHELF PROVINCE
2
AREA (KM ) PERCENT COVER

Coral

132.9

0.15

Mangrove

P

P

Seagrass

P

P

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-9 Distribution of seagrass, mangrove and coral cover within the South West Indian Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Habitats and ecological communities
Vembanab Lake is a micro-tidal estuary receiving freshwater inputs from six rivers. It is one of the
largest wetlands along the west coast of India (256 km2). The estuary was known for its rich biodiversity
which has been negatively impacted and reduced by industrialisation and urban encroachment. The
system is considered to be under considerable stress (eutrophic) attributed to anthropogenic influence
and to the physical characteristics of the estuary. Since the mid 1970s, anthropogenic activity has
increased considerably in the area generating massive amounts of industrial and domestic wastes per
day which are directly release without treatment into the system.
The shelf is characterised as having a high biodiversity and biomass, due to the diversity of habitats that
occur in the region and its high productivity. High density of epi-benthic invertebrate communities are
associated with hard substrate, particularly in the Wadge Bank in the south, and diverse fish, crustacean
and cephalopod populations also occur in the region. These populations support local fisheries with
catches of about one million tonnes per year, about half of which is small pelagics, though there is some
concern about over-capacity and depletion of some fish populations. Pelagic communities are
dominated by small pelagics, including sardine, anchovy, and mackerel, with mid-water populations of
ribbonfish and horse mackerel. Demersal communities are dominated by shrimp, perch and cuttlefish.

Key species
Dolphin, turtle, whale sharks, windowpane oyster all occur in the region, with some turtle nesting
beaches designated as protected areas. Seabirds, sharks and rays (10 spp.) and sea snakes are also
considered under threat in the region.

7.2.1 TRANS-BOUNDARY LINKAGES
This province is the corridor of whale shark from Central Indian Ocean to the Gujarat coast. Sea turtles,
dolphins and whales also migrate through this region. Tuna migrated from Coral Island Province. Some
pelagics and shrimp migrate from and to the Gulf of Mannar Shelf and Gulf of Mannar Slope provinces.
The brackish backwaters found throughout the province are linked to the life cycle of crabs and shrimps.
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Figure 7-10 Illustration of the South West Indian Shelf Province.
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7.3 South West Indian Slope Province

Figure 7-11 South West Indian Slope Province (outlined in red).

7.3.1 PROVINCE BOUNDARIES
This slope province extends form Kanyakumari at the southern tip of India to Mangalore on the west
coast, approximately 600 km to the north-west. It is widest in the south at ~150 km wide, and narrows
in the north at about 50 km wide.
The southern boundary coincides with the end of the Indian subcontinent and feature called the Wadge
Bank. The northern boundary is where the Lakshadweep archipelago meets the shelf and the Coral
Island Ridge ends. The outer limit is the Indian Ocean abyss and the Lakshadweep archipelago. The high
runoff and freshwater inputs combine with the abrupt escarpments and complex topography to define
the boundaries.
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7.3.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The South-West Indian Slope Province is a complex geographical feature with numerous large canyons,
terraces and escarpments, including a major offshore terrace and escarpment at about latitude of
Kollam in the southern section of the province. The Wadge Bank is a major rocky plateau that sits
against the southern Indian continent and provides a suitable platform for productive benthic
ecosystems in the area.
The complex topography of the province promotes turbulent oceanic currents mixing deep waters from
the major current systems that flow across them.

Figure 7-12 Geomorphology of the South West Indian Slope Province (oulined in red).
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Climate
The climate in this province is dominated by the prevailing south-west and north-east monsoons. These
and other climate features are very similar to those of the adjacent South West Indian Shelf Province
and are described in Section 7.2.2.

Oceanography
The oceanography of this province has similar broad scale ocean current influences to the adjacent
South West Indian Shelf Province, with the WICC being influenced by the SMC and NMC, and the
Lakshadweep gyre causing changes in the current locally (as described in Section 7.2.2).

7.3.3 ECOLOGICAL ASSETS
Productivity features
The waters of this province are generally heterotrophic, but the southern part of the slope becomes
seasonally productive due to upwelling during the south-west monsoon, bringing high nutrient water
above the thermocline. This results in a highly productive fishery in the region and is considered one of
the best fishing grounds in India. Productivity is also enhanced in the northern part of the province
during the south-west monsoon due to the interaction between the Indian Coastal Current and complex
topography in the area resulting in Rossby waves. However, productivity can be variable in time and
space due to the complex interaction between the increased nutrient levels and lower light penetration
and organic matter binding and deposition caused by high levels of terrigenous input that flows off the
shelf during the south-west monsoon.
The seasonal phytoplankton bloom is dominated by diatoms and occasionally dinoflagellates, with a
productivity maximum of 2 to 3 mg/m3. There are also Trichodesmium blooms during the more
oligotrophic spring season (March to June).

Habitats and ecological communities
The South West Indian Slope Province has a complex geomorphology, including hard bottom features
such as canyons and escarpments. It is also a region with persistent current running perpendicular to
the slope. This would likely result in a rich and dense epifauna associated with these features,
particularly in the upper slope. Deep-water epi-benthic communities that may include crabs,
cephalopods, echinoderms and other suspension-feeding epi-benthic organisms including deep-water
corals (typically azooxanthellate) (Figure 5-15). These epi-benthic communities are likely to support
significant populations of bentho-pelagic fish.
The pelagic communities include schools of small neritic tuna and other pelagic such as oil sardine and
Indian mackerel. Large pelagic fishes, such as yellowfin tuna and oceanic sharks, also occur in the region.
These populations support local fisheries with catches of about one million tonnes per year, about half
of which is small pelagics, though there is some concern about over-capacity and depletion of some fish
populations.
The deeper reaches of the slope are reliant on falling detritus or particulate organic matter (detritus,
zooplankton faecal matter) for energy input. Much of the detrital energy is cycled through bacterial–
detrital food webs.

Key Species
Dolphin, turtle and whale sharks all occur in the region, with some turtle nesting beaches designated as
protected areas. Seabirds, sharks, rays and sea snakes are also considered under threat in the region.
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7.3.4 TRANS‐BOUNDARY LINKAGES
This province is a whale shark corridor from Central Indian Ocean to the Gujarat coast. Sea turtles,
dolphins and whales also migrate through this region. Tuna migrated from Maldives Province. Some
pelagics and shrimps migrate from and to the Gulf of Mannar Shelf and Slope provinces.
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Figure 7-13 Illustration of the South West Indian Slope Province.
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7.4 Gulf of Mannar Shelf Province

Figure 7-14 Gulf of Mannar Shelf Province (outlined in red).

7.4.1 PROVINCE BOUNDARIES
The Gulf of Mannar Shelf Province is a unique shelf environment as it lies between the Indian subcontinent and Sri Lanka and contains a high diversity of flora and fauna. The western coastal boundary
lies along the far south-eastern coastline of India which is characterised by outflows from many river
systems. The north-east boundary is at the southern edge of Adam’s Bridge, a chain of limestone shoals
between Tamil Nadu (India) and Mannar Island, off the northwest coast of Sri Lanka (Figure 7-14). The
south-east boundary is the Sri Lankan Shelf Province and is differentiated by its connection to terrestrial
inputs, productivity dynamics and the influence of different depth gradients. The southern boundary is
the 200 m isobath of the associated slope habitat.
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7.4.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The continental shelf in the Gulf of Mannar Shelf Province is ~20 km wide on the Indian side, however it
widens considerably towards the southern Indian coast. On the Sri Lankan side, the shelf is ~35 km
wide. The province is typically gently sloping to approximately 50 m depth, then slopes sharply in the
deeper realms. A unique collection of 21 conical, offshore islands are in the northern section of this
province, lying 2 to 10 km offshore and roughly parallel to the southeast coast of India along the 140 km
stretch of beach between Tuticorin and Rameswaram. The submarine plateau inshore has a scattering
of flat rocky patches lying between 10 to 23 m depth and at a distance of 11-16 km from the shore,
particularly in the region off Tuticorin. This area provides an ideal habitat for the pearl oysters.

Figure 7-15 Geomorphology of the Gulf of Mannar Shelf Province (outlined in red).
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Climate
The Gulf of Mannar Shelf Province is a humid region influenced by both the south-west and north-east
monsoons. Little rainfall is produced during the south-west monsoon, where as it is moderate to heavy
(76-127 cm/yr) during the north-east monsoon (October to mid-December), including frequent tropical
cyclones. The mean annual rainfall is approximately 691.6 mm (Muthukrishnan et al. 2013). The hottest
period is from January to May with a peak average temperature of 32° C (Kumaraguru et al. 2006). The
coldest month is December with temperature dropping to a minimum of 25° C (Angusamy 1995). In the
shallow regions, inshore of the Gulf of Mannar, the water temperature may exceed the atmospheric
temperature during summer.
Strong winds (about 6 m/s) in the Gulf of Mannar are caused by channelling of the winds as it moves
through the narrow passage between the elevated landmass of southern India and Sri Lanka (Luis and
Kawamura 2004).
Salinity in this province ranges from 31.7 to 35.1 ppt (Kumaraguru et al. 2006). It is highest during the
south-west monsoon as Arabian Sea waters enter the system; followed by the spring intermonsoon and
the north-east monsoon when high rainfall lowers the salinity (Jagadeesan et al. 2013).

Oceanography
Due to the location of the Gulf of Mannar Shelf Province between India and Sri Lanka, there is reduced
influence of most of the large scale oceanic currents compared to more open shelf provinces. In
addition to this, Adam’s Bridge acts as a barrier, restricting the passage of water between the Gulf of
Mannar and Palk Bay to the north-east. The exchange of water (as well as heat, salt, nutrients, etc)
between the two systems is driven by sea level differences, tides (semidiurnal, 1 m micro tides) and
winds, rather than oceanic currents.
During the north-east monsoon, the East Indian Coastal Current has little substantial impact on the Gulf
of Mannar Shelf Province waters as Adam’s Bridge restricts the intrusion of water from Palk Bay Shelf
Province (Jagadeesan et al. 2013). However, during the south-west monsoon, Arabian Sea waters enter
into the Gulf of Mannar and due to the strength of these currents, water is forced into Palk Bay Shelf
Province. As these highly saline waters run along the coastline, seasonal upwelling occurs (Jagadeesan
et al. 2013).
The tides in the Gulf of Mannar and those in Palk Bay are very different. There is almost a twelve-hour
difference in the tides, although they are in close proximity. Because of this, there are substantial
differences in the water levels on either side of Adam’s Bridge, driving strong currents through the gaps
between the islands (Miththapala 2012). These currents change direction as the tide changes.
Within the Gulf of Mannar Shelf Province, wind driven flows during the monsoon periods have been
recorded up to 0.8 m/s (Anon. 2005). During inter-monsoon periods, with low wind speed (Oct and FebApril) the flow is tidally driven, with maximum velocities during spring of 0.5-0.6 m/s. At very strong
wind speeds (12-14 m/s) tidal flow velocities may reach 1.2 m/s. These seasonal winds drive surface
circulation.
The province is rich with nutrients including nitrate, nitrite, ammonium, and phosphate (Jayasiri and
Priyadarshani 2007) due to seasonal upwelling and reversal of winds causing surface mixing.
There is limited freshwater input from rivers flowing into the Gulf of Mannar Shelf Province
(Kumaraguru et al. 2006). The only perennial river is the Thamiraparani. However, due to dams
constructed along its length it provides minimal riverine input to the system. There are other minor
rivers, which bring in small quantities of freshwater during the north-east monsoon season only.
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7.4.3 ECOLOGICAL ASSETS
Productivity Features
Productivity in the Gulf of Mannar Shelf Province is moderately high as a result of the oceanographic
features mentioned above, with chlorophyll peaking at a maximum of 2 mg/m3after the south-west
monsoon. At this time the productivity is closely connected to the path of the South-west Monsoon
Current (Vinayachandran et al. 2004) as water is forced in an eastward direction. It is enhanced in the
lee of offshore islands and seamounts due to von Karman vortices mixing the water. As a result, high
biodiversity is found adjacent to these island and seamounts habitats.

Habitats and Ecological Communities
Coral reefs in the Gulf of Mannar Shelf Province are found along the coastline of India, Adam’s Bridge
and the Sri Lankan coastline (Figure 7-16). They exist around all 21 islands in the Gulf of Mannar Marine
Biosphere Reserve. Associated with these reefs there are 135 species of coral. The most common
varieties are Acropora, Montipora and Porites (Kumaraguru et al. 2006). Five species of sea cucumber,
five species of seahorse and numerous varieties of parrot fish, butterfly fish and other ornamental fishes
are associated with these reefs. Reef fish such as Acanthurids, Nemipterids, Balistids, Labrids and
Chaetodontids spawn in the coral reefs (Kumaraguru et al. 2006). These fish, other reef fish,
echinoderms and several other invertebrates and vertebrates rely on this habitat for survival.
Mangroves are fairly unevenly distributed along the coastline of this province (Figure 7-16). On the
Indian mainland, the distribution of mangroves is limited because of the lack of riverine input into the
system (Kumaraguru et al. 2006). Mangroves are also found on Keelakarai, Vembar and Tuticorin island
groups off the Indian coast. On the Sri Lankan coastline mangrove density is much higher, particularly
around Puttalam Lagoon. Varieties of mangroves in this province include Rhizopora, Avicennia,
Bruguiera, Ceriops and Lumnitzera. These mangrove areas provide breeding grounds for many fish and
invertebrate species, including commercially important species.
Fifteen species of seagrass are found in this area, primarily distributed on the east coast of India, along
Adam’s Bridge, along and south of Mannar Island and in Puttalam Lagoon (Figure 7-16). The seagrass
beds in the Gulf of Mannar Shelf Province are extremely important as they are highly productive and are
the sole food source of the vulnerable dugong. In addition to dugongs, turtles and juvenile fish and
shrimps rely on the seagrass beds for survival.
Other important habitats in this province included the algal (seaweed) and pearl oyster beds. Algal
production is high in the Mandapam and Keelakkarai areas (Kumaraguru et al. 2006). Ulva reticulata,
Halimeda opuntia and Caulerpa recimosa, Sargassum sp., Turbinaria sp., Gelidiella acerosa, Padina sp.
and Gracilaria sp., are common species in this province. Some of these are used in the production of
agar, cellulose and algin. The algal beds provide important shelter for fish and invertebrate eggs and
larvae. More than 80 pearl oyster beds occur in the Gulf of Mannar Shelf Province, primarily in the
region between Tuticorin and Kanyakumari.
Due to the moderately high productivity and unique combination of habitats, this province contains a
high diversity of species groups. Small pelagic species include sardine, Indian mackerel, anchovy,
pomfret and mullet. Silver bellies, carangids, sciaenids, rays and perch are common demersal species.
Polychaetes, molluscs, crustaceans and urochordates have been described in the shelf benthic
communities.
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Table 7-3 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Gulf of Mannar Shelf Province.
HABITAT

GULF OF MANNAR SHELF PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

168.5

0.93

Mangrove

15.6

0.09

Seagrass

2519.1

13.95

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-16 Distribution of seagrass, mangrove and coral cover within the Gulf of Mannar Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Key Species
Of the 3600 species of flora and fauna that have been identified in the Gulf of Mannar region (i.e. both
the shelf and slope provinces) 186 species are commercially exploited, 116 are vulnerable and 7 are
endangered (ICMAM 2001). Pelagic fisheries in the gulf include coastal tunas, sardines, Indian mackerel,
anchovies, carangids, seer fish, pomfrets, cephalopods, crabs and lobsters. Rays, perch, silver bellies,
mullets, carangids, pomfrets, cephalopods, shrimps, crabs, lobsters and gastropods are demersal
fisheries. Benthic fisheries include pearl oysters and the sacred chank.
Threatened or protected species that occur in the Gulf of Mannar include dugong, 5 species of turtles, 5
species of shark (including whale shark), and a variety of whales, dolphins, sea birds, seahorses, sea
cucumbers, corals and gorgonids. There is a high endemism of species in this area. Fifty-two (out of 135)
species of coral, 28 (out of 77) species of medusa, 7 (out of 23) species of soft corals, 7 (out of 23)
species of sea fans, 32 (out of 836) species of molluscs, 31 species of sponges, two species of
foraminiferans, one species of balanoglossus (Ptychodera fava) and a number of ascidians, seagrasses
and polychaetes are endemic to the Gulf of Mannar.

7.4.4 TRANS‐BOUNDARY LINKAGES
Many species within this province migrate between India and Sri Lanka, and also between the
neighbouring provinces (Gulf of Mannar Slope, Palk Bay Shelf and South West Indian Shelf). Whale
sharks migrate from the central Indian Ocean through this province as they move northward. Five
species of sea turtles also migrate through this province. Dolphins, whales, sea birds, fish (including
oceanic tuna) and invertebrates also migrate to and from neighbouring provinces. Dugongs move
between this province and Palk Bay Shelf Province. Many fish species, including some of those in the
pelagic fishery, move between the Gulf of Mannar Shelf and Slope provinces.
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Figure 7-17 Illustration of the Gulf of Mannar Shelf Province.
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7.5 Gulf of Mannar Slope Province

Figure 7-18 Gulf of Mannar Slope Province (outlined in red).

7.5.1 PROVINCE BOUNDARIES
The Gulf of Mannar Slope Province comprises the continental slope region of the Gulf of Mannar. The
western boundary is shared with South West Indian Slope Province and the south-eastern boundary is
shared with Sri Lankan Slope Province. Both these boundaries have the same justifications for the
delineation as the Gulf of Mannar Shelf Province. The northern boundary is the Gulf of Mannar Shelf
Province which rises from 200 m depths. To the south is the southern boundary of the BOBLME (Figure
7-18).
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7.5.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The continental slope of this province is between 200 m to 2000 m and 60 km at its widest point. The
deepest waters are in the eastern region of the province. The change in width is the opposite of the Gulf
of Mannar Shelf Province; narrowest on the western side and substantially wider on the eastern side.
Six major canyons occur in this province and the western half is characterised by steep escarpment
habitats that run along the boundary of the shelf and slope (Figure 7-19). One terrace feature is also
present in this province.

Figure 7-19 Geomorphology of the Gulf of Mannar Slope Province (outlined in red).

An Ecosystem Characterisation of the Bay of Bengal: Final Report | 95

Climate
The climate in this province is dominated by the prevailing south-west and north-east monsoons. These
and other climate features are very similar to those of the adjacent Gulf of Mannar Shelf Province and
are described in Section 7.4.2.

Oceanography
The oceanography of this province has similar broad scale ocean current influences to the adjacent Gulf
of Mannar Shelf Province, with influences from the South-west Monsoon Current during the south-west
monsoon and mixing throughout other times of the year, as described in Section 7.4.2. The north-east
portion of this province may be a site of enhance deep ocean waves focussed to the head of the Gulf of
Mannar.

7.5.3 ECOLOGICAL ASSETS
Productivity Features
The major productivity features of this province is the upwelling described in Section 7.4.2. Chlorophyll
concentrations appear to peak after the south-west monsoon to ~2 mg/m3. However, primary
production (indicated by amount of chlorophyll present) in other months may be high but diffused by
strong mixing in the Gulf of Mannar (Section 7.4.2). Apparent low chlorophyll concentration does not
necessarily imply low production averaged across the water masses of the province for a given time
period. Satellite images show apparent high chlorophyll concentration during June at the start of the
south-west monsoon when mixing may be less intense.

Habitats and Ecological Communities
Detritus or particulate organic matter falls to the sea floor providing food to a range of suspension and
detritus feeders in the deeper habitats of the slope. Much of the detrital energy is cycled through
bacterial–detrital food webs. There is likely to be a sparse distribution of mobile epi-benthic species
including echinoderms, crabs, molluscs and polychaetes. The canyons and escarpments in the province
provide harder seabed surfaces, and as a result, may contain resident deep epi-benthic communities
including suspension-feeding epi-benthic organisms such as gorgonians, corals and bryozoans, and a
community of associated demersal fish and invertebrates (e.g. crabs, cephalopods). These will be more
abundant where upwelling occurs and/or current strengths are higher (e.g. canyon heads). Much of the
benthic biomass will likely be made up of infauna (meiofauna and microfauna) including filter feeders
and detritivores.
These epi-benthic communities may support a sparse population of bentho-pelagic fish, such as
ribbonfish and cephalopods (e.g. squid). Small, bioluminescent species also occur that may vertically
migrate. These organisms are typically present in low abundances and are patchily distributed.
Relatively abundant communities of deep-water meiofauna (e.g. bacteria, polychaetes, foraminifera),
infauna (e.g. nematodes, polychaetes) and epifauna (e.g. echinoderms, gastropods) are likely to occur
where sediments accumulate (e.g. slope and canyon beds). Although, little is known of these
communities in this region, it is likely that some characteristic deep-water macrofauna will be relatively
abundant in this province. Each of these communities will differ depending on depth.
The pelagic communities include schools of small neritic tuna and other pelagics such as sardine and
Indian mackerel. Large pelagics, such as oceanic tuna, swordfish, sail fish, barracuda, sharks, dolphins
and whales, also occur in this province.
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Key species
The key species in this province mostly occur in the pelagic realm, and as the shelf and slope provinces
are spatially closely connected, these species are very similar. The range of fished species (small and
large pelagic) are largely the same and most of the threatened, endangered and protected species are
also similar (e.g. whales, dolphins, turtles and sharks) (Section 7.4.2). Key species are more difficult to
define in the deeper waters that are unique to this province.

7.5.4 TRANS‐BOUNDARY LINKAGES
As with the Gulf of Mannar Shelf Province trans-boundary linkages are important here given the
significant number of fished species and the proximity of the Sri Lankan and Indian shared borders.
Whale sharks, turtles, dolphins and fish (including oceanic tuna) migrate through the Gulf of Mannar
Slope province from neighbouring provinces and the Indian Ocean.
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Figure 7-20 Illustration of the Gulf of Mannar Slope Province.
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7.6 Sri Lankan Shelf Province

Figure 7-21 Sri Lankan Shelf Province (outlined in red).

7.6.1 PROVINCE BOUNDARIES
The Sri Lankan Shelf Province comprises the shelf waters (coastline to 200 m depth) encompassing most
of Sri Lanka (Figure 7-21). However, in the north-west of Sri Lanka, the shelf environment is segregated
into the Palk Bay Province and the Gulf of Mannar Shelf Province (Figure 6-6). The Palk Bay Shelf
Province is a unique shallow sandy environment with a high proportion of basin habitats, substantial
terrestrial and freshwater input from the Indian mainland and unique ecological communities (Section
7.8 – Palk Bay).
To the south of Palk Bay and forming the north-western boundary of the Sri Lankan Shelf Province is the
eastern extent of the Gulf of Mannar Shelf Province. This is a deeper shelf separated from Palk Bay by a
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chain of low islands and reef shoals known as Adams’s bridge or the Bridge of Rama. It forms the northeastern boundary of the Sri Lankan Shelf Province and is differentiated by its connection to terrestrial
inputs, productivity dynamics and the influence of steeper depth gradient (Section 7.4 – Gulf of Mannar
Shelf). The very north-eastern boundary of the province butts against the Coromandel Shelf Province.
This boundary is based on the influences of major physical drivers including the various sources of
terrestrial input, the influence of different current systems and substantial differences in productivity
dynamics.
The Sri Lankan Shelf Province is bounded on its deepest margin by the Sri Lankan Slope Province, a
steeply grading continental slope habitat surrounding most of Sri Lanka.

7.6.2 BIOPHYSICAL DRIVERS

Figure 7-22 Geomorphology of the Sri Lankan Shelf Province (outlined in red).

100 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

Bathymetry and geomorphology
The Sri Lankan Shelf Province is a relatively narrow shelf, with a sandy bottom throughout most of its
extent. The shelf is relatively shallow (to ~ 22 m; Gunatilaka, 2010) for most of its extent until it
approaches the shelf edge (Figure 7-23). Near the shelf edge it descends steeply onto the shelf slope
and into the abyss. This shelf province is also relatively narrow through most of its extent; narrowest on
southern end (near Matara) where it is less than 10 km wide and widest in the north-east adjacent to
the entrance to Palk Bay where it is over 60 km wide.
Other major geomorphological features within the Sri Lankan Shelf Province include a series of small
depressions or basins (Harris et al. 2014), mainly along the southern end (Figure 7-22). The steepness of
the slope has resulted in other areas where the seabed has slumped down the shelf onto the slope
(Figure 7-24). These have been noted particularly off the south-east coast. These areas allow deep
water to come into more intimate contact with shelf waters which is likely to enhance upwellings in
these regions.

Figure 7-23 Bathymetry of Sri Lankan shelf and Sri Lankan slope waters (from de Vos et al. 2014).
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Figure 7-24 An example of slumping off the shelf of the south-east coast of Sri Lanka. Image exported from
Google Earth.

Climate
The dominant climate patterns in this province are the seasonal, reversing monsoons. During the
summer south-west monsoon (peaking May – September) south-west winds bring warm, moist air into
the region from the Indian Ocean (Section 4.2). This reverses in winter during the north-east monsoon
(peaking December–February) when north-west winds from the Asian continent bring moist air picked
up during their transit across the Bay of Bengal. This results in a less intense but longer wet season,
although it shows high annual and inter-annual variation (Reddy et al. 1992). There are two intermonsoonal periods from March to April and October to November.
These weather patterns are less contrasting closer to the equator (as in this province) than in the
provinces further north. Here we also see typical equatorial weather patterns, including more consistent
climate year round and a decreased frequency in cyclonic activity compared to the Bay of Bengal
provinces further north.

Oceanography
The oceanography in this region is dominated by a reversing current system in response to the changing
monsoonal wind fields. Several current systems dominate: the East India Coastal Current (EICC), the
North Monsoon Current (NMC), and the South Monsoon Current (SMC), although the West Indian
Coastal Current (WICC) and Sri Lankan Dome (SLD) also have important local influence (Figure 7-3). Sri
Lankan coastal waters are at the confluence of the southern Arabian Sea and Bay of Bengal surface
waters. They are also at the tip of the Indian and Sri Lankan landmass and current flows wrap around
this region to have a relatively substantial influence on this shallow coastal province. The SMC flows at
up to 11.5 Sv and the westward flowing NMC at up to 9.5 Sv.
During the winter north-east monsoon, the EICC wraps around the Sri Lankan coastline and flows
westward, joining the NMC and WICC. This reverses during the summer south-west monsoon when the
SMC and WICC flow from west to east, forcing a reversal in the EICC and driving the development of the
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SLD. The SLD results from the interaction between these easterly flowing currents (mainly the SMC) and
the island of Sri Lanka, creating a local anti-clockwise circulation to the east of Sri Lanka. On the western
coast, the SMC and WICC are deflected southward as they run into Sri Lanka. Consequently, southerly
flowing coastal currents dominate on both eastern and western sides of the Sri Lankan Shelf Province
throughout the year (Figure 7-3).
Salinity in the Sri Lankan Shelf region is high compared to many other regions in the Bay of Bengal
(Levitus et al. 1994). Salinity in the Bay of Bengal is generally about 33 PSU in surface waters, and higher
in the Arabian Sea (up to 36.5 PSU) due to high evaporation and negligible freshwater input. The
influence of the WICC in summer brings relatively high salinities to this region, especially during the
summer south-west monsoon.
The seasonal sea-level variability around Sri Lankan waters is around 0.2 to 0.3 m with maxima during
June through the action of the south-west monsoon (Wijeratne et al. 2008). This is less than half of the
range found further north in the Bay of Bengal. The tides around the Island are mixed semi-diurnal with
a maximum spring tidal range of 0.70 m.

7.6.3 ECOLOGICAL ASSETS
Productivity Features
This province is a major upwelling region during both monsoon periods. This is due to flow convergence
and divergence associated with offshore water transport. During the south-west monsoon, in particular,
high surface chlorophyll concentrations are seen as a result of coastal upwelling driven by the SMC. This
current flows eastward along the south of Sri Lanka and Ekman transport-driven advection of deeper,
nutrient-rich water into the surface waters and photic zone. South-west monsoonal winds also provide
a physical mechanism for mixing surface water. Similar advection and upwelling occurs along the west
coast of the Sri Lankan Shelf province during this monsoon period. East of Sri Lanka, open-ocean
upwelling associated with the SLD is also an important process for surface water productivity in this
region. This upwelled water has a temperature in the range of 24 to 25 oC and originates from a depth
of about 100 m.
As a result of these processes, upwelling-induced chlorophyll-a concentrations are at a maximum near
the southern tip of Sri Lanka at about 40 to 50 m depth (thermocline depth is ~80–100 m) and for a
water temperature <28 oC, particularly in summer during the south-west monsoon. This high
productivity influences the waters around Sri Lanka and further into the Bay of Bengal as the SMC
transports this water eastward.
The location of the flow convergence and hence the upwelling centre is dependent on the relative
strengths of wind-driven flow along the east and west coasts: during the south-west (north-east)
monsoon the flow along the western (eastern) coast was stronger and hence the upwelling centre was
shifted to the east (west).

Habitats and Ecological Communities
The Sri Lankan Shelf Province has moderate coverage of coral, mangrove and seagrass (Figure 7-25).
Coral reef habitats can be found in several areas within the Sri Lankan Shelf Province (Figure 7-25).
These are highly diverse, including more than 200 species of hard coral (>70 genera) and more than 300
species of fish (>60 families).
Mangrove forests are found along much of the coastline of this shelf and comprise more than 20
species. The most abundant genera are Avicennia, Rhizophora, Bruguiera and Sonneratia. These
habitats support a wide variety of crab, shrimp, fish and other coastal species and including juvenile
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Table 7-4 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Sri Lankan Shelf Province.
HABITAT
2

AREA (KM )

SRI LANKAN SHELF PROVINCE
PERCENT COVER

Coral

18.5

0.08

Mangrove

95.1

0.42

Seagrass

1840.7

8.08

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-25 Distribution of seagrass, mangrove and coral cover within the Sri Lankan Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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life-history stages for many of these. The mangrove habitat also supports iconic reptiles: the water
monitor (Varanus salvator) and two species of crocodile.
Seagrass coverage is relatively high compared to other BOB shelf areas and supports a rich community
of fish and invertebrates, including juveniles of some commercially important fisheries.
The high levels of pelagic productivity in the waters surrounding Sri Lanka support abundant pelagic
communities and fisheries. Sardine and herring-like species are most abundant in more coastal surface
waters (<50 m). Medium-sized pelagics such as Indian mackerel (Rastrelliger kanagurta), smaller
Spanish mackerel (Scomberomorus commerson) and small coastal tuna (e.g. kawakawa –Euthynnis
affinis, bullet tuna – Auxis rochei and frigate tuna – Auxis thazard) are also distributed most abundantly
in shelf areas, but use the full extent of the epipelagic surface waters.
The larger pelagic species are also abundant in these pelagic waters and use both the epipelagic and
mesopelagic depth zones. These include oceanic tuna (skipjack, yellowfin and bigeye), some neritic
tuna, billfish (Indo-Pacific blue marlin – Makaira mazara, Black Marlin – Makaira indica, striped marlin –
Tetrapturus audax, Indo-Pacific sailfish – Istiophorus platypterus and swordfish – Xiphias gladius) and a
range of shark species.
Demersal and benthic communities also benefit from these highly productive waters. Higher
phytoplankton and zooplankton abundances support sessile invertebrate communities and small fish
species. A wide range of omnivorous and predatory species benefit from the species richness and
abundance of these lower food web communities. This shelf province supports many species of shrimp,
crab, gastropod, lobster and large fish. The zone of highest abundance for demersal populations is the
30 m to 60 m depth range. Fish found here include species of grouper, snapper and emperor and are
abundant to depths of about 80 m. Other species groups commonly found at these depths include
threadfin bream (nemipterids) and larger demersals (e.g. serranids, lutjanids and lethrinids).

Key Species
Over 100 species have been landed by the fishing vessels which operated on the Sri Lankan shelf in
2013. These are dominated by pelagic species, some of which are mentioned above. The estimated
fished biomass in this shelf region is ~5.1 tonnes/km2/yr (Haputhantri et al. 2008). Peak fishing season is
September to November, soon after the peak time for primary productivity during the south-west
monsoon.
Small pelagic species are also targeted by fisheries in this region. The most abundantly caught include
Amblygaster sirm (22% of the small pelagic fish catch), Sardinella gibbosa (11.6%), Sardinella albella,
(9.7%), Rastrelliger kanagurta, (7.86%) and Hilsa kelee (6.4%).
Other species of fish caught by fishing operations or abundant within the bycatch in this region include
the sea catfish (Arius bilineatus), needlefish (Strongylura leiura), pomfret (Parastromateus niger), torp
(Megalaspis cordyla), bigeye scad (Selar crumenophthalmus), yellowstripe (Selaroides leptolepis),
carangids (Carangoides malabaricus and Decapterus russelli), milk fish (Chanos chanos), wolf-herring
(Chirocentrus dorab and Chirocentrus nudus), sardine (Sardinella longiceps, S. sindensis), herring
(Amblygaster clupeoids), anchovy (Stolephorus heterolobus, S insularis, S. indicus), other clupeids
(Escualosa thoracata, Dussumieria acuta, Herklotsichthys quadrimaculatus, Nematalosa nasus,
Opisthopterus tradoore and Pellona ditchela), dolphinfish (Coryphaena hippurus), Thryssa baelama, T.
setirostris, flying fish (Hirundichthys coromandelensis, Cheilopogon suttoni, H. oxycephalus), halfbeak
(Rhynchorhamphus malabaricus, Hemiramphus far), false trevally (Lactarius lactarius), ponyfish (Gazza
minuta, Leiognathus splendens, L. equulus, L.bervirostris), mugilids (Mugil cephalus, Liza melinoptera),
terapontids (Terapon jarbua, T. theraps), ribbonfish (Lepturacanthus savala), drum (Otolithes ruber),
large tuna and kingfish (Thunnus albacares, T. obesus, Scomberomorus commerson, Acanthocybium
solandri), sole (Euryglossa orientalis), large barracuda (Sphyraena jello) and small barracuda (Sphyraena
obtusata).
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Other invertebrates caught by fishing operations in this region include shrimps (e.g. Penaeus indicus,
Metapenaeus dobsoni), crabs (Scylla serrata, Portunus pelagicus) and cephalopods (Loligo singhalensis,
Sepioteuthis lessoniana).
The presence of upwelling along the south coast during both monsoon periods and the close proximity
of deep water probably also explain the presence of blue whale (Balaenoptera musculus) aggregations
in this region (de Vos et al. 2013) as well as whale sharks (Rhincodon typus).
Other threatened, endangered, or protected marine species found in this region include five species of
sea turtle (green, olive ridley, hawksbill, loggerhead and leatherback) and a range of elasmobranchs
including thresher sharks and manta rays.

7.6.4 TRANS‐BOUNDARY LINKAGES
A range of large pelagics, including large tuna, billfish and shark species migrate widely between the
shelf, slope and open ocean provinces and across governance boundaries. Smaller species also migrate
along coastal regions across province and country boundaries, including Indian mackerel, Spanish
mackerel and Indian scad. Herring and sardine are also thought to migrate between India and Sri Lanka.
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Figure 7-26 Illustration of the Sri Lankan Shelf Province (eastern side).

An Ecosystem Characterisation of the Bay of Bengal: Final Report | 107

7.7 Sri Lankan Slope Province

Figure 7-27 Sri Lankan Slope Province (outlined in red).

7.7.1 PROVINCE BOUNDARIES
The Sri Lankan Slope Province encompasses the Sri Lankan Shelf Province and hence uses some of the
same justification for the boundaries. Throughout most of its extent it is a narrow and steep sloping
province. The north-western boundary butts against the Gulf of Mannar Slope Province where the slope
widens substantially, the gradient decreases and the influence of the Indian continent increases. The
deeper extent of the slope joins the Bay of Bengal Abyss Province to the east, the abyssal ocean within
the Laccadive Sea to the west and the deep abyssal Indian Ocean environment to the south.
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7.7.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The Sri Lankan Slope Province is narrow and steep, one of the steepest recorded globally. It changes
from the 200 m depth contour to 2000 m within a very short distance (10 – 20 km). Most of the area
within this slope province is escarpment (Figure 7-28). Canyons and some ‘slope’ features of lesser
gradient are other major geomorphological habitat types. Both are relatively abundant in the west and
south compared to the eastern edge of the province.
The escarpments are steep environments with few areas where particles can accumulate, and hence
will have areas of hard substrate. Canyons usually comprise some vertical structure and hence, areas
where sediment and particulate organic matter can accumulate. The slope areas are also depositional
environments. Slumping can occur where sediments and particulate organic matter have accumulated
on steep gradients. There is at least one area of slumped sediment around the Sri Lankan shelf and
slope (Figure 7-24). These features appear as a concave surface that extends from ~100 to 4000 m in
depth.

Figure 7-28 Geomorphology of the Sri Lankan Slope Province (outlined in red).
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Climate
The climate in this province is dominated by the prevailing south-west and north-east monsoons. At this
latitude the influence of equatorial climate patterns is also substantial. These and other climate features
are very similar to those of the adjacent shelf province and described in Section 7.6.2.

Oceanography
The broadscale oceanography of this province is very similar to that of the adjacent Sri Lankan Shelf
Province, with strong influences from several currents through the year (the East India Coastal Current,
the North Monsoon Current, the South Monsoon Current, the West Indian Coastal Current and Sri
Lankan Dome). These result in relatively high levels of upwelling along the southern section of the slope
environment in particular, as described in Section 7.6.2.

7.7.3 ECOLOGICAL ASSETS
Productivity Features
The major productivity feature of this province is the upwelling region described in Section 7.6.2. This
drives high primary productivity in the surface waters in particular and productive pelagic food webs
especially during and following the south-west monsoon.
This productivity has flow-on effects into the deeper waters due to higher levels of particulate organic
matter falling through the water column and ultimately onto the benthic habitats of the slope.

Habitats and Ecological Communities
The communities in the pelagic realm of this province are very similar to those described in the Sri
Lankan Shelf Province (Section 7.6.3) with relatively high abundances of plankton, micro-nektonic, small
and large pelagic communities. Although pelagic fish species are found both in the Sri Lanka Shelf and
Slope provinces, there is a clear difference in the presence of them between the two provinces. For
example, small pelagic species are mostly found within the shelf province whereas the large pelagic fish
(oceanic tuna species) mostly occur on the slope than the shelf. The preferred depth range for most
small pelagic fish is below 70-80 m.
Benthic habitats vary depending on their orientation to upwelling and their substrate type. The harder
substrates found on escarpment and canyon habitats are likely to support sessile benthic invertebrates
and a community of associated demersal fish and invertebrates. These will be more abundant where
upwelling occurs and/or current strengths are higher (e.g. heads of canyons).
Where sediments have accumulated (slope and canyon beds), relatively abundant communities of deepwater meiofauna (bacteria, polychaetes, forams), infauna (e.g. bivalves, annelids) and epifauna (e.g.
echinoderms, shrimps, crabs) are likely to occur. However, little is known of these communities in this
region. Some characteristic deep-water macrofauna are also likely to be relatively abundant in this
province. Each of these communities will differ depending on depth.
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Key Species
The key species in this province mostly occur in the pelagic realm, and as the shelf and slope provinces
are spatially closely connected, these species are very similar. The range of fished species (small and
large pelagic) overlap, and most of the threatened, endangered and protected species are also similar
(e.g. whales, dolphins, turtles and sharks) (Section 7.6.2). Key species that are unique to this province
are more difficult to define in the deeper waters, mainly due to a lack of information.

7.7.4 TRANS‐BOUNDARY LINKAGES
As with the Sri Lankan Shelf trans-boundary, linkages are important here given the significant number of
fished species and the proximity of the Sri Lankan and Indian shared borders. These include a number of
small and large pelagics, such as species of herring, sardine, Indian mackerel, Spanish mackerel, Indian
scad, large tuna, billfish and shark, which migrate widely between shelf, slope and open-ocean
provinces and across governance boundaries.
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Figure 7-29 Illustrations of the Sri Lankan Slope Province (eastern side).
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7.8 Palk Bay Shelf Province

Figure 7-30 Palk Bay Shelf Province (outlined in red).

7.8.1 PROVINCE BOUNDARIES
Palk Bay Shelf Province is made up of Palk Bay and Palk Strait (together known as Sethusamudram)
which are features of the isthmus that connects India to Sri Lanka. It is a unique feature of the BOBLME
region. It extends from Mannar in northwest Sri Lanka to Point Calimere in the north, a distance of
approximately 280 km.
On the southern side it is separated from the Gulf of Mannar shelf by the 30 km long Adam's Bridge
(also known as Rama's Bridge or Rama Setu), which is a chain of limestone shoals between the southeastern coast of Tamil Nadu, India, and the north-western coast of Sri Lanka. These geomorphic features
restrict water movements and help create a unique range of ecosystems within the bay.
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7.8.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The Palk Bay Shelf Province is a shallow, semi-enclosed basin with an average depth of 5 m (Jagadeesan
et al. 2013), and is generally less than 10 m. The Adam’s Bridge, which forms the southern boundary, is
a very shallow region and many of the sandbanks that make up the bridge dry at low tide. The bridge
was reportedly completely above sea level until it broke in a cyclone in AD 1480 (Garg 1992). This forms
a barrier to water exchange in the southern part of the province between Palk Bay and the Gulf of
Mannar. Even so it does provide some water exchange between the Arabian Sea and Bay of Bengal
near-surface waters, especially during the south-west monsoon (Jagadeesan et al. 2013).
There are extensive semi-enclosed lagoons on the eastern side that provide diverse and complex
terrestrial interactions with varying salinity and temperature due to seasonal river inputs.
The sediments of the province are mostly sandy with fine silt in places, but with very little hard bottom
substrate present.

Figure 7-31 Geomorphology of the Palk Bay Shelf Province (outlined in red).
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Climate
The Palk Bay Shelf Province is influenced by both the south-west and north-east monsoons. Little
rainfall is produced during the south-west monsoon where as it is moderate to heavy (76-120 cm/yr)
during the north-east monsoon in October to mid-December, with occasional tropical cyclones that
transverse the region (Neelakantan, 1998). The hottest period is from January to May whereas the
coldest month is December with temperature dropping to a minimum of 25° C (Angusamy 1995).

Oceanography
Palk Bay Shelf Province is semi-enclosed and thus is dominated by internal process such as winds and
tides. However, it is influenced by the East India Coastal Current (EICC) and its seasonal direction
reversals via the more open northern channel. The Adam’s Bridge is a barrier along the southern
province border and limits water exchange with the Gulf of Mannar and Arabian Sea.
During the south-west monsoon, strong winds blow water from the Gulf of Mannar into Palk Bay,
sending a limited quantity of warmer, more salty water of the Arabian Sea into Palk Bay (Rao et al. 2011;
Jagadeesan et al. 2013). However, during the north-east monsoon, cool, less salty water is driven into
Palk Strait from the Bay of Bengal (Rao et al. 2011). Long-term (monthly or seasonal) variations in sea
level are the primary drivers for the net flux of water (volume flux) through the Palk Bay Province.
However, because the straits are shallow, strong friction will limit mean velocities and mean fluxes
through the strait (i.e. Björk et al. 2000).
The waters of Palk Bay have more characteristics in common with the Bay of Bengal (e.g. lower salinity
and higher turbidity) than the Arabian Sea, mainly due to the restricted flow in the southern barriers,
the more open northeast channel and moderate riverine input. The Vaigai River, originating in the
Western Ghats of India, drains into the Palk Strait. On the Sri Lankan side, the Nay Aru and Parangi Aru
Rivers also drain into Palk Bay.
Wind stress causes vertical mixing throughout the province and results in sediment resuspension. The
tidal range is low (0.5–0.8 m), however the sea level heights can be out of phase across short distances
(e.g. over the Adam’s Bridge with the Gulf of Mannar) resulting in significant tidal currents. The tides in
the Gulf of Mannar and the tides in Palk Bay are very different. The tides in this region are semidiurnal
but there is almost a twelve-hour difference in the tides on either side of Adam’s Bridge! Because of
this, there are substantial differences in the water levels on either side of Adam’s Bridge, driving strong
currents through the gaps between the islands. These currents change direction as the tide changes.
The average spring tidal range in Palk Bay is about 0.64 m and the neap tidal range is about 0.16 m
(Ramesh 2004).
These tidal currents, together with wind driven currents, can drive instantaneous flows in either
directions in shallow areas, and result in a well mixed water column. Large sediment plumes are
observed in the bay throughout the year and the bay is under high suspended sediment concentration
throughout the year (Rajawat et al. 2005; Figure 7-32). Salinity profiles have shown that there is no
vertical stratification due to the regions shallowness and wind mixing by the north-east monsoon.
Salinity varies from 29.5–31.0 PSU.

7.8.3 ECOLOGICAL ASSETS
Productivity Features
The Palk Bay Shelf Province has a high productivity, driven mostly by warm temperatures and high
nutrient inputs from rivers and resuspension. Productivity peaks two times each year, during the
summer and winter monsoons, with small inter-seasonal variations.
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The phytoplankton community in the region, although productive, is dominated by autotrophic
prokaryotes (cyanobacteria) with high photopigment indices indicative of environmental stress,
including warm surface waters during the south-west monsoon and increased water column turbidity
during the north-east monsoon (Madhu et al., 2014).

Habitats and Ecological Communities
The area contains a relatively high proportion of unique and sensitive habitats, biotopes or species that
are functionally fragile.
As mentioned, the phytoplankton community in the region is dominated by autotrophic prokaryotes
(cyanobacteria), and is indicative of higher environmental stresses (Madhu et al. 2014). The
zooplankton, particularly copepods are coastal species.
There are only limited patches of coral reefs in the province (Figure 7-33), mostly in the eastern extent.
There are 65 species of corals known for the region, however less than the neighbouring Gulf of
Mannar. The shoreward side of the reef slope is inhabited mainly by a community of massive corals
composing of Favia pallida, Favites virens, Goniastrea pectinata, G. retiformis, Platygyna lamellina,
Hydrophora sp., Cyphastrea sp., Leptastrea sp., Symphillia sp., Goniopora sp., Galaxea fascicularis,
Turbinaria peltala, Pavona varians and Ponies sp. Encrusting corals and sponges, bryozoans and
calcareous algae are common on the shoreward side of the reef including species of fleshy corals of
Lobophylum sp and Sarcophylum sp. As the much of the reef crest is exposed during low tide – except
for the occasional occurrence of Heptastrea transversa and Goniopora duofaciata – other species of
corals are rare at the crest. The coral growth on the seaward side is richer than on the shoreward side.
Majority of corals are ramose genera viz., Pocillopora sp., Acropora sp. and Montipora sp. The
vegetation comprises of Turbinaria sp., Sargassum sp., Padina sp., Caulerpa sp. and rarely Cymodocea
sp. Halimeda sp. and a few other encrusting calcareous algae are commonly seen.

Figure 7-32 Suspended sediment concentration maps covering the southern coast of Kerala and Tamilnadu
during pre-monsoon (12 April 2000), post-monsoon (14 November and 21 January 2000) and during monsoon
(12 August, 17 and 23 September 2000) show high levels of suspended sediments year round, although some
seasonal variation in suspended sediment patterns (Rajawat et al. 2005).
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Table 7-5 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Palk Bay Shelf Province.
HABITAT
2

AREA (KM )

PALK BAY SHELF PROVINCE
PERCENT COVER

Coral

143.0

1.05

Mangrove

124.1

0.91

Seagrass

564.3

4.15

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-33 Distributionof seagrass, mangrove and coral cover within the Palk Bay Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Extensive seagrass beds occur in the tidal and shallow subtidal areas, particularly in the southeast of the
province (Figure 7-33). There have been 14 species of seagrass recorded. However, seagrass beds are
dominated by Cymodocea serrulata (Sridhar et al. 2010; Manikandan et al. 2011; Balasubramanian et al.
2011). The seagrass meadows function as specialized ecosystem serving as feeding, breeding and
nursery ground for many fishes, shrimps, and crabs that form the basis for important commercial
fisheries and communities that support them. Squid are common in the region and important squid
breeding grounds occur near Rameshwaram.
Besides extensive seagrass beds, algal cover is quite high and dominated by Ulva reticulata,
Turbinaria sp, Padina sp, Halimeda sp and Amphiora sp. A total of 61 species of green algae (14 genera
and 28 species), brown algae (8 genera and 13 species) and red algae (17 genera and 20 species) have
been recorded and Halimeda opuntia is noted to the most dominant algae. Species belonging to genus
Caulerpa and Sargassum are the most common plants inhabiting the shallow reef areas.
Extensive mangrove systems occur around the margins of the province (Figure 7-33). The mangrove
swamps are associated with mud flats, wet lands, brackish water and saline lagoons and are sometimes
protected by wild life sanctuaries.
The benthic biota is typical of sandy bottom fauna and flora, with macrobenthos, such as sponges
(Hercina fusca, Dysidea fragilis, Spirastrella inconstans and Calispongia diffusa) being fairly common.
Benthic invertebrates such as sea cucumbers (including Holothuria scabra, H. atra and Pentaceraster
australis) are common, as are polychaetes and gastropods. A total of 73 species of molluscs have been
recorded (46 species of gastropods and 27 species of bivalves). Twenty known species of boring sponges
and 17 species of boring bivalves weaken the reef structures making them more vulnerable to erosion.
Squid are also found in moderate abundance.

Key species
Palk Bay is known for its exceptionally rich fishing grounds, particularly the Pedro Bank, the Prawn Bank
and the Pearl Bank (Scholtens et al. 2012). Recent catches have totalled over 180,000 t/year (Scholtens
et al. 2012), mostly caught by a large trawler fleet. Some concerns have been expressed about
overcapacity and over-exploitation. The total fished taxa is 462 species within 245 genera, dominated by
Green tiger shrimp, perches and squids. Benthic species such as high value sea cucumbers (Holothuria
scabra) are also caught, though in reduced numbers.
Threatened and/or protected species in the region include sea turtles (5 species), sea horses, and
dugong.

7.8.4 TRANS-BOUNDARY LINKAGES
Palk Bay Shelf Province, although semi-enclosed, has strong linkages to the Bay of Bengal through the
northern channel, and also to the Gulf of Mannar to the south, although this connection is limited by
the shallow Adam’s Bridge. There is significant water ingress from the Bay of Bengal during the northeast monsoon in summer.
Although less diverse due to the challenging environmental conditions in the Palk Bay Shelf Province,
there are many species in common with the rich Gulf of Mannar region. Larval transport, particularly
during the winter months, from the diverse Gulf of Mannar region would be an important source of
recruits to the reef habitats in particular in the Palk Bay Shelf Province.
The Province is also divided into an Indian and Sri Lankan jurisdiction, with a dividing line that splits the
province into two sovereign areas. This International Maritime Boundary Line (IMBL) was drawn in 1974
in a bilateral agreement (Scholtens et al. 2012).
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Figure 7-34 Illustration of the Palk Bay Province.
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7.9 Coromandel Shelf Province

Figure 7-35 Coromandel Shelf Province (outlined in red).

7.9.1 PROVINCE BOUNDARIES
The Coromandel Shelf province is the shallow (<200 m) shelf located adjacent to the south-eastern
coast of India, between Point Calimere on the northern extent of Palk Bay, to the Krishna River delta,
some 600 km to the north. It is a north–south orientated region and is bounded to the south by the Sri
Lankan Shelf and Slope provinces and Palk Bay. In the north it is adjacent to the North East Indian Shelf
and Slope provinces, and the boundary between the two provinces is defined by the coastline changing
from a north–south orientation to a north–east orientation, as well as the narrowing of the shelf. The
Coromandel Slope bounds the outer limit of the shelf and beyond that are the deep waters of the Bay of
Bengal Abyss Province. The boundaries of this province are influenced by the orientation and the effect
this has on the prevailing wind and currents, which make this region particularly productive.
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7.9.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The width of the shelf is quite variable, and ranges from only 15 km at Puducherry, to 50 km in the
southern, central and northern sections. The shelf has a mostly low and medium profile which gently
slopes from the shoreline to the 200 m isobath, where it then grades steeply into the slope.
The rivers that flow into the province are among the smaller rivers in India. Larger rivers include the
bordering Krishna and the Kaveri (Cauvery) rivers in the southern parts of the province. Although
covering about 18% of the Indian coastline, it only receives about 11% of river flows, at about
69 km3/year (assuming half the flow of the Krishna; Kumar et al. 2005). Significant delta systems are
associated with the Kaveri and Krishna rivers. The river flows in this region are strongly tied to the
monsoon seasons. However, in contrast to other regions in India, the highest rainfalls occurs during the
north-east monsoon (winter) rather than the south-west monsoon during the summer, particularly in
the southern regions of Tamil Nadu (Kumar et al. 2005).

Figure 7-36 Geomorphology of the Coromandel Shelf Province (outlined in red).
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The shelf region has a diverse range of benthic sediment types, closely linked to the small-scale
geomorphology of the province, such as semi-enclosed bays and narrow shelf. The landward edge
features large expanses of open sandy beaches with coarse reworked sands stretching offshore at a
shallow gradient.
Another feature of this province is the Pulicat Lake just north of Chennai. This coastal feature is the
second-largest brackish water lake (450 km2) in India.

Climate
This province is heavily influenced by the regional monsoonal climate, characterised by the north-east
monsoon (winter) when air flows over the region from the Asian interior (see Chapter 4 ) and the southwest, or summer monsoon when warm, moist air flows into the region from the Indian Ocean (Figure
4-3). However, the difference with this province is that the normally dry north-east monsoon picks up
moisture during its transit across the Bay of Bengal, and actually produces the largest amount of rainfall
in this province. This results in a less intense but longer wet season, though it shows high annual and
inter-annual variation (Reddy et al. 1992).
There are some observed changes in climate and weather proceeding from south to north and the size
and location of catchments supplying river flow to the coast, with the weather pattern becoming wetter
and more classically monsoonal further north. In the south, rainfall dominates during the north-east
monsoon, whereas in the north it dominates during the south-west monsoon.
Regular tropical severe cyclones impact on this region during the north-east monsoon (October to
November) with approximately two to four cyclones per year.

Oceanography
The oceanography in this region is dominated by the East India Coastal Current (EICC). This current runs
almost the entire length of the eastern coastline of India, from about 12°N (Puducherry) to the Ganges
Delta (22°N) (Durand et al. 2009). The current changes seasonally, and runs predominantly towards the
south during the winter north-east monsoon and more strongly towards the north during the summer
south-west monsoon.
However, the flow is discontinuous and is made up of recirculating loops along the coast, with a
diameter of 150 to 200 km (Durant et al. 2009). These small gyres can be cyclonic or anticyclonic, and
are variable temporally and spatially, and result in short-lived, intense intra-seasonal currents. The
currents are trapped along the shelf. However, they probably do not impinge onto the shelf to any
great extent. These currents are wind driven and alongshore. There is a quasi-permanent cyclonic eddy
at 16 to 17°N, near where an apparent slumped shelf transitions from a narrow width to a wider shelf
further north (Kumar et al. 2013).

7.9.3 ECOLOGICAL ASSETS
Productivity Features
This region is characterised as one with generally moderate productivity, with no persistent upwelling.
As with most of the Bay of Bengal, there is a strong thermocline and persistent salinity gradients that
prohibit mixing. It has occasional nutrient enhancement due to cyclonic eddies associated with the EICC.
These eddies pump nutrients upwards across the thermocline allowing pico- and phyto- plankton to
proliferate where sunlight penetration is adequate. Strong weather events such as cyclones can also
bring nutrient-rich waters to the surface, resulting in short- lived productivity events.
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As with most shelf provinces, the shallow (<100 m) sections can provide a highly productive benthic
boundary layer (Edmond et al. 1979; Broecker et al. 1980). This layer occurs along much of the eastern
Indian coast where a nutrient-rich benthic mixed photic zone exists. Nutrient input from rivers along
this coast also provides additional nutrients and subsequent high productivity into this shelf zone.

Habitats and Ecological Communities
Coromandel Shelf Province contains only small pockets of mangroves around the larger rivers; for
example around Pichhavaram there is 11 km2 of mangrove habitat with 14 species. However, due to the
exposed coastline and sandy substrate, seagrass and coral habitats are uncommon (Figure 7-38).
Mudflats, estuaries and brackish water lakes occur in some regions, such as at Puducherry, and in delta
systems associated with the larger river systems such as the Kaveri and Krishna river systems.
Much of the shelf province would contain typical shallow soft-sediment communities with mostly
burrowing infauna such as polychaetes (65% of benthic community; 33 species), amphipods (25% of
benthic community; 1 species), gastropods (20% of benthic community; 3 species) and bivalves (Figure
7-37).
The benthic habitats of the shelf support a rich fauna that supports local fisheries. The entire province is
a good trawling ground as evidenced from intense trawling activity for the last four decades
(Vivekanandan and Krishnakumar 2010). Krishna River delta is located in the northern part of the
province, which is a good shrimp fishing ground. Overall, about 750 species belonging to 338 genera are
exploited from the Coromandel Shelf and Slope provinces. These include several species of sardine,
flying fish and Indian mackerel in the pelagic waters, and several species of small demersals (e.g.
threadfin bream, ribbonfishes, scads). Penaeid prawns, crabs and cephalopods (squid and cuttlefish)
also contribute significantly to the local catch. Oil sardine, which was not present in the province about
25 years ago, has emerged as the single largest fishery in the province because of more favourable
conditions due to climate change (Vivekanandan 2011).

Figure 7-37 Stylised benthic community of infaunal animals. Credit: Illustrators - Wayne R. Davis and Virginia Lee
(2003).
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Table 7-6 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Coromandel Shelf Province. (P – known to occur in region but not represented in global habitat data.)
HABITAT

COROMANDEL SHELF PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

24.3

0.12

Mangrove

123.4

0.59

Seagrass

P

P

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-38 Distribution of seagrass, mangrove and coral cover within the Coromandel Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Key Species
This province has several species of threatened or protected whale, dolphin, seabird, turtle (5 species,
including some nesting beaches for hawksbill turtles) and shark (e.g. whale shark).
Large pelagic fish species (e.g. yellowfin tuna, oceanic sharks, swordfish and sailfish) also occur here in
moderate numbers.

7.9.4 TRANS‐BOUNDARY LINKAGES
Due to the narrowness of the Coromandel Shelf, limited exchanges can be expected with the northern
portion of the Sri Lankan Shelf. The narrow Sri Lankan Shelf further south and the shallow Palk Bay to
the south-west will limit exchanges due to dynamical constraints in moving from a relatively deep
environment to a shallow one.
The passage from the Coromandel Shelf to the North East Indian Shelf is via a relatively narrow shelf
region to the north of the Coromandel Shelf where dynamical constraints would again restrict
exchanges between these provinces.
Exchanges with the Coromandel Slope may arise from the shelf-break front at the edge of the
continental shelf which extends offshore over the slope region and may result in a rain of organic
material into the slope water column. Energetic features such as eddies and upwellings may also
facilitate exchanges between these provinces.
As the shelf is narrow, several pelagic groups, such as tuna, shark and small pelagics, are trans-boundary
with the Coromandel Slope and other provinces; Palk Bay in the south and the north-east Indian coast in
the north.
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Figure 7-39 Illustrations of the Coromandel Shelf Province.
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7.10 Coromandel Slope Province

Figure 7-40 Coromandel Slope Province (outlined in red).

7.10.1 PROVINCE BOUNDARIES
The Coromandel Slope Province is the continental slope (200 m to 2000 m) located close to the southeastern coast of India, between Point Calimere on the northern extent of Palk Bay, to the Krishna River
Delta, some 600 km to the north (Figure 7-40). It is a north–south orientated region and is bounded to
the south by the Sri Lankan Slope Province, to the north by the North East Indian Slope Province at the
point where the slope changes from a north–south orientation to a north-east orientation. The province
is bounded on its outer limit by the deep waters of the Bay of Bengal Abyss Province. These boundaries
are similarly influenced by the same oceanographic and geomorphic features to the Coromandel Shelf
Province.
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7.10.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The width of the slope in the Coromandel Slope Province ranges from 50 km in the south, where the
slope is very gentle, to 12 km in the central section, where it is somewhat steeper.
The adjacent shelf is quite narrow in places (just 15 km at Puducherry), and this puts the slope waters
under the influence of river discharges in the region. Even though the rivers in this region are among the
smaller in India, the adjacent shelf still receives about 69 km3/year (assuming half the flow of the
Krishna; Kumar et al. 2005). River flows in this region are strongly tied to the monsoon seasons,
although, in contrast to other regions in India, the highest rainfall occurs during the north-east monsoon
(winter) rather than the south-west monsoon during the winter, particularly in the southern regions of
Tamil Nadu (Kumar et al. 2005).

Figure 7-41 Geomorphology of the Coromandel Slope Province (outlined in red).
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The high terrigenous input into coastal waters means the sediments on the slope are likely to include
significant portions of muds and silts, especially adjacent to the river mouths. Some canyon features and
escarpments occur (Figure 7-41) and are likely to provide a range of habitat types for demersal
communities. Their more vertical features may have regions of exposed hard substrate suitable for
attachment by species having attached sedentary forms, such as hard and soft corals, sponges,
bryozoans, hydrozoans etc. Eight such major canyon features occur in the Coromandel Slope Province.
The heads of these canyons can be repositories for various types of matter that may be deposited from
the shelf and sides of the canyons leading to enhanced local and downstream productivity. This in turn
attracts opportunistic deposit feeders and a variety of predators while also supporting a rich and
dynamic community within the sides and floor of the canyon.

Climate
The climate in this province is dominated by the prevailing south-west and north-east monsoons. These
and other climate features are very similar to those of the adjacent Coromandel Shelf Province and are
described in Section 7.9.2.

Oceanography
The oceanography of this province has similar broad scale ocean current influences to the adjacent
Coromandel Shelf Province, with influences from the EICC changing direction seasonally, with recirculating loops (as described in Section 7.9.2).

7.10.3 ECOLOGICAL ASSETS
Productivity Features
This region has a generally moderate productivity, with no persistent upwelling along the shelf margin.
As with most of the Bay of Bengal, there is a strong thermocline and persistent salinity gradients that
prohibit extensive mixing. It has occasional nutrient enhancement due to cyclonic eddies associated
with the EICC. These eddies pump nutrients upwards, through their core, across the thermocline
allowing pico- and phyto- plankton to proliferate where sunlight penetration is adequate. Strong
weather events such as cyclones can also bring nutrient-rich waters to the surface, resulting in shortlived productivity events.

Habitats and Ecological Communities
The deeper reaches of the slope are reliant on falling detritus or particulate organic matter (detritus,
zooplankton faecal matter) for energy input. Much of the detrital energy is cycled through bacterial–
detrital food webs. There is likely to be a very sparse distribution of mobile epi-benthos in the deeper
habitats, including holothurians, crabs and polychaetes. Any harder seabed facies that occur in the area
may contain established, more-resident, deep epi-benthic communities that may include crabs,
cephalopods, echinoderms and other suspension-feeding epi-benthic organisms including deep-water
corals (typically azooxanthellate). Much of the benthic biomass will likely be made up of infauna
(meiofauna and microfauna) including filter feeders and detritivores. However, there is very little
information on these habitats. The epi-benthic communities on the slope habitats are likely to support a
sparse population of bentho-pelagic species of fish, cephalopods and other invertebrates.
In the water column, small, vertically migrating bioluminescent species, such as myctophids, are also
likely to characterise the ecological communities in the upper half of the water column. These
organisms are typically present in very low abundances and are often patchily distributed. The pelagic
communities include schools of small neritic tuna and other pelagic such as oil sardine and Indian
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mackerel. Large pelagics, such as yellowfin tuna and oceanic sharks, also occur in moderate numbers.
Swordfish and sailfish are reported to occur in this area. They are lightly exploited due to the lack of a
developed fishery for these species and naval activity in the region.

Key Species
This province has several species of threatened or protected whale, dolphin, seabird, turtle and shark
(e.g. whale shark). Large pelagic fish species (e.g. yellowfin tuna, oceanic sharks, swordfish and sailfish)
also occur here in moderate numbers.

7.10.4 TRANS‐BOUNDARY LINKAGES
Energetic features such as eddies that impinge on the shelf are also likely to attract species from both
the shelf and slope habitats, and hence facilitate interactions of these species between these provinces.
The ecological communities occurring on the Coromandel Shelf Province will also be contributing
organic byproducts towards a rain of particulate organic material that provides an important energy
source for the communities within the slope water column and benthic habitats.
Several pelagic groups, such as neritic tuna, shark and small pelagics, are highly migratory, transitioning
between the Coromandel Shelf, slope waters and deeper Bay of Bengal provinces.
The province is a migratory corridor for the whale shark and Olive ridley turtle migrating from the
central Indian Ocean to the northern Bay of Bengal and other species, although few studies have
defined these movements.
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Figure 7-42 Illustrations of the Coromandel Slope Province.
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7.11 North East Indian Shelf Province

Figure 7-43 North East Indian Shelf Province (outlined in red).

7.11.1 PROVINCE BOUNDARIES
The North East Indian Shelf Province is the shallow (<200 m) shelf located adjacent to the north-eastern
coast of India (Figure 7-43). The southern boundary is the Krishna River delta associated with the
Krishna Godavari Basin, formed by the separation of India from East Antarctica around 132 million years
ago (Dewangan et al. 2011; Ana Desa et al. 2013). The northern boundary is where a geological feature
known as the 85°E Ridge (Figure 7-44), which is associated with the movement of the Indian Plate,
intersects with the coast and forms the Chilika Lakes region (Subrahmanyam et al. 2008).
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It is a south-west to north-east orientated region and is bounded to the south by the Coromandel Shelf
Province, and in the north by the Ganges Shelf and Ganges Slope provinces. Its offshore limit is defined
by the North East Indian Slope Province and beyond that are the deep waters of the Bay of Bengal Abyss
Province.

Figure 7-44 Satellite-derived gravity mosaic of the north-eastern Indian Ocean. Thin dashed black lines are
fracture zones. Thick dashed lines depict the extent of the sub-surface 85°E Ridge inferred using the satellite
gravity (Ana Desa et al. 2013).

7.11.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The width of the shelf is mostly about 50 km, except for the southern extent where the Krishna and
Godavari river deltas push into the shelf and reduce it to less than 5 km in places. The shelf has a mostly
low and medium profile which gently slopes from the shoreline to the 200 m isobath, where it then
grades steeply into the slope.
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Apart from the Krishna and Godavari rivers in the southern margin of the province, there are only a few
small rivers that flow into the province. The total outflows of all the rivers between the Krishna and
Godavari rivers and Chilika Lake represent only 3% of Indian river flows, at about 17 km3/year (Kumar et
al. 2005). The river flows in this region are strongly tied to the monsoon seasons, with highest rainfall
occurring during the south-west monsoon during the summer.
The shelf region has a diverse range of benthic sediment types, closely linked to the small-scale
geomorphology of the province (Figure 7-45). The landward edge features large expanses of open sandy
beaches with coarse reworked sands stretching offshore at a shallow gradient. Some deeper shelf
valleys contain fine sediments and mud.
Chilika Lake demarcates the northern boundary of this province and is a brackish water lagoon with a
total area of 1165 km2. It is the largest lake in Asia.

Figure 7-45 Geomorphology of the North East Indian Shelf Province (outlined in red).

134 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

Climate
This province is heavily influenced by the regional monsoonal climate, characterised by the north-east
monsoon (winter) when air flows over the region from the Asian interior (see Section 4.2) and the
south-west, or summer monsoon when warm, moist air flows into the region from the Indian Ocean
(see Section 4.2).
Regular, severe tropical cyclones impact on this region during the north-east monsoon (October to
November) with approximately two to four cyclones per year. As cyclones tend to run parallel to the
coast in this region, the coastline is highly vulnerable to associated coastal erosion and flooding (Figure
4-6).

Oceanography
The oceanography in this region is dominated by the East India Coastal Current (EICC). This current runs
almost the entire length of the eastern India coastline, from about 12°S to the Ganges Delta (Durand et
al. 2009). The current changes seasonally, and runs predominantly towards the south during the winter
north-east monsoon and more strongly towards the north during the summer south-west monsoon
(Figure 4-4, Figure 4-5).
These current flows are discontinuous and associated with recirculating loops along the coast, with a
diameter of 150 to 200 km (Durant et al. 2009). These small gyres can be cyclonic or anticyclonic, vary
temporally and spatially, and result in short-lived, intense intra-seasonal currents. The currents are
trapped along the shelf, however, they probably do not impinge onto the shelf to any great extent.
Most of the currents on the shelf are wind driven and alongshore. There is a quasi-permanent cyclonic
eddy at 16 to 17°S, near to where an apparent slumped shelf transitions from a narrow width to a wider
shelf further north (Kumar et al. 2013). This province is considered as a meso-tidal area, with tidal
ranges between 2 and 4 m.
There is semi-permanent, wind-driven coastal upwelling along the shelf break in the region, especially
during the north-east monsoon. This upwelling leads to a coastward increase in salinity, except near the
northern end where the freshwater influx from the Ganges and the Brahmaputra rivers overwhelm
other processes and give rise to a freshwater plume offshore of the upwelling zone (Shetye et al. 1991).
The province is influenced by freshwater runoff from the larger river systems in the northern Bay of
Bengal during the summer monsoonal period (e.g. Ganges). This reduces the surface salinity to about
24 ppt.

7.11.3 ECOLOGICAL ASSETS
Productivity Features
There is weak upwelling of deep, nutrient-rich water during the winter north-east monsoon due to
wind-driven surface currents and Ekman transport associated with the EICC (see Section 4.2). Nutrientand oxygen-rich shelf waters can also be sustained for long periods during the summer monsoon.
There is a highly productive benthic boundary layer on the shallow shelf (Edmond et al. 1979; Broecker
et al. 1980) where dissolved and particulate material from both land-derived runoff and benthic
resuspension support pelagic primary producers in the photic zone (e.g. <100 m depth).
Mangrove and seagrass communities contribute to primary productivity in large areas of the nearshore.

An Ecosystem Characterisation of the Bay of Bengal: Final Report | 135

Table 7-7 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the North East Indian Shelf Province.
HABITAT

NORTH EAST INDIAN SHELF PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

7.0

0.03

Mangrove

219.8

0.87

Seagrass

420.0

1.66

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-46 Distribution of seagrass, mangrove and coral cover within the North East Indian Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Habitats and Ecological Communities
Mudflats, estuaries and brackish water lakes occur in some regions, such as Krishna and Godavari delta
systems in the south, and the Chilika Lake in the north.
Much of the shelf province is likely to contain typical shallow soft-sediment communities with mostly
burrowing infauna such as polychaetes, amphipods, gastropods and bivalves. Epi-benthic communities
include both deposit- and suspension- feeding invertebrate communities supporting a wide range of
crustacean (including commercially important prawns), asteroid and annelid species.
The North East Indian Shelf Province has some significant mangrove habitats associated with the
Krishna and Godavari delta systems in the south, and the Chilika Lake (Kumar et al. 2010). Seagrass is
found throughout the province but is most prevalent near the Chilika Lake (Short 2005). Open sandy
beaches are the dominant habitat on the coast. However, some rocky coast occurs in the southern parts
of the province.
The region contains highly productive fisheries including catches of (from highest to lowest abundance)
catfish, mackerel, shark, ray, threadfin bream, goat fish, perch, threadfin bream, sardine and herring,
pomfret, hilsa, Jewfish, ribbonfish, squid and cuttlefish (Ali, 1996).

Key Species
This province has several species of threatened or protected whale, dolphin, seabird, turtle and shark .
Olive ridley sea turtle rookeries occur on sandy beach habitats of the Devi and Rushikulya river deltas
and fishing restrictions are in place for about 100 km along the coast in the turtle nesting area. The
endangered Irrawaddy and Gangetic river dolphins occur in the region.
Chilika Lake is listed as a Ramsar site for seabirds, and the region also contains one marine national park
and two marine sanctuaries (Chilika and Gahirmata).

7.11.1 TRANS‐BOUNDARY LINKAGES
Olive ridley turtles migrate in this province from December to March each year from the central Indian
Ocean to nesting beaches. Hilsa migrations occur to and from Ganges Shelf Provinces, and whale sharks
migrate through this province.
The Ganges River dolphin population is shared with both the Ganges Shelf and Slope Provinces. Neritic
tuna and other pelagics are generally shared stocks with other east Indian provinces, such as the
Coromandel Shelf and Slope, and Ganges Shelf and Slope provinces.
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Figure 7-47 Illustration of the North East Indian Shelf Province.
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7.12 North East Indian Slope Province

Figure 7-48 North East Indian Slope Province (outlined in red).

7.12.1 PROVINCE BOUNDARIES
The North East Indian Slope Province is the continental slope (200–2000 m) located adjacent to the
north-eastern coast of India (Figure 7-48). The southern boundary is the Krishna River delta associated
with the Krishna Godavari Basin, formed by the separation of India from East Antarctica around 132 Ma
(Figure 7-44) (Dewangan et al. 2011; Ana Desa et al. 2013). The northern boundary is where a geological
feature known as the 85°E Ridge, which is associated with the movement of the Indian Plate, intersects
with the continental shelf offshore from the Chilika lakes region (Subrahmanyam et al., 2008) (Figure
7-44).
It is a south-west to north-east orientated province and is bounded to the south by the Coromandel
Slope and Coromandel Shelf provinces and in the north by the Ganges Shelf and Ganges Slope
provinces. Its offshore limit is defined by the bottom of the slope at about 2000 m and beyond that are
the deep waters of the Bay of Bengal Abyss Province.
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7.12.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The width of the slope province ranges from 50 km in the south, where the slope is very gently sloping,
to 20 km in the northern section, where it is somewhat steeper (Figure 7-48).
The adjacent shelf is quite narrow at the Krishna Godavari basin delta region in the south of the
province (minimum 5 km), and this puts the slope waters under the influence of river flows in the
region. However, apart from the Krishna and Godavari rivers this region has little local runoff (Kumar et
al. 2005).
The high terrigenous input into the northern Bay of Bengal waters means the sediments on the slope
are likely to be fine and muds and silts. Extensive canyon features and escarpments occur (Figure 7-49)
which are likely to funnel and accelerate local currents. This exposes hard substrate and provides flows
and suspended particulate organic matter for detritivores. The heads of these canyons are often
channels for matter that may be deposited from or onto the shelf and leads to enhanced local and
downstream productivity, possibly in the form of a rich and dynamic community of suspension and
deposit feeders and associated predatory species.

Figure 7-49 Geomorphology of the North East Indian Slope Province (outlined in red).

140 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

Climate
This province is heavily influenced by the regional monsoonal climate, characterised by the north-east
monsoon when air flows over the region from the Asia; and the south-west monsoon when warm, moist
air flows into the region from the Indian Ocean (see Chapter 4).
Regular cyclonic events influence this province through the transport of nutrients into the upper water
columns, and freshwater directly from heavy rain events and river runoff.

Oceanography
The oceanography of this province has similar broad scale ocean current influences to the adjacent
North East Indian Shelf Province, with influences from the EICC changing direction seasonally, and recirculating eddies (as described in Section 7.11.2).

7.12.3 ECOLOGICAL ASSETS
Productivity Features
There is weak upwelling of deep, nutrient-rich, oxygenated water during the winter, north-east
monsoon, due to wind-driven surface currents and Ekman transport associated with the EICC (see
Chapter 4). Nutrient- and oxygen-rich surface waters can be sustained for long periods during the
summer monsoon and following heavy rain resulting from coastal runoff that crosses the narrow shelf.

Habitats and Ecological Communities
The deeper reaches of the slope relies, to a large extent, on particulate organic matter for a substantial
component of its energy input. Much of this is cycled through either bacterial–detrital food webs or
secondary pelagic food webs. Where the slope gradient is weaker, areas of fine sediment are likely to
support deposit-feeding communities and benthic communities adapted. There is likely to be a very
sparse distribution of mobile epi-benthos including holothurians, crabs and polychaetes as well as
scavenging or predatory fish and invertebrates. Any harder seabed facies that are associated with the
canyons habitats will likely contain established more resident deep epi-benthic communities like to
include crabs, cephalopods, echinoderms and other suspension-feeding epi-benthic organisms such as
deep-water corals (typically azooxanthellate). Much of the benthic biomass is made up of infauna
(meiofauna and microfauna) including deposit feeders and detritivores, although little is known about
the ecological communities of these slope habitats.
These epi-benthic communities may support a sparse population of bentho-pelagic fishes including
sharks, rays, flatfish, goatfish, and cephalopods (e.g. squid). Small, vertically migrating, bioluminescent
species, such as species of the family Myctophidae are also likely occur in the upper water column
habitats, along with pelagic shrimps, chaetognaths and a range of gelatinous species. These organisms
are typically present is low abundances and can be very patchily distributed.
The productive pelagic communities include schools of small neritic tuna and other smaller pelagic
species such as oil sardine and Indian mackerel. Large pelagics such as yellowfin tuna, and oceanic
sharks also occur in moderate numbers. Swordfish and sailfish are reported to occur in this area, and
are lightly exploited due to the lack of a developed fishery for these species and naval activity in the
region.

Key Species
This province has several species of threatened or protected whale, dolphin, seabird, turtle and shark
species, including the endangered Irrawaddy and Gangetic river dolphins.
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7.12.4 TRANS‐BOUNDARY LINKAGES
Olive ridley turtles migrate in this province from December to March each year from central Indian
Ocean to nesting beaches in the adjacent shelf province, particularly along the Odisha coast. Whale
sharks also migrate through these waters.
Neritic tuna and other pelagics are generally shared stocks with other east Indian provinces, such as the
Coromandel Shelf and Slope, and Ganges Shelf and Slope provinces.
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Figure 7-50 Illustration of the North East Indian Slope Province.
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7.13 Ganges Shelf Province

Figure 7-51 Ganges Shelf Province (outlined in red).

7.13.1 PROVINCE BOUNDARIES
The Ganges Shelf Province is an east–west orientated region which is bounded to the north by land
(India, Bangladesh and Myanmar) and to the south by the Ganges Slope Province (Figure 7-51). Both the
west and east boundaries are proportionately narrow and are bounded by the North East Indian Shelf to
the west and the North West Myanmar Shelf to the east. These boundaries are defined by the dramatic
increase in terrestrial and freshwater input from the Ganges River and adjacent smaller systems to the
west.
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7.13.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The continental shelf is very wide at 100 to 150 km (Figure 7-51) and shallow, with many open beaches.
The delta system is the >1300 km at its mouth and largest in the Bay of Bengal, and is part of the largest
river basin (that contains the Ganges, Bhramaputra and Meghna rivers) on the subcontinent. The
province contains a dense network of tidal creeks and mudflats. Rain-fed, seasonal rivers flow during
the wet south-west monsoon from July to October. This flow is compounded by meltwater from the
Himalayas in the summer from April to June.
Sediments flow onto the shelf habitats, then the slope to be carried down to deeper waters. Canyons
are part of this transport system and usually begin on the shelf (Figure 7-52). But the majority of the
canyon features are within the slope. The ‘swatch on no ground’ (Figure 7-51) is a large submarine
canyon feature that is part of the Bengal Fan - the largest submarine sedimentary fan in the world
(Figure 7-53). The Bengal Fan, also known as the Ganges Fan, is about 3000 km long, 1000 km wide with
a maximum thickness (depth) of 16.5 km. The fan is much larger than the neighbouring sedimentary
Indus Fan in the Arabian Sea (Figure 7-53).

Figure 7-52 Geomorphology of the Ganges Shelf Province (outlined in red).
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Figure 7-53 Bengal Fan in the Bay of Bengal compared to the Indus Fan in the Arabian Sea (Image Source:
Oceanus Magazine, Woods Hole Oceanographic Institution (webpage:
http://www.whoi.edu/oceanus/v2/article/images.do?id=2510).

Climate
The climate is humid (70–90% relative humidity) with an average annual rainfall that varies from
760 mm at the western end of the basin to more than 2290 mm at the eastern end. Severe tropical
cyclones and storm surges occur before the south-west monsoon season, from April to May, and at the
end of it, from October to November. The monsoonal winds respond to the position of the InterTropical Convergence Zone as shown in Figure 7-54. The average temperature is around 28 oC.

Figure 7-54 Comparison of the positions of the Inter-Tropical Convergence Zone (ITCZ) during the summer (left
image) and winter (right image) in the Bay of Bengal (Image from:
http://weatherandclimateofbangalore.blogspot.com.au/).
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Oceanography
The oceanography of this region is dominated by the substantial riverine water flow from the Ganges
and Brahmaputra Rivers that carry sediments and pollutants to the shelf. Average salinities vary
according to the phase of the monsoons: monsoon 5–15 ppt; post-monsoon 10–20 ppt; pre-monsoon
20–30 ppt. Average sea-surface temperature is 27.9 oC.
Riverine flow appears to veer to the right as expected from Coriolis considerations resulting in lower
salinities in the west. Dynamically, Coriolis will veer the currents to the right till a buildup of pressure at
the coast "drives" a coastal current, and to the right of the direction from coast to offshore. Thus, north
eastern India is likely to be more impacted by the Ganges outflow than the east. Consequently, there is
a marked lowering in salinity in north-western Bay of Bengal, and especially during the north-east
monsoon period. The eastern side of this province may receive remnants of the discharge during
favorable wind conditions such as the south-west monsoon which will tend to drive currents to the east.
Semidiurnal macro tides with a range of 5 to 7 m occur in the tidal creeks, and rapid currents flow
through the head of canyons along the outer edge of the continental shelf. The most intense of these
currents will be expected to resuspend sediments to bring deeper nutrient-enriched waters up towards
the surface.
The waters of the province are highly turbid. Mangrove litter fall and river flow control the nutrient
dynamics in the shallow coastal zone. Organic matter binds with fine sediments which in turn will limit
productivity both from the shading effect of turbidity and from the binding and settling of organic
matter to the seafloor. Thus productivity may not be as high as expected.
Winds vary according to the monsoons as shown in Figure 7-54.
Huge coastal erosion and accretion are evident as impacts from sea-level rise alter the shape of islands
(Figure 7-55) and erode away natural and human structures (Figure 7-56). The frequency and intensity
of extreme events under a changed climate are likely to accelerate the sorts of impacts evident in these
images.

Figure 7-55 Illustration of the change in the shape of island of the Sundarbans from 1960 to 2009 (Source:
School of Oeanographic Studies, Jadavpur University).
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Figure 7-56 Images of coastal erosion in the Ganges Shelf Province (Source: School of Oeanographic Studies,
Jadavpur University).

7.13.3 ECOLOGICAL ASSETS
Productivity Features
Chlorophyll is high in the south-west of this province during the south-west monsoon. Productivity is
also enhanced locally and downstream where boundary currents and internal waves/tides intersect
with canyons, resulting in a spilling out of higher nutrient cooler waters at the ends of canyons.
However, turbidity carried by riverine outflow may attenuate productivity, and bind with organics. The
average production was found to be 0.19 g C/m2/day in the deeper part and 0.63 g C/m2/day in the
shelf area (Islam 2003). Productivity is further increased by water column mixing from cyclonic eddies
and cyclones.

Habitats and Ecological Communities
Mangroves and mudflats are key habitat types in this province. Dense mangrove forests cover much of
the coastal region. The world’s largest mangrove ecosystem ‘Sundarban Mangroves’ comprises tidal
halophytic mangrove forest covering approximately 10,000 square kilometers, of which 60% is in
Bangladesh, and the remainder in India. The Sundarbans contains 35 species of mangrove and is listed
as a UNESCO World Heritage Site, a national park and a biosphere reserve. The mangrove forest
ecosystem also supports high terrestrial and marine biodiversity including turtles, rare dolphins,
horseshoe crab and crocodiles.
Mudflats are the predominant habitat type offshore of the coast supporting a range of infauna that
have adapted to the turbid waters and high sedimentation rates. In the north east of the Bay of Bengal,
coral reefs (mainly soft corals) are to found at the small Saint Martin’s Island of Bangladesh. This region
contains four hard coral species of the genus Acropora (A. pulchra, A. horrida, A. humilis and A.
variabilis). Mudflats and tidal creeks provide breeding ground for several fish and invertebrate species.
For example, the Bhitarkonika mangroves contain 55 species, and the Gahirmata Beach has the world’s
largest olive ridley sea turtle nesting ground. Other benthic habitats including seagrass (Halodule
uninervis) and open sandy beaches are also found in this province.
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Table 7-8 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Ganges Shelf Province.
HABITAT
2

AREA (KM )

GANGES SHELF PROVINCE
PERCENT COVER

Coral

13.4

0.01

Mangrove

6783.2

5.77

Seagrass

288.9

0.25

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-57 Map of seagrass, mangrove and coral cover within the Ganges Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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The offshore shelf waters and sediments have very high detritus and benthic biomass. They are also
very rich in fishes and crustaceans that support numerous fisheries (475 fish, 36 shrimp and five lobster
species). Pelagic fisheries species include hilsa, sardine, mackerel, tuna, anchovy and pomfret. Demersal
fisheries in the same region catch are dominated by Bombay duck, grouper, jewfish, catfish and ribbon
fish. Benthic trawling also catches crabs, rays, skates, eels, prawns, Acetes shrimps, polychaetes,
cnidarians, sea pens and molluscs. Very high detritus and benthic biomass are found at the seafloor.

Key Species
There are a number of key threatened and protected species that either migrate through the province
annually or occur throughout the year. The species migrating through this province include hilsa
(Tenualosa ilisha, anadromous migration) (June to October), sea turtle (from January to March),
dolphins, Indian mottled eel (Anguilla bengalensis bengalensis, catadromous migration) and migratory
shorebirds (November to April).
Resident threatened and protected species include Olive ridley turtle (Lepidochelys olivacea) that nest
at Gahirmata Beach, hawksbill sea turtle (Eretmochelys imbricata), horseshoe crab (Tachypleus gigas),
Gangetic river dolphin (Platanista gangetica), Irrawaddy dolphin (Orcaella breviostris), estuarine
crocodile (Crocodylus porosus) and marsh crocodile (Crocodylus palustris). The brown-winged kingfisher
is endemic to this region.

7.13.1 TRANS‐BOUNDARY LINKAGES
The uniqueness of the Ganges Shelf Province is primarily due to the large delta systems and the massive
outflows from the Ganges River. The outflows are the largest, and most widely spread in the Bay of
Bengal. The river is also a major source of freshwater, sediments, organic materials, nutrients and other
substances discharged into the Bay of Bengal. Meltwater from the Himalayas also contributes to the
outflows – an important indicator of impacts from climate change. The province is the principal source
of sediments for the extensive and unique Bay of Bengal mud fan.
The province is uniquely identified by its delta topography and sedimentary features. The waters in the
province are turbid due to the suspension of fine sediments in the water column which limits plankton
productivity and also binds organic materials. These impacts spread beyond the Ganges Shelf Province
to offshore regions and neighbouring provinces.
The province shares the distribution of several highly vulnerable species including the Gangetic river
dolphin, the Irrawaddy dolphin and at least two species of sea turtle. An integrated, multi-jurisdictional
management plan is essential to ensure the survival of some of these species. Many of these unique
rare and threatened species depend on both terrestrial and marine habitats and hence conservation
measures must take also into consideration the linkages and dependencies across these realms.
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Figure 7-58 Illustration of the Ganges Shelf Province.
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7.14 Ganges Slope Province

Figure 7-59 Ganges Slope Province (outlined in red).

7.14.1 PROVINCE BOUNDARIES
The Ganges Slope Province is an east–west orientated region which is bounded to the north by the
Ganges Shelf Province (above 200 m depth) and to the south by the Bay of Bengal Abyss (below 2000 m
depth). Both the west and east boundaries are proportionately narrow and are bounded by the North
East Indian Slope to the west and the North West Myanmar Slope to the east. The slope broadens
dramatically in this region under the high terrestrial outflow from the large Ganges River.
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7.14.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
‘Canyons’ are the main geomorphological feature of this province (Figure 7-60). The largest of these is
the ‘Swatch of no ground’, also the largest canyon in the Bay of Bengal. Canyons tend to begin in the
shelf section, but the majority of features are within the slope. They are conduits for transporting
sediment and other matter from the shelf to the deep sea at the foot of the continental slope.
The Bengal Fan, also known as the Ganges Fan, is the largest submarine fan on Earth. The fan is about
3000 km long, 1000 km wide with a maximum thickness (depth) of 16.5 km (Figure 7-53). This province
is the primary zone through which sediments from the Ganges River flow to reach the deep sea.
The continental slope in this region is relatively wide (80–100 km). It contains a very thick layer of
benthic sediments. The slope of this province is also relatively gentle compared to other slope provinces
in the Bay of Bengal.

Figure 7-60 Geomorphology of the Ganges Slope Province (outlined in red).
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Climate
As with the Ganges Shelf Province, the climate is humid (70–90% relative humidity) with an average
annual rainfall that varies from 760 mm at the western end of the basin to more than 2290 mm at the
eastern end. Severe tropical cyclones and storm surges occur before the south-west monsoon season,
from April to May, and at the end of it, from October to November. The monsoonal winds respond to
the position of the Inter-Tropical Convergence Zone as shown in Figure 7-54. Strong south-west winds
occur during the summer monsoon, and northerly winds during winter. The average temperature is
around 28 °C. Winds vary according to the monsoons as shown in Figure 7-54 and have some influence
on surface currents, but the major influence is from the major current systems in the Bay of Bengal
(Figure 4-4, Figure 4-5).

Oceanography
The surface currents in this province are dominated by the numerous meso-scale cyclonic and anticyclonic eddies (Figure 4-4; Prasanna Kumar and Narvekar 2015, unpublished manuscript). During the
south-west monsoon when freshwater outflow is greatest, the surface currents are predominantly
westerly and south-westerly in direction. During the winter north-east monsoon period, they intensify
and flow easterly or south-easterly along the shelf.
Strong underwater currents flowing through the canyons transport and resuspend sediment. Turbidity
currents along the canyons periodically carry large volumes of sediments to the deep water.
There can be strong stratification in the upper water column brought about by freshwater and depth
changes in temperature. However, storm events and internal waves that can impinge on the slope drive
enhanced mixing of surface and deep waters. This leads to increase plankton production and turbidity.

7.14.3 ECOLOGICAL ASSETS
Productivity Features
Biologically this is a low-productivity basin, due to the strong stratification driven by the immense
freshwater flux, and in parts from a shallow euphotic zone due to the immense suspended sediment
load, and especially in the northern bay (Prasanna Kumar et al. 2007).
Favourable winds for upwelling - blowing from west to east - are most likely during the south-west
monsoon when the Ekman drift is directed offshore, causing deep waters to rise to the surface to
compensate. This provides opportunity for enhanced phytoplankton production, although the influence
of high turbidity and subsequent reduction in light penetration on this process may significantly offset
this production.
The eddies interacting with the shelf/slope boundary can give rise to enhanced biological production
through upward pumping of nutrients across the thermocline allowing pico- and phyto- plankton to
proliferate where sunlight penetration is adequate. Cyclones and storms can produce the same effect,
but usually for much shorter periods.
Sub-surface chlorophyll-a concentration can be seasonally high. Enhanced local and downstream
productivity may also occur where boundary currents and internal waves and tides intersect with
canyons, resulting in a spilling out of cooler water, higher nutrient content water at their ends.
The meso-zooplankton biomass may be decoupled from chlorophyll and primary production, due to the
existence of large bacterial biomass which can support substantial micro-heterotrophic production.
The slope environment may be a sink for CO2 from fine sediments being winnowed on the shelf during
storms and advection offshore to deeper more quiescent waters where they settle out.
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Habitats and Ecological Communities
Generally the high detritus ecosystem comprises low trophic functional groups of organisms. However,
the flowing functional groups occur in benthic habitats with very high detritus and benthic biomass,
including polychaetes, molluscs, crabs, prawns and lobsters. The pelagic habitats support hilsa,
sardines, mackerel tuna, seer fish, and small Gangetic sharks. While demersal habitat support perches,
catfish, flat fish, sciaenid croakers, rays and skates.

Key Species
There are a number of threatened and protected species that either migrate through the province or
are resident throughout the year. These include sea turtles, dolphins, Olive ridley turtle (Lepidochelys
olivacea), Hawksbill turtle (Eretmochelys imbricata), rays and skates.

7.14.1 TRANS‐BOUNDARY LINKAGES
The Ganges Slope Province is a transit zone for sediments that make up the extensive and unique Bay of
Bengal mud fan. Turbid waters from the Ganges River also transit into the Bay of Bengal binding organic
material that settles to the deep seafloor and gradually accrete in the mud fan.
The waters of the province actively exchange with deep waters through sedimentary processes within a
network of channels and canyons. Large canyons incise the province and act as major conduits for mass
sedimentary flows to the deep ocean, with the most energetic of these being turbidity currents that are
in effect avalanches of sediment down the canyon to the deep ocean.
The western and eastern boundaries are narrower and orientated differently. This has implications for
currents and exchanges with neighbouring provinces. Most of the sedimentary and turbidity processes
are contained within the zone between these boundaries.
A range of key species migrate between this and neighbouring provinces (described above) and require
coordinated and integrated governance processes to ensure their long term survival.
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Figure 7-61 Illustration of the Ganges Slope Province.

156 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

7.15 Bay of Bengal Abyss Province

Figure 7-62 Bay of Bengal Abyss Province (outlined in red).

7.15.1 PROVINCE BOUNDARIES
The Bay of Bengal Abyss is a unique abyssal province identified by its depth range (>2000 m). It occupies
a large proportion of the Bay of Bengal abyssal region (Figure 7-62). It contains the Bengal Fan, which
has an area of approximately 2.8 to 3 million km2 and a length between 2800 and 3000 km. The western
and northern boundaries are defined by the slope provinces along the eastern margin of Sri Lanka, India
and Bangladesh. The eastern boundary is defined by the western extent of the Andaman and Nicobar
and Ninety East Ridges. The southern boundary has been defined by the limit of the BOBLME region.
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7.15.1 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The province comprises a large, central deep-water basin (Figure 7-63) which deepens from north to
south to >4000 m (Figure 4-2). The main feature is an extensive and deep sediment fan being deposited
from the large river systems in the north. It is the world’s largest submarine sediment fan with an area
of 2.8 to 3.0 x 106 km2 (Sarma et al. 2000)(Figure 7-53). It extends from the Ganges-Brahmaputra Delta,
around 20°N latitude to south of 7°N, with a maximum width of about 1000 km around 15°N latitude
(Figure 4-1) and a maximum thickness of about 21 km at its apex in the Bangladesh offshore region.
A large canyon incising through the continental slope of the Ganges Delta extends into the northern
edge of the basin at about 500 m depth. An isolated local raised feature occurs on the seafloor south of
5°N (just south of the province) with a positive relief of 500 to 900 m from the mean seabed. These
features are associated with positive magnetic anomalies.

Figure 7-63 Geomorphology of the Bay of Bengal Abyss Province (outlined in red).
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Climate
The temperature at the surface varies seasonally from 24 to 32°C. Wind velocities average 7m/s at 7°N
to 14°N. The lowest air pressure is about 1006 mb. A low pressure zone usually formes during summer
and post monsoon, and can develop into a tropical cyclone. Heavy rainfall is experienced during the
south-west monsoon. Very severe tropical cyclones occur during April and May and September to
November. The seasonality and interannual variations of weather and surface biological activity are felt
in the deep ocean through the rain of biological and inorganic matter (particulate organic matter, POM)
into the deep ocean.

Oceanography
The oceanography of this region is more stable than in other parts of the BOBLME region. The deep
ocean salinity is very constant at about 35 ppt, and temperatures are cold at around 5 to 6°C below
1000 m and 0 to 3 °C below 3000 m (Prasanna Kumar et al. 2007). There are no discernible seasonal
changes in salinity. Apart from the deeper zones of ridge systems, there are no known hydrothermal
vents or other features at the core of this province that would alter temperature regimes. The sea
surface temperature (SST) varies from 28.2 °C at 7°N to 29.7 °C at 14.7°N. The mixed layer depth is at
about 60 m at 7°N, 15 m at 8°N, 50 m at 12°N and 4 m at 20°N. The thermocline is generally located at
300 m depth. Sub-surface, cold-core eddies are formed below 15 m depth. There is a thin surface layer
of low salinity water near the major surface outflows that cross into this province.
Gradients of salinity are strong in the upper 100 m of the surface layer. At the surface, sea surface
salinity is approximately 33.5 PSU between 7°N to 14°N.
Surface currents are driven by the monsoonal winds, which also drive much of the surface processes
controlling productivity. The very strong East Indian Coastal Current, with current speeds varying from
3m/s to 7 m/s, flows over this province. However, the circulation patterns are poorly organised and vary
spatially as well as temporally (Figure 4-4).
Topographic currents and the interaction of surface and internal current systems (boundary currents,
internal waves, Rossby waves, tsunami waves) with bathymetry and geomorphological features are
important agents that carry material and energy into the deep-ocean water column and the seafloor.
Related to climate are the slow, large-scale Rossby wave processes which are initiated and forced by
extreme events, seasonal and climatic variability. These waves can travel far from the region that
generates them and can carry energy to remote regions and the deep ocean as they interact with
topography and geomorphic features. The build-up of heat and changes in salinity in the surface layers,
entrapped in part by the closed boundary in the north, can also drive ocean currents and mixing. This
occurs through changes in potential energy in the surface layers leading to density-driven (baroclinic)
currents, as well as convective overturn through the loss of heat at the surface layers.

7.15.2 ECOLOGICAL ASSETS
Productivity Features
The Ganges is the main contributor affecting the productivity of this province in its northern region. The
rain of materials from surface processes grades from the Ganges to the southern boundary forming the
upper, middle and lower zones of the Bengal Fan. Seafloor transport of materials also occurs along the
continental slope via turbidity currents, avalanches, the occasional energetic deep-ocean process (such
as tsunamis and volcanic activity) and biological mediation processes (ingestion, excretion, physical
movement). Seafloor volcanic activity may also emit heat, chemicals and energy into the water column.
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The rain of productivity by-products from monsoonal events varies seasonally and regionally leading to
seasonality in the rain of material to the deep ocean. Ocean-surface processes (heating, wind, currents,
evaporation, waves) and internal waves/currents in combination with processes associated with
topographic and geomorphic features (e.g. the flows across and around the ridge systems and deepocean channels) impart a rich variety of pelagic environment types. These processes in combination
with the high sediment load make this province unique among deep-ocean abyssal systems.
The province contains extensive reservoirs of oil, gas and mineral resources which may also contain
regions of unique and rare species.
Energy for the abyssal ecological communities and species is mainly derived from the particulate living
and dead organic matter (POM) that sinks from the surface waters. This particulate matter is derived
from a wide range of sources including dead animals and plants, sloughed exoskeletons, faecal material,
dislodged scales and other body parts. Some whole carcasses of larger animals also provide periodic
habitats for specific opportunistic species.
The deep abyss is a carbon sink due to this rain of particulate organic material from the surface layers
that remain largely assimilated (over millennium timescales) into the deep-ocean seafloor, demersal
and benthic ecosystems. The Bengal Fan represents the accumulated result of these processes acting
over millennium timescales.
Cold-core eddies may inject energy and enhance the overall biological processes in the deep ocean. The
shallow euphotic depths (<55m) are not conducive to high surface production, with the exception of
locations where current systems interact with bathymetry and topographic features to cause mixing and
upwelling of nutrients.

Habitats and Ecological Communities
The major habitat types of this province include a low-productivity pelagic zone, and deep-water
benthic ecosystems of highly adapted deep water organisms that rely upon the rain of biological matter
and sediments from the surface as well as benthic recycling and transport processes. Communities are
dominated by deposit feeders and marine bacteriophages. Some species of secondary and tertiary
consumers occur, including bioluminescent species and those that use photophores to attract prey.
There are also seamounts within the province that are dominated by fine, homogenous sediment. The
main habitat gradients are related to depth and the influence of depth on water temperature.

Key Species
Various species of oceanic shark, tuna, whale, dolphin, sea turtle, jellyfish, marlin and swordfish occur in
the pelagic zone. The demersal communities are dominated by various species of crab, prawn and
shrimp along with rays and skates and flatfish.

7.15.1 TRANS‐BOUNDARY LINKAGES
Apart from the sedimentary processes, the biological trans-boundary linkages between the Bay of
Bengal Abyss and its boundary inshore provinces mostly occur through animal migrations. Migration is
undertaken by various species of whale, shark, tuna and sea turtle. Many pelagic and demersal fish
species migrate to the coastal parts of the other provinces to spawn and breed.
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Figure 7-64 Illustration of the Bay of Bengal Abyss Province.
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7.16 Irrawaddy Shelf Province

Figure 7-65 Irrawaddy Shelf Province (outlined in red).

7.16.1 PROVINCE BOUNDARIES
This province is a broad, shallow muddy shelf heavily influenced by the terrestrial inputs from the
Irrawaddy River. The western boundary of the Irrawaddy Shelf Province lies adjacent to the South West
Myanmar Shelf Province just north of Cape Negaris at the south-western end of Myanmar (Figure 7-65).
The eastern boundary is north of the Myeik Peninsula starting at the coast near Dawei. This boundary
marks the transition from the vast plains of soft muddy sediments in the north, to the numerous islands
of the Myeik Peninsula in the south. The offshore boundary at the 200 m isobath in the south is shared
with the Alcock Rise Province.
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The Irrawaddy Shelf Province is uniquely identified by its delta topography and hydrology, and
sedimentary features. The province is the major source of inflows into the Andaman Sea through the
Ayeyarwady River and the low-lying and densely populated delta region around the Gulf of Martaban.
Outflows comprise freshwater, sediments, organics, nutrients and other materials discharged into the
Andaman Sea across a wide shelf ranging in width from over 150 km to over 300 km out to the 200 m
isobath.

7.16.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
A key biophysical driver of this province and the Andaman Sea is the Irrawaddy River, which is the fifth
largest in the world in terms of annual sediment discharge at approximately 250 million tonnes. It is also
the second largest freshwater discharge into the Bay of Bengal. The river extends from the northern
catchments of Myanmar. The Irrawaddy Delta is 261 km wide and salinity ranges from 34 to 32 ppt with
lower values at the surface. The discharge contains high amounts of particular matter and nutrients
essential for biological productivity.

Figure 7-66 Geomorphology of the Irrawaddy Shelf Province (outlined in red).
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The shallow and gently sloping region through the inshore shelf and the muddy sediments result in
sediment resuspension and turbidity plumes as seen in satellite images such as Figure 7-67. Sediments
are retained longer in the water column as diffusive processes carry them towards deeper waters across
the wide shelf.
Geomorphs in this province include shelf environments occupying the bulk of this province, shelf valleys
and canyons (Figure 7-66). There are also a number of small islands, muddy mounds and riverine
channels. The delta system is also a major geomorphological feature of this province, with depths less
than 5.5 m across the coastline and in the east for a distance of up to 28 km offshore.. The sedimentary
pathways across the shelf are evident from the Google Earth image (Figure 7-67) which shows a rich
variety of sedimentary plumes and accretion features associated with the outflow and deposition of
sediments.

Figure 7-67 Google Earth image of the Irrawaddy Delta showing depositional features emanating from the
outflow to deep water. The white feature over the ocean appears to be cloud.

Figure 7-68 shows the sharp change in bathymetric profile across the Sagaing Fault. To the west of the
fault the depth profile to deeper waters is gently sloping. However, there is an escarpment to the east
and a plateau at the base of this dropoff. This disjunction in the shelf bathymetry, which carries across
the slope, is a major alteration in the seafloor. Its anticipated effect on the distribution of ecological
communities, leads us to tentatively suggest that the fault demarcates sub-provinces (west and east of
the fault line) in this province, and possibly a third sub-province east of the delta.
Sediment data from this province (sampling locations shown in Figure 7-68) suggest five broad areas
(biotopes in the terminology of Last et al. 2010) can be demarcated based on the mixture of sediment
types as illustrated in Figure 7-69. These areas should be viewed as overlays on top of the sub-province
structure due to the sub-provinces having a higher level influence on species distributions. In other
words, sedimentary areas in different sub-provinces may contain different species due, for example, to
speciation processes responding to the formation of the Sagaing Fault. The areas are:
I.
II.
III.
IV.
V.

Shelf of Rakhine
Mouths of the Ayeyarwady
Inner Gulf of Martaban
Outer Gulf of Martaban
Tanintharyi Shelf.
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Figure 7-68 Depth contours and locations of sediment samples of the seafloor. The Sagaing Fault in the Gulf of
Martaban is also shown. Note the sharp contrast in the gradation of isobath (depth contours) to the west (more
gentle) and east (sharp dropoff at escarpment).

I
III
II
IV

V

Figure 7-69 Sedimentary facies of the Gulf of Martaban.
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The major feature of the sedimentary areas is the predominance of Silty Clay towards the head of the
delta. Offshore of this feature are zones of mixed sediments and further to the west and east are the
more sandy areas. Clayey-silt is found mainly in the deeper waters.

Climate
The climate of the Irrawaddy Shelf Province is typically tropical, warm and humid. Annual rainfall is
approximately 2500 mm with the wet season occurring during the south-west monsoon summer period
from May to October. Cyclone activity may occur during this period. The rainfall season extends from
mid-May to mid-November. The cool and dry phase from the north-east monsoon occurs during winter
from mid-October to mid-February. In addition to the impact of rainfall on the discharge of sediments,
wind intensity and direction will have a major influence on the transport, resuspension and
redistribution of sediments in the delta.

Oceanography
The Andaman Sea responds rapidly to a change in winds as reflected in conductivity, temperature,
depth (CTD) observations. The province is subject to trans-basin open-ocean currents that extend from
Somali to the Andaman Sea (Shankar et al. 2002). The seasonally reversing currents are much stronger
during summer than winter (Shankar et al. 2002). During the south-west monsoon, currents are
channelled from the Bay of Bengal, across passages in the Andaman Ridge and leading to upwelling and
enhanced productivity into the Andaman Sea region (as evident from ocean colour image sequences).
At the river mouth, strong currents occur to the east in deep water. Water temperature ranges from
28 oC to 29 oC, but can drop to 20 oC in the deeper water. The vertical distribution of physicochemical
properties is highly variable in the shelf and slope regions. West of 96oE longitude the waters are
stratified, whereas they are well mixed in the eastern region. Blooms of Trichodesmium often coincide
with stratified waters in the west.
Within the province, sediment resuspension and oscillations of turbidity plumes are tidally dependent.
The seaward limit of the turbid zone is sharply delimited at the 30 m depth contour and the plume
dilutes as it descends to deeper waters as shown in Figure 7-70. The thickness of the disturbed sediment
layer varies with oceanographic conditions (waves, wind mixing, currents). The constant movement of
sediment in the gulf may be one reason for the relatively low species abundances and diversity.

7.16.3 ECOLOGICAL ASSETS
Productivity Features
The waters of this province are marked by high benthic productivity due to the vast expanse of shallow
depths and muddy sediments. The average primary production is higher than the rest of Andaman Sea
and Bay of Bengal, mainly due to secondary productivity. Despite fairly high nutrients at the surface,
primary production is low due to the highly turbid waters limiting light penetration. Secondary
productivity comes from the higher meso-zooplankton biomass present here compared to the rest of
the Andaman Sea and the Bay of Bengal.

Habitats and Ecological Communities
The major habitat types found in this province include nipa palms (dominant habitat), mangroves,
freshwater swamp forests, marshes, mudflats and sediment plains. The community types associated
with these habitats comprise intertidal mangrove communities, subtidal, soft sediment infaunal
communities, suspension feeders, predatory and scavenging fish and invertebrates and seabirds. Among
the seabirds, there are a number of abundant species including Phalacrocorax carbo, a wide variety of

166 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

Anatidae, Fulica atra, about 30 species of migratory shorebirds, Chlidonias hybrida, Hydroprogne caspia,
and the common brown-headed gull (Larus brunnicephalus). One of the most numerous wintering
shorebirds is the lesser sand plover (Charadrius mongolus), which occurs in flocks of many thousands
along the outer coast of the delta. The wood sandpiper and red junglefowl (Tringa glareola) are also
abundant (Anon 2015a).

Figure 7-70 Illustration of the profile of sediment concentration changes with depth along the continental shelf
of the Irrawaddy Shelf Province.

The Gulf of Mottama contains extensive and significant species of waterbird, fish and other species. Fish
species include scads, grouper, snapper, tuna, sardine, catfish, trevallies, sardines, butterfish, anchovies,
ponyfish, emperors, goatfish, eels, monocle bream, croaker, mackerels, cod, lizardfish and ribbonfish. A
total of 43 freshwater fish species have also been found in this province (Anon 2015b). Key
invertebrates groups include sea cucumber, molluscs and spiny lobster.
Benthic communities form a major part of secondary production in this province. They constitute the
main source of food for demersal fisheries. Benthic production has been used as an indicator for
quantifying demersal fisheries resources and the standing benthic biomass estimate suggests the
presence of about 0.34 million tonnes of demersal biomass potential on the continental shelf of
Myanmar. This accounts for almost half of the total reported demersal biomass potential of the
continental shelf of Myanmar.
The distribution by depth of major benthic taxa in the Irrawaddy Shelf Province is shown in Table 7-10.
Polychaetes and crustaceans comprise the bulk of the species diversity in these benthic communities.
The distribution of macrobenthos in the coastal waters of the Irrawaddy varies markedly with depth as
shown in Table 7-11. Diversity of foraminiferans is highest in the shallow 20 to 50 m zone, whereas
polychaetes dominate in deeper depths.
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Table 7-9 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Irrawaddy Shelf Province.
HABITAT
2

AREA (KM )

IRRAWADDY SHELF PROVINCE
PERCENT COVER

Coral

31.3

0.02

Mangrove

1283.7

0.98

Seagrass

0.2

<0.01

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-71 Distribution of seagrass, mangrove and coral cover within the Irrawaddy Shelf province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Table 7-10 Percentage of major benthic taxa by depth zone within the Irrawaddy Shelf Province.
DEPTH (m)

FAUNAL GROUP
0–20

21–50

51–100

101–200

Polychaeta

51.2

34.3

46.3

49.7

Crustacea

40.7

39.1

26

35.4

Mollusca

0

4

6.7

2.6

8.1

2.7

3.2

4.7

0

19.9

17.8

11.3

Echinodermata
Others

Table 7-11 Number of species by depth zone for 26 of the main faunal groups within the Irrawaddy Shelf
Province.
DEPTH (m)

FAUNAL GROUP
20–50

51–100

101–200

985

134

32

Hydrozoans

0

4

12

Anthozoans

18

3

0

Nemertines

13

5

16

Nematodes

0

3

0

Echiuroids

Foraminiferans

3

3

0

Polychaetes

274

424

508

Ostracods

25

13

32

Copepods

60

66

135

Cumaceans

0

7

4

TanaidaceansIsopods

10

4

12

Isopods

13

24

4

Amphipods

161

138

146

Macrurans

63

23

0

Anomurans

1

1

0

Brachyurans

11

12

0

Stomatopods

4

2

0

Gastropods

4

22

8

Pelecypods

23

40

8

Ophiuroids

21

23

0

Echinoids

0

1

0

Crinoids

1

2

0

Holothuroids

1

2

0

Fish larvae

7

4

8

Amphioxus

11

0

0

Flatworms

1

1

0

Miscellaneous

20

17

0
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Key Species
The province supports a number of threatened and protected species including estuarine crocodile
(Crocodylus porosus), five species of turtle (green, olive ridley, hawksbill, loggerhead and leatherback),
Irrawaddy dolphin (Orcaella brevirostris), pantropical dolphin, bottlenose dolphin, finless porpoise and
one of the world’s most threatened species - spoonbill sandpiper (Calidris pygmea).

7.16.4 TRANS‐BOUNDARY LINKAGES
South of the point where the western boundary of the Irrawaddy Shelf Province lies adjacent to the
South West Myanmar Shelf Province, the narrow shelf quickly widens to form a principal site of
exchange between the surface waters of the Bay of Bengal and the Andaman Sea.
At the eastern boundary of the province, the exchange of surface waters between the open waters of
the Bay of Bengal and the turbid Andaman Sea alters surface water properties and material loads in this
province. The exchange fluxes also transit through this province carrying with it plankton, larvae and
other biota to other provinces.
This province shares a wide range of species with other regions including marine turtles, Irrawaddy
dolphins, other dolphins, whales, a range of large pelagic fish and a large number of smaller pelagic and
demersal fish species, some of which are targets for fisheries from adjacent jurisdictions. A range of
species found in this province range across to India and the Andaman Islands.
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Figure 7-72 Illustration of the Irrawaddy Shelf Province.
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7.17 Alcock Rise Slope Province

Figure 7-73 Alcock Rise Slope Province (outlined in red).

7.17.1 PROVINCE BOUNDARIES
The Alcock Rise Slope Province is bounded to the north by the Irrawaddy Shelf Province (<200 m) and
offshore by the Andaman Abyss Province (>2000 m). The south-eastern boundary is Mergui Terrace
Slope Province and the western boundary is the Andaman and Nicobar Ridge Slope Province (Figure
7-73). It is distinguished from the Mergui Terrace Slope Province by geomorphology and different shelf
influences. Mergui Terrace is adjacent to and influenced by the Myanmar Shelf and Strait of Malacca
Shelf provinces, where the Alcock Rise Slope Province has substantial influence from the Irrawaddy
Shelf Province. Mergui Terrace is also a more gently sloping habitat through most of its extent
compared to the far more undulating and rugose geomorphologies found in the Alcock Rise Slope
Province. It is a uniquely wide slope down to 2000 m and receives deposits of fine particles discharged
from the Irrawaddy River and shelf. It is also a pathway for material moving into the deep ocean
(Andaman Abyss). It has a unique and diverse set of geomorphological types including deeply incised
canyons that facilitate exchange with the Irrawaddy Shelf and the Andaman and Nicobar Ridge. The
western end receives oceanic water from the Bay of Bengal via the Andaman and Nicobar Ridge,
especially via surface currents during the winter monsoon.

172 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

7.17.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The Alcock Rise Slope Province sits largely on the Burma Plate, a small tectonic plate also associated
with the Andaman and Nicobar Ridge. The bathymetry of this slope province is highly unique due to its
varied and undulating range of geomorphology. Some areas of the province, such as the ‘slope’
geomorphology are more gently sloping environments from the shelf edge into deeper water (Figure
7-74). However, many of the other areas vary in depth and gradient depending on local geomorphology.
The geomorphology consists of a diverse set of features including canyons, escarpments, basins, shelf
valleys, ridges and abyssal habitats, and hence, is likely to have relatively high ecological diversity in the
deep water realms. The northern slope is interrupted by a series of deeply incising canyons (Figure
7-74). These will facilitate additional hydrodynamic and particulate exchange between the Irrawaddy
Shelf and Andaman Sea, and with the waters associated with the northern extent of the Andaman and
Nicobar Ridge Province. Large areas of escarpment separate abyssal habitats from other features, as
well as bounding much of the southern extension of the province. Other features form unique
ecological habitats including the ridges, terraces, and abyssal mountains and hills.
Narcondam Island, a small isolated feature, rises steeply from about 700 m depth and is situated in the
north-west of the province (shown on Figure 7-75).

Figure 7-74 Geomorphology of the Alcock Rise Slope Province (outlined in red).
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Climate
The climate of this province is typically humid and dominated by a reversing tropical monsoon. It is
similar to that described in neighbouring provinces, including interannual variability between the length
of the wet, south-west summer monsoons (also see Chapter 4). The north-east winter monsoon brings
cooler and drier winds from about mid-October to mid-February. Cyclonic activity is also variable.
Annual rainfall in this region averages around 2500 mm. Average surface water temperatures are
between 26–28 °C in February and around 29 °C in May. The water temperature drops to a constant at
4.8 °C at the depths of 1600 m to 2000 m.

Oceanography
The oceanography of this province is influenced by the seasonally reversing circulation within the
Andaman Sea and the seasonal surface currents within the Bay of Bengal (Figure 4-4 and Figure 4-8).
During both monsoons, inflows of surface waters from the Bay of Bengal vary from year to year due to
the broadly varying circulation patterns within the Bay of Bengal (Chapter 4). More predictable is the
seasonally reversing circulation within the Andaman Sea. For example, during spring a sub-tropical gyre
within the Bay of Bengal usually drives currents across the channels of the Andaman- Nicobar Ridge into
the Andaman Sea. While during autumn (and to a lesser extent, summer) a reversed (anti-clockwise)
gyre brings surface water from the southern Andaman Sea (Prasanna Kumar and Sharma 2015
unpublished manuscript) (Figure 4-8).
The depth of these currents also varies seasonally and reflects a combination of seasonal current
direction and the complex bathymetry in the Andaman Sea. Solitary internal waves of substantial
amplitude (>60 m), wavelength (6-15 km) and speed (>2.0 m/s) also occur in this region (Anon 2002).

7.17.3 ECOLOGICAL ASSETS
Productivity Features
Ocean-based productivity in the Alcock Rise Slope Province appears to be moderate compared to other
Bay of Bengal regions. The province’s offshore proximity removes it from influences of large coastal
upwelling. However, there is likely to be some level of seasonal phytoplankton concentration increase
that is sustained from the nutrients and fine sediments transported from the very large coastal river
outflows from the Irrawaddy Shelf. This is evidenced by a noticeable increase in surface water
chlorophyll concentration from July peaking around August to September (during the wet summer
monsoon) and through to a rapid decline in October.
The shelf-slope interface in the north of the province may also be a region of enhanced productivity.
Here nutrients from the deeper waters can flow into the shallowing shelf slope (e.g. via internal waves)
and closer to surface waters where they may become available to higher concentrations of primary
producers. This region also features a series of canyons which is likely to be funnelling deeper water
closer to the photic zone and resuspending some nutrients and particulate matter from deeper to
shallower realms near the shelf edge.
The interaction of deeper currents with the more rugose or rapidly changing bathymetrical aspects of
geomorphology will also enhance productivity due to resuspension and mixing or nutrients and organic
material. This will be further enhanced where the interaction of currents and change in bathymetry
produces internal wave motion at a range of depths.
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Habitats and Ecological Communities
The ecology of the Alcock Rise Slope Province is not well studied. However, benthic communities are
likely to be relatively diverse, based on the complex range of geomorphology and habitats driven mainly
by depth and substrate type. Most of the benthic habitats in the Alcock Rise Province are in deep water
(>1000 m). However, depths vary from sea surface habitats surrounding Narcondam Island to abyssal
hill habitats that approach 2000 m (Figure 7-73 Alcock Rise Slope Province (outlined in red).).
A study of Andaman Sea seamounts noted that faunal abundances were higher in the shallower regions
on seamount flanks (<700 m), compared to the deeper basin areas (Sautya et al. 2011). This general
pattern is likely to follow for other geomorphological features within this region, including escarpments,
ridges, canyons, terraces, abyssal mountains and the less rugose slope habitats. Higher abundances of
sessile macro-invertebrates are also likely where harder substrates can be found, such as on the steeper
surfaces of canyons, escarpments and ridges. These substrates provide opportunity for benthic
invertebrates to settle and grow, such as the deep sea corals found within this province (Figure 5-15).
Sautya et al. (2011) found that seamounts in the Andaman Basin region were dominated by sponges,
echinoderms and cnidarians (corals, hydrozoans, sea anemones, etc), with arthropods, chordates,
molluscs and sipunculids also common.
The northern end of the Alcock Rise Slope Province is most exposed to the influence from the Irrawaddy
Shelf Province. One of the major influences is the transport of fine particulate matter from the
Irrawaddy delta system. Compared to a more oligotrophic system, these provide a relatively abundant
source of nutrients for a wide range of suspension and detrital feeders. Relatively unique communities
of infauna are also likely to occur at different depths within this province where sediments have settled
to form soft muddy substrates. Associated predatory and scavenging species will also be found here,
especially arthropods, annelids and some echinoderms. Undiscovered endemics are likely to occur in
both hard and soft substrate habitats due to the relatively unique and enclosed nature of the Andaman
Sea region.
Pelagic communities in this region are also not well studied. Information from recreational fishing
sources suggest that there are a wide variety of large pelagic species that occur in the Andaman sea
region including marlin, sailfish, yellowfin and dogtooth tuna, wahoo, large trevally species and a several
large scombrid species. Fishery records also suggest that sardines, anchovies, ribbon fish and small
mackerels (e.g. Rastrelliger spp) are also abundant in this region. Many of these will be shared between
Indian, Myanmar and Thai jurisdictions.

Key Species
A range of listed, protected and/or economically important species are also likely to use the waters
within the Alcock Rise Slope Province. Killer whale, pilot whale and Blainville’s beaked whale occur in
the region surrounding the Andaman Islands as do a range of dolphin and porpoise species, including
the finless porpoise. Whale sharks are also likely to migrate through this province. Hawksbill,
Leatherback and Olive ridley sea turtles also occur here.
There are important fishing grounds and fished species off the western coast of Thailand. However, the
distribution of these and other fisheries in relation to the Alcock Rise Slope Province needs to be
clarified.
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Table 7-12 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Alcock Rise Slope Province.
HABITAT
2

AREA (KM )

ALCOCK RISE SLOPE PROVINCE
PERCENT COVER

Coral

1.0

<0.01

Mangrove

0.0

0.00

Seagrass

0.0

0.00

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-75 Distribution of seagrass, mangrove and coral cover within the Alcock Rise Slope Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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7.17.4 TRANS‐BOUNDARY LINKAGES
The Alcock Rise Slope Province has important ecological linkages with its surrounding regions. Its
ecological communities have evolved mainly under the influence of its ecological connectedness to
other Bay of Bengal regions. Physical drivers, such as its tropical, monsoonal climate and
geomorphology provide baseline parameters that influence species distribution and abundances.
More specifically to the Alcock Rise Slope Province, the terrestrial outputs from the Irrawaddy Shelf
Province and its river systems deliver fine sediments and particulate material into this province. These
influence habitat characteristics and provide energetic resources for a range of ecological communities
in both the pelagic and benthic realms of the region.
Circulation patterns in this region bring surface waters to and from the surrounding seas in most
directions, depending on the season and strength of the monsoonal winds. So linkages for larval
transport and plankton delivery are wide and varied. Large migrating fish and mammal species are
mentioned in ‘key species’ above.
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Figure 7-76 Illustration of the Alcock Rise Shelf Province.
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7.18 Andaman Abyss Province

Figure 7-77 Andaman Abyss Province (outlined in red).

7.18.1 PROVINCE BOUNDARIES
The Andaman Abyss is a unique semi-enclosed abyssal province identified by its depth range >2000 m
(max. depth ~4035 m). Its northern boundary shelves onto the Alcock Rise Shelf Province (Figure 7-77).
The eastern boundary shelves steeply onto the Mergui Terrace Slope Province and the western
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boundary abuts the Andaman and Nicobar Ridge Province. Its southern limit approaches a confluence of
these two provinces and the South West Sumantran Shelf Province.

7.18.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
This province is a deep-sea basin that occupies a large portion of the Andaman Sea. Its depth falls from
the 2000 m contour of the surrounding slope regions of this sea, reaching depths of >4000 m. Towards
the centre of the province, the depth shallows onto a ridge feature known as the Sewell Rise (seen as
the ridge and guyot features in Figure 7-78). This feature rises to about 1500 m and forms a unique,
isolated habitat within this province. There is also a seamount associated with this ridge, providing an
additional unique habitat. The bathymetry of this abyssal region is highly variable with many
undulations and rises throughout much of the central and western areas (Figure 7-79).

Figure 7-78 Geomorphology of the Andaman Abyss Province (outlined in red).
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The Alcock Rise Province intrudes into the central region of the northern boundary of the Andaman
Abyss Province forming a depth-based barrier between the basin habitats on either side (Figure 7-77,
Figure 7-78). The western boundary of the Andaman Abyss Province is a subduction zone created by
ongoing convergence of two boundaries: the Indo-Australian Plate forcing beneath the Eurasian Plate.
High relief escarpments have been formed as a consequence, known as the Andaman and Nicobar Ridge
(a province described in Section 7.19). This subduction process also causes periodic earthquakes.
Other geomorphological features of this province include a series of escarpments along the central and
western sections where ridge-like features have been forced upward from the seafloor. There are also
about 10 seamounts, mainly throughout the western region where the highest level of rugosity exists
within the province.

Figure 7-79 Bathymetry map of the Andaman Sea. Taken from Anon (2002).

The biophysical elements of the deep-ocean seafloor and pelagic habitats are likely to be influenced by
a range of factors including: input of detrital sediments from the Irrawaddy Shelf Province to the north;
deposition of particulate organic matter from the surface and mid-water columns, local weathering of
sandstone sediments; deep-ocean circulation and mixing; geothermal processes; and tectonic events.
The main basin is made up of more than 5000 m of thick sediments ranging from late Cretaceous to
Recent.
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Climate
The climate of this province is dominated by a reversing tropical monsoon. The south-west summer
monsoon brings warm, moist air from May to October, although the timing and length of this monsoon
is extremely variable, as influenced by anomalous remote moisture sources in the Bay of Bengal and
Arabian Sea (Misra and DiNapoli 2014). The north-east winter monsoon brings cold, dry air from
November to April. Surface water temperatures vary between a monthly average of about 26 to 28 °C in
February and 29 °C in May. Temperatures decline as depth increases. In general, sea temperatures drop
to about 5 oC at 2000 m, and further to about 2 oC by 5000 m. Ocean water density and salinity increase
with decreasing temperature.

Oceanography
The oceanography in the Andaman Sea is influenced by the Indian Ocean current system and the
seasonal and cyclical equatorial wind patterns as described in Chapter 4 (Broadscale biophysical drivers)
and Section 7.23.2 (Mergui Terrace). Seasonal surface currents during the south-west monsoon (June to
August) flow from the Indian Ocean, via the Bay of Bengal, across the Andaman and Nicobar Ridge and
into the Andaman Sea (Figure 4-8). As these currents pass through the island channels, an oceanic
cyclonic eddy (or eddies) is set up in the Andaman Sea, sometimes known as the Andaman Gyre. This
triggers a geostrophic current anomaly, and a whirlpool of high chlorophyll-a may form within the upper
ocean layers (Buranapratheprat et al. 2010). This higher productivity peak usually subsides by
September.
During the north-east monsoon, currents continue to flow south and collide with the currents from the
Strait of Malacca and then exit between the Andaman Islands and Sumatra (Rizal et al. 2012). When
these north-easterly winds subside, south-westward currents gradually form. A more sudden shift is
seen from March through May when the south-west monsoon begins again. These are maintained and
enhanced by the south-west monsoon between June and September. The depth of these currents also
varies seasonally and reflects seasonal current direction and strength, as well as the complex
bathymetry in the Andaman Sea.
In the southern end of this province the surface waters can receive deep-sea colder water due to weak
seasonal upwelling during December to March. This is due to Ekman transport of coastal waters driven
by the stronger currents exiting the Strait of Malacca during the north-east monsoon.
The water column in the Andaman Sea basin is usually highly stratified and oligotrophic, with a
thermocline sitting at 100 m or deeper below the surface. Low dissolved oxygen water usually sits
below thermocline. Internal solitary waves of substantial amplitude (>60 m), wavelength (6–15 km) and
speed (>2.0 m/s) also occur in this region (Anon. 2002). Tidal range is large, between 2 and 5 m and
there is periodic sea-level depression during periods of high atmospheric pressure and strong
monsoonal winds. Periodic tsunamis also occur in this region.
Salinity differs between southern and northern regions within this province, ranging between 32 ppt
and 33 ppt in the south and around 31 ppt in the north. These lower salinities are influenced by the
heavy freshwater influx from the rivers of India and Myanmar on the adjacent shelf areas.

7.18.3 ECOLOGICAL ASSETS
Productivity Features
Although these waters are characteristically oligotrophic, a weak seasonal, oceanic upwelling may occur
in the central Andaman Sea during the south-west monsoon. This brings some mixing of nutrient-rich
mesopelagic waters with epipelagic waters and sunlight, creating short-term phytoplankton and
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picoplankton blooms, subsequent increased primary and secondary consumer population and may be
attracting higher-end food web species to the area to feed.
The increased productivity generated by the Andaman Gyre also brings an increase in the rain of
material that falls from the surface ocean layers through the water column and onto the seabed. This
also feeds a range of lower-end food web species and enhances faunal populations at all depths. The
seasonality of this process is more pronounced in the surface waters than on the seabed, where growth
rates are slower and the delivery of particulate organic matter (POM) is spread over a longer time frame
than the rapid use of nutrients by phytoplankton in surface waters. For more about POM in the deep
ocean see Section 7.27.3 (South West Sumatran Slope)
As described above, the southern end of this province (adjacent to north Sumatra) experiences
enhanced productivity from December to March due to upwelling from the slope waters adjacent to
northern Sumatra. Phytoplankton densities have been measured in the range of 171 to 11 178 cells/L
and dominant species were Oscillatoria erythreae and Proboscia alata. High biomass of zooplankton has
been measured between 0 and 30 m depth at night and included copepods, chaetognaths, amphipods,
crustaceans, siphonophores, pelagic tunicates and fish eggs and larvae. The average biomass during the
day was 0.65 mg/m3, and during the night was 1.55 mg/m3.

Habitats and Ecological Communities
High productivity in the upper pelagic waters of tropical ecosystems supports a diverse range of species
at all levels of the pelagic food web. The basis of this is the phytoplankton and zooplankton, which are
known to be diverse in tropical systems (McKinnon et al. 2007). Where productivity drivers are also
present, such as the oceanic and coastal upwelling within this province, these communities can form the
basis for abundant pelagic communities.
The phytoplankton, zooplankton and mesopelagic (or micro-nektonic) communities are poorly known in
the Andaman Sea. Bertrand et al. (1999) describe the micro-nekton communities between the surface
and 500 m depth for tropical French Polynesia. The species groups described there are likely to be
similar to those found in the Andaman Sea. They describe a wide range of fish species, cephalopods,
crustaceans, tunicates, cnidarians, gastropods and other taxa. The higher trophic-level animals are
diverse and large tuna, swordfish, marlin, Indo-Pacific sailfish, large trevally, a range of pelagic sharks,
including thresher and whale sharks, and pelagic molubid rays (Figure 7-80 – McKinnon et al. 2014).
Beneath the euphotic zone (~200 m), the rain of detritus forms the primary source of energy for deepwater organisms, the only exception being chemo-autotrophs associated with hydrothermal vents and
cold seeps (McKinnon et al. 2014). The bathypelagic macro-communities are also poorly known and
likely to include a very different range of deep-water and low-light adapted species such as squid,
lanternfish and other bioluminescent species.
Seamounts have unique and diverse bentho-pelagic ecological communities based on the current
systems that are associated with the change in bathymetry and the related resuspension of organic
material. These communities include sessile suspension-feeding invertebrates which can provide shelter
and food for a community of bentho-pelagic fishes and other invertebrates (Williams 1992).
The deep-sea benthic communities are also not well studied. The mud and sandy-mud habitats are likely
to support unique deep-sea infaunal and epifaunal communities. These probably include a range of
deposit and suspension-feeding animals from a range of taxa, as well as scavenging invertebrate
species. One study of the Andaman Basin described the deep-sea meiofauna as follows: ‘The fauna
consisted of six metazoan groups. Harpacticoid copepods were numerically the most abundant taxon
with a relative abundance of ~63 % of the total number collected, followed by Halacarida, Nematoda,
juvenile polychaetes and crustacean Nauplii. Although organisms were found down to a sediment depth
of 25–30 cm, the majority of the meiobenthic population was recorded in the upper 0–4 cm sediment
layer and a maximum (>26 %) occurred in the topmost 0–2 cm layer. Vertically, harpacticoid copepods,

An Ecosystem Characterisation of the Bay of Bengal: Final Report | 183

nematodes and halacarids were present in the lower sediment layer. Since the majority of meiofauna
feed on bacteria and dead organic matter (DOM), availability of this material is a possible factor for the
limiting distribution of meiofauna in deeper sediment layers’ (Ingole 2005).

Key Species
A large number of fished species and top-level predators use this province to feed and possibly
reproduce, including marlin, large tuna, dolphin, large shark and large pelagic ray. Other key species
found in this province are sea turtles and several species of whale (a pygmy whale species, blue whale,
killer whale, Bryde’s whale, sperm whale).

Figure 7-80 Diagram of a tropical pelagic food web structure (from McKinnon et al. 2014).

7.18.4 TRANS‐BOUNDARY LINKAGES
The western Andaman Ridge boundary of this province restricts exchanges of deep-ocean waters
between the Bay of Bengal and the Andaman Sea, hence composition and dynamics of the deep ocean
are subject mainly to local surface exchanges. The predominantly easterly flow of surface currents
provides strong links between the Andaman Abyss Province and those to the east and south. Given the
occurrence of some level annual oceanic upwelling in this region of the Andaman Sea, it is possible that
it is used by a range of species as a seasonal feeding and/or spawning area. If the latter, recruits are
likely to be carried into the Mergui Terrace Slope, Myanmar Shelf, and possibly back into the Andaman
and Nicobar Ridge Province (depending on timing of larval development). Pelagic species that are likely
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to be transiting into this province to feed include whale shark, thresher shark, manta ray, dolphin and
whale. Migratory seabirds may also be using this region as a key transition point.
Benthic connectivity is subject to a complex range of bathymetric variability, making connectivity
difficult to predict, and likely to be dependent on the life cycles, behaviour and tolerances of species
involved. Species of deep-sea squid and the deep-sea lobster (Panulirus sewelli) have restricted
distributions towards the eastern side of the Andaman Sea.
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Figure 7-81 Illustration of the Andaman Abyss Province.
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7.19 Andaman and Nicobar Ridge Province

Figure 7-82 Andaman and Nicobar Ridge Province (outlined in red).

7.19.1 PROVINCE BOUNDARIES
The Andaman and Nicobar Ridge Province has borders with ten other provinces (Figure 6-6). Its margins
are primarily based on depth boundaries between the 2000 m ridge extents and major borders with
three abyssal habitats: Bay of Bengal Abyss and Cocos Abyss to the west and south-west and Andaman
Abyss to the east. This province also lies adjacent to another major ridge system, the Ninety East Ridge.
This border aligns with the separate orientations of these two ridge systems.
This province also has borders with four slope provinces, and two shelf provinces. Its southern boundary
is the South West Sumatran Slope. This boundary is largely a latitudinal one, reflecting the differences in
the impact of the strength of the monsoons and cyclonic activity (weaker in the south), the impact of
outflows from the Strait of Malacca, the impact of terrestrial input from Sumatra and other influences.
The Alcock Rise Slope and Irrawaddy Shelf provinces border along the north-eastern edge, reflecting the
major depth differences (and their influences on habitats and ecological communities). These shelf
provinces also have substantial terrestrial and freshwater influences compared to the Andaman and
Nicobar Ridge system.
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7.19.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The Andaman and Nicobar Ridge is a unique ocean ridge province bordered at its deepest extents at
2000 m depth. It forms a major physical barrier separating the deep waters of the Bay of Bengal from
the Andaman Sea.
This ridge resulted from a subduction zone created by ongoing convergence of two boundaries: the
Indo-Australian Plate and the Eurasian Plate. The forcing of the Indo-Australian Plate beneath the
Eurasian Plate has created a substantial geomorphic feature of high relief escarpments stretching from
this ridge system to south of the Javan coastline. Tectonic and volcanic activity associated with this
subduction process causes periodic earthquakes and tsunamis.

Figure 7-83 Geomorphology of the Andaman and Nicobar Ridge Province (outlined in red).
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This ridge system rises to form a series of 572 volcanic islands, with a land area of approximately
8073 km2. These islands are clustered into two main groups: the Andaman and the Nicobar chains.
These island chains are separated by a 10 degree channel and support a range of habitats including
rocky shores, sea caves and muddy bottoms.
Most of the islands are surrounded by insular shelf habitat (<200 m) (Figure 7-79). However, within
about 150 km of the ridge’s crest, the bathymetry returns to >2000 m (Anon. 2002). Along much of the
western border the province falls steeply to about 3000 m depth.
This ridge system is composed of a complex mosaic of geomorphological features, creating a range of
unique, connected habitats and complex oceanic dynamics (Figure 7-83). Beyond the islands, shelf
waters and associated sills, the dominant habitat type is continental slope with depth strata ranging
between 200 and 2000 m. These lie adjacent to basin or abyssal habitats along most sections of the
neighbouring provinces. However, these slope environments are interspersed with many other features
including numerous canyons, escarpments and deep basins (Figure 7-83).

Climate
The climate of this province is dominated by a reversing tropical monsoon. These are described in other
sections for neighbouring provinces (e.g. see Section 7.17, Andaman Abyss).
The islands within this province are subject to tropical, humid weather and little winter season
influence. The relative humidity is usually between 70 and 90% and air temperatures average 23 °C
(minimum) and 28 °C (maximum). Annual rainfall is about 3000 mm.

Oceanography
The oceanography of the Andaman and Nicobar Ridge is influenced by the Indian Ocean currents system
and the seasonal and cyclical equatorial wind patterns as described in Chapter 4 (Broadscale biophysical
drivers) and Section 7.23.2 (Mergui Terrace Slope). During the south-west monsoon, seasonal surface
currents flow from the Indian Ocean, via the Bay of Bengal, onto the Andaman and Nicobar Ridge and
into the Andaman Sea from June to August (Figure 4-8). During the north-east monsoon, currents also
flow across the ridge in a clockwise circulation, driven by circulation patterns within the Bay of Bengal
and currents exiting the Strait of Malacca (Figure 4-8). Current flow reverses once a year at shallow
depths, whereas in areas deeper than 200 m flow changes up to three times per year.
The currents running across the ridge interact with a range of geomorphological features and depth
changes. Canyons, escarpments and seamounts create changes in current dynamics, including current
speed, direction and associated resuspension of sediments and nutrients. Sills also occur on this ridge
feature between the islands, and along with volcanic seamounts. This complex topography, along with
strong ocean and tidal currents give rise to some of the largest internal waves in the Bay of Bengal. The
result is an area rich in internal wave excitations and complex soliton–soliton interactions (Anon. 2002).
These internal waves along with the upwelling events on the continental shelf have a critical effect on
productivity, temperature and salinity. Mean salinity ranges between 32 ppt and a summer maximum of
34.5. There is a relatively large tidal variation (2–7 m).
The Indian Ocean dipole phenomenon results in considerable variations in sea level from year to year.
This effect in conjunction with heavy rainfall events exposes the corals to low salinity and high levels of
solar radiation which can result in desiccation of corals (Hopley 2011).
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7.19.3 ECOLOGICAL ASSETS
Productivity Features
As described above, the geomorphology of this province and prevailing currents result in increased local
productivity at a range of depths and locations. Deep, nutrient-rich water upwells and exchanges as
monsoonal currents flow over the ridge in sill areas and against seamounts and other habitats. The
subsequent increase in primary productivity provides the basis for productive benthic and pelagic
communities. The coastal shallow waters also support primary production by way of zooxanthellae
associated with abundant coral reef communities (described below).
Oceanic primary productivity concentrations in this province have been recorded within the following
range: 17.9–109.7mg C/m3/hr. Mean concentrations of some of the major nutrients within this region
have also been measured as follows: silicate (2.3–10.04 µg/L), phosphate (0.2–1.0µg/L), nitrate (0.5–4.0
µg/L), nitrite (0.1–0.6 µg/L) and ammonia (0.6–2.1µg/L).

Habitats and Ecological Communities
The Andaman and Nicobar Ridge Province contains a complex mix of shallow and deep-water habitat
types resulting from diverse geomorphology and current interactions. The waters around the Andaman
Islands are considered to be one of the prominent biodiversity hotspots in the Indian Ocean. The
shallow island shelf habitats include diverse coral reefs (~8 km2) (Figure 7-84), comprising 424 species of
corals. The reefs to the west of the island chain are usually barrier reefs (up to 40 m deep), whereas the
reefs on the eastern side of the island are fringing reefs (Anon. 2002). Important coral habitat is also
located in deep water and subject to tectonic and volcanic activity (Figure 5-15).
There are 762 km2 of mangroves comprising 35 species (Figure 7-84). Nine species of seagrass also occur
here (Figure 7-84). These and other coastal habitats provide the structural basis for a very rich and
diverse fauna and flora, including more than 1200 species of fish, 350 species of echinoderm and 1000
species of mollusc. Dugongs, whales, saltwater crocodiles, sea turtles, sea snakes are also common in
these coastal waters. The island habitats are important nesting sites for turtles with as many as 1000
using the Andaman coast in huge numbers every year (Andrews 2000).
Canyons and escarpments are relatively abundant in the deeper waters and induce increased current
flows and subsequent resuspension of particulate organic matter. Their vertical walls provide substrate
for a diverse range of sessile benthic invertebrate communities which also benefit from any suspended
particulate matter in the water column. These sessile communities also support a range of benthic and
demersal fish and invertebrate species.
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Table 7-13 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Andaman and Nicobar Ridge Province.
HABITAT

ANDAMAN AND NICOBAR RIDGE PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

819.7

0.37

Mangrove

633.6

0.29

Seagrass

1646.2

0.74

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-84 Distribution of seagrass, mangrove and coral cover within the Andaman and Nicobar Ridge Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Key Species
The high productivity and diverse range of habitat types supports a wide range of fished species. These
include large pelagic fish (e.g. bigeye, yellowfin and skipjack tuna are dominant), bill fish, barracuda,
pelagic shark, large trevally), medium pelagic fish (e.g. mackerel, tuna, ribbon fish), small pelagics (e.g.
anchovy, sardine, herring), bentho-pelagic species (e.g. lutjanid perch, trevally, pomfret, sciaenids,
threadfin bream, mullet) and benthic species (e.g. stingray, catfish, flounder).
A range of benthic invertebrate species are also common, including commercially important including
penaeid shrimp and lobster species.
Threatened, endangered and protected fauna found in this province include species of whale, dolphin,
dugong, turtles (five species), whale shark and other sharks, sea cucumber, skate and ray, seahorse and
several gastropods.
Thirty species of endemic fishes have been recorded in this ridge province, including freshwater species.

7.19.4 TRANS‐BOUNDARY LINKAGES
Prevailing surface currents during the south-west monsoon bring oceanic water from the Bay of Bengal,
across the ridge province and into the Andaman Sea. During the north-east monsoon, a clockwise
circulation in the Andaman Sea receives water from the Bay of Bengal via the northern half of the
Andaman and Nicobar Ridge, but exchanges water from southern Andaman Sea into the Bay of Bengal
via the southern half of the province. During December to about March, this westerly flow usually
transports chlorophyll plumes from the Strait of Malacca and the northern Sumatran shelf and slope
through this ridge province and into the Bay of Bengal. These cross-shelf processes are also important to
sediment, larvae and particulate transport throughout most of the provinces to the east of the
Andaman and Nicobar Ridge, although little is known of these dynamics for most species.
The coastal sector of the Andaman Islands has a free interchange of water supporting a rich immigrant
faunal assemblage. However, the sheltered coral reef ecosystem of the Andaman Sea also promotes
speciation and endemism, as evidenced by the occurrence of the two new species not found outside
this area of the Bay of Bengal (Nair et al. 2008).
The province is an important transit region for a range of key migratory species including those
mentioned in ‘key species’, above.
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Figure 7-85 Illustration of the Andaman and Nicobar Ridge Province.
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7.20 North West Myanmar Shelf Province

Figure 7-86 North West Myanmar Shelf Province (outlined in red).

7.20.1 PROVINCE BOUNDARIES
Along its coastline, the North West Myanmar Shelf Province borders the extensive forest ranges of
western Myanmar. It is divided from Bangladesh and the Ganges Shelf by the Naff River at the northern
boundary (Figure 7-86). This northern boundary is approximately the eastern extent of the influence of
outflows from the Ganges River, which spread along the shelf. The southern boundary is located just
north of Cape Negaris at the south-western end of Myanmar. It separates the shelf waters of the
province from the confluence of the surface waters of the Bay of Bengal and the Andaman Sea in the
south. At the western boundary, water mass exchanges take place with the central deep-ocean Bay of
Bengal and the North West Myanmar Slope Province. The unique environment, diverse habitat
structure, the presence of coral species and relatively low exploitation strongly differentiates this
province from its neighbours.
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The province comprises a unique and diverse range of coastal habitats: deltas, lagoons, mudflats,
volcanic mounds and islands, drowned valleys and offshore islands. These are under the influence of
seasonal riverine outflows and sediments from western Myanmar.

7.20.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The North West Myanmar Shelf and Slope provinces are part of the West Burma Scarp (Nielsen et al.
2004) which extends from the northern boundary of this province past the southern boundary to about
14oN. The shelf width of the North West Myanmar Shelf Province varies from approximately 70 - 90 km
in the northern portion and narrows down to 25 - 40 km in the southern portion (Figure 7-87).

Figure 7-87 Geomorphology of the North West Myanmar Shelf Province (outlined in red).
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Figure 7-88 Location of Cheduba Island magnified (left image) in relation to where it is broadly located on the
North West Myanmar Shelf (right image). (Images taken from Google Earth.)

The Cheduba Island (18o40'–18o54'N, see Figure 7-88) effectively ‘chokes’ the shelf and funnels water
and species flow around the island. The choking action could also lead to more rapid coastal current
flows around the island from the funnelling effect. Similarly, southerly flows would be enhanced,
whereas northerly flow would decelerate upon entering the wider shelf. This leads us to postulate that
at times, a frontal zone may exist at the boundary between the wider northern and narrower southern
segments of the province. Thus sub-provinces are likely to the north and south of this location.
North of Cheduba Island, in the northern portion of the province, the coastline is highly fragmented and
low-lying, with evidence in Google Earth imagery of silty outflows at the mouth of the delta systems. A
number of small conical islands are also dotted in this segment of the province. The environment and
presumably habitats in the northern portion would appear to be more diverse than those in the south.
The southern section of North West Myanmar Shelf was shaped by the so-called Watthe Avalanche
(Nielsen et al. 2004) which led to the collapse of the shelf (see Figure 7-89). The northern location of the
avalanche is a potential boundary for another sub-province demarcation which should be confirmed by
further studies of the environmental changes brought about by this event.

Climate
The prevailing south-west monsoon influences this province through cyclonic winds and rainfall that
flow off the coastal highland resulting in swift-flowing coastal rivers that discharge into the coastal zone.
Intense cyclone activity occurs every two to three years. Wind direction and intensity influence the
direction of coastal currents and potential for upwelling which is enhanced during south-easterly winds.

Oceanography
The oceanography of North West Myanmar Shelf Province is influenced by the seasonally reversing
circulation within the Andaman Sea and the seasonal surface currents within the Bay of Bengal (Figure
4-4 and Figure 4-8). At the abrupt change in shelf width around the Cheduba Island, deceleration and
acceleration of flows is expected to cause mixing and disruption to along-shelf transport processes.
Further, complex circulation processes are expected in the highly fragmented northern coast. Upwelling
and fisheries hotspots are possible in the lee of flow around islands where mixing, upwelling and
resuspension of bottom sediments may enhance productivity. The steep shelf break is also likely to be
the site of upwelling and intense frontal processes that need to be investigated.
The province is in a tsunami-prone area. Salinity drops to 18 ppt during the wet season of the southwest monsoon from May to October, and it rises to 34 ppt during the dry season of the north-east
monsoon from November to April.
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Figure 7-89 The Watthe Avalanche and its debris cone – from Nielsen et al. (2004): ‘Mud volcanoes are in grey,
black dotted lines are normal faults, black line is the strike-slip fault that generated the avalanche, and grey
dotted lines are fold axis. Bathymetric data are contoured every 20 m.’

7.20.1 ECOLOGICAL ASSETS
Productivity Features
Productivity is influenced by the monsoons and by cyclonic activity. Local upwelling occurs in the dry
season (Nov. to April), and during this period organic production is high. Turbidity is low, but satellite
ocean colour images appear to show high chlorophyll which may be due to the effect of bottom
reflection. Offshore of Cheduba chlorophyll concentrations Island shows a peak in February. The
province is likely to be an area of unique habitats and endemic communities, but also a region of
productive fisheries.

Habitats and Ecological Communities
There are a wide range of habitats and ecological communities in this province. The major habitats
include mangrove communities dominated by Rhizophora, Sonneratia, Avicennia, Bruguiera and
Xylocarpus species in shallow muddy coastal and sheltered areas. There are extensive mudflats, sandy
beaches and delta systems along the coast. Seagrass is found in shallow coastal areas and extensive
seagrass beds are found in Gwa and Maung–Shwe–Lay-Gyaing (in the Rakhine state part of North West
Myanmar Shelf). There are also coral reefs with 51 species belonging to 20 families and 30 genera.
Unique features in this province are the isolated conical islands and other niche habitats and associated
ecological communities along the fragmented and complex coastline of the north.
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Table 7-14 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the North West Myanmar Shelf Province.
HABITAT

NORTH WEST MYANMAR SHELF PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

382.0

1.36

Mangrove

1410.6

5.03

Seagrass

2208.1

7.87

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-90 Distribution of seagrass, mangrove and coral cover within the North West Myanmar Shelf province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Functional groups and examples of species in this province include the tunas, mackerel (Rastelliger
spp.), sardine (Sardinella spp.), anchovies (Stolephorus spp.) in pelagic habitats (FAO 2006). In demersal
habitats, mackerel (Rastrelliger brachysoma), penaeid shrimps, marine catfish, jewfish, blue line
threadfin (Scolopsis monogramma), emperors (Lethrinus sp.), white-tipped shark and swordfish are
common. Benthic species include moray eels and stingrays.
At present, due to a lack of technology and human resources, the above-mentioned species are thought
to be under-exploited. The diverse habitats and environment as well as the unexploited status of the
province present a unique opportunity to explore and map this region to aid future management and
development.

Key Species
Species present for this region include: hilsa, shrimp, barramundi, red snapper, pomfret, scad, yellow fin
tuna, tongol tuna, eastern little tuna, frigate tuna, threadfin bream, Indian mackerel, Indo-Pacific
mackerel, anchovy, sardine, lizard fish, big eye, round scad, trevally, squid, mud crab, mangrove crab,
mangrove birds.
There is a total of 161 species which can be grouped as follows: 98 finfish, 23 shrimp and prawn,
13 crab, 11 molluscs, three echinoderms and four other crustaceans. At least nine species remain
unidentified from the Naff River.
Endangered and protected species in the province include five species of turtle (green, olive ridley,
hawksbill, loggerhead and leatherback), dugong, whale shark, estuarine crocodile (Crocodylus porosus)
and a range of corals.

7.20.1 TRANS‐BOUNDARY LINKAGES
Several species migrate from the waters of Bangladesh (Ganges Shelf) to North West Myanmar Shelf
and vice versa. However, this province lies between provinces that are subject to the influence of strong
riverine and sediment outflows: the Ganges to the north and the Irrawaddy to the south. There is a clear
need to explore the presence of endemics in this region.
The influence of the Naff (Naf) River, at the border between Myanmar and Bangladesh, is present across
this province and the Ganges Shelf Province. The river supports abundant shrimp populations, prawn
farms and fish breeding grounds. The border between the two countries appears to run down the
central axis of the river, raising issues for trans-boundary management of the river, its fauna and its
outflows.
Many of the ‘key species’ named above are highly migratory and co-exist between this province and a
range of other regions and jurisdictions in the Andaman Sea (and in some cases, beyond). This includes
both adult and juvenile of larval forms of these animals. Consequently, the long term sustainability of
most of these will require a co-ordinated and well managed planning and implementation process.
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Figure 7-91 Illustration of the North West Myanmar Shelf Province.
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7.21 North West Myanmar Slope Province

Figure 7-92 North West Myanmar Slope Province (outlined in red).

7.21.1 PROVINCE BOUNDARIES
Along its eastern boundary, the North West Myanmar Slope Province borders the North West Myanmar
Shelf Province (Figure 7-92). It is divided from Bangladesh and the Ganges Slope Province by the Naff
River at the northern boundary. This northern boundary experiences exchanges with the Ganges Slope
Province. The southern boundary is located just north of Cape Negaris at the south-western end of
Myanmar. It separates the slope waters of the province from the confluence of the deep waters of the
Bay of Bengal and the Andaman Sea in the south. At the western boundary, water mass exchanges take
place with the Bay of Bengal Abyss.
The slope province is of variable width and slope angle: narrow and steep in the far south but abruptly
widening furthering north, before narrowing again just south of Cheduba Island.
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7.21.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
Diverse geomorphological features are found in this province, including canyons, active faults and folds,
debris fields and flow deposited from canyons, mud volcanoes, seamounts, escarpments, basins,
plateaus, rises, shelf valleys, abyssal hills and avalanche blocks (on the Bay of Bengal Abyss at the foot of
the slope) (Figure 7-92). Escarpments, rises, and canyons are the predominant geomorphs in this
province (Figure 7-93).
The province is located near the Sunda–Andaman trench and sections across the shelf-slope show the
presence of a narrow and unusually sharp slope break (Nielsen et al. 2004). Deformation is present at
the northern tip of the Sunda trench in the form of giant landslides and active bending of the normal
fault at the termination of the Sumatra earthquake rupture (Rangin et al. 2006). Remobilisation of
sediments from the 2004 tsunami is apparent (Rangin et al. 2006).

Figure 7-93 Geomorphology of the North West Myanmar Slope Province (outlined in red).
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Climate
The prevailing south-west monsoon influences this province through cyclonic winds and rainfall that
drive the currents, sedimentary and upwelling processes in the adjoining North West Myanmar shelf
province (which then flow onto this province). Intense cyclone activity occurs every two to three years,
which will affect exchanges with the shelf province and with the deeper waters through intensified
currents, eddies and internal waves and tides impinging on the continental slope. The steepness of the
slope and presence of canyons is likely to lead to strong interaction between the oceanographic
processes and mixing at the surface and at depth along the axis of canyons. During south-easterly
winds, upwelling at the shelf-break may be enhanced caused by Ekman drift of surface waters offshore.
The upwelling is likely to be enhanced at the head of the canyons.

Oceanography
The oceanography of this province is influenced by the seasonally reversing circulation within the
Andaman Sea and the seasonal surface currents within the Bay of Bengal (Figure 4-4 and Figure 4-8).
Defining features of this province include turbidity currents and avalanches carrying sediments to the
lower slope. The environment appears to be tectonically active and contains natural hydrocarbon
deposits. This fragmented environment creates complex flow regimes when currents interact with the
seafloor bathymetry, which has implications for dispersal and retention of the organisms inhabiting it,
as well as eggs and larvae that may drift by.
As described above, south-westerly winds (and southerly winds) may enhance upwelling and mixing of
surface shelf waters with surface slope waters. Reversing the winds will also reverse the flows so that
surface slope water will be forced onto the shelf, causing some downwelling at the shelf break and a
buildup of the cross-shelf pressure which will drive a coastal current in the direction of the wind.

7.21.1 ECOLOGICAL ASSETS
Productivity Features
Major potential sites of productivity are along the upper slope and at the shelf-break front. Upwelling
and downwelling processes within canyons will transport sediments towards deeper waters and enrich
surface waters with nutrients from the deep. There is potential for current systems and eddies along the
shelf-slope boundary; in particular, at choke-point locations such as Cheduba Island, where the
funnelling effect can intensify currents, leading to more mixing and closer interactions between species.

Habitats and Ecological Communities
Diverse ecological communities exist in this province. Among these, the pelagic community includes
tuna (yellowfin, tongol, eastern little, frigate), Indian mackerel and marlin species. These pelagic species
tend to aggregate at sites of upwelling. The deep-sea demersal and benthic communities are known to
include fish (Pristedon weberi, Cholorophathalmus sp., Palinurichtus pringiei), shrimp (Heterocarpus
woodmasoni, Parapandalus spinipes) and the lobster (Puerulus sewelli). Planktonic filter-feeding
communities are found on the upper slope. Scavenging communities reside within canyons along the
sides and axis, and at the foot of the slope. Infauna communities occur within the debris field and mud
volcano neighbourhoods.

Key Species
The threatened and protected species found in the province include five turtle species (green, olive
ridley, hawksbill, loggerhead and leatherback) and blue whale.
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7.21.2 TRANS‐BOUNDARY LINKAGES
The environment of this slope province stands in stark contrast to the muddy delta-influenced slope
environments of the Ganges Slope Province to the north and the Alcock Rise Slope Province south of the
Irrawaddy Delta. As such, deep-water species in this province may be relatively isolated. Exploratory
studies should be conducted to determine the level of species exchange and endemism.
There may be some restriction to the exchange with the offshore waters of the Andaman Sea (the
Alcock Rise Province) due to a restricted passage south of the south-western tip of Myanmar and off the
shelf. This may in turn restrict the movement and exchanges of species with this province. There is less
restriction to species exchanges with the Ganges Slope Province.
The interaction with the North West Myanmar Shelf Province occurs through the flow of sediments and
materials from the shelf and along canyons and channels running from the shelf edge down the slope.
These processes in turn carry sediments and materials via turbidity currents and avalanches to the foot
of the slope and into the deep-sea environment of the Bay of Bengal Abyss. In the water column (the
pelagic realm), the shelf-break front will extend out at the surface onto the slope environment. As this
front is a major aggregation site for fine sediment, numerous plankton, invertebrate and pelagic
species, the rain of material is a key supply of organic and inorganic matter to the seafloor of the slope.
There is a confluence of environments and species in the south where waters of this province mix with
those from the Bay of Bengal and the Andaman Sea. This exchange is a key process affecting species
movement between the provinces of the Andaman and Nicobar Ridge and the Irrawaddy Shelf
provinces.
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Figure 7-94 Illustration of the North West Myanmar Slope Province.
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7.22 Myanmar Shelf Province

Figure 7-95 Myanmar Shelf Province (outlined in red).

7.22.1 PROVINCE BOUNDARIES
The Myanmar Shelf Province is uniquely identified by the many offshore islands and highly fragmented
coastline (Figure 7-95), which creates a diverse array of habitat types. It is therefore likely to be an area
of high diversity and ecological importance. The offshore boundary of the province is shared with the
Mergui Terrace Slope Province, an unusually wide slope province of the Andaman Sea. It is bounded by
the Irrawaddy Shelf Province in the north and the Strait of Malacca Shelf Province in the south.
The northern and southern boundaries were placed at approximate locations where the shelf
environment transitions from being dominated by offshore islands to smoother seafloor. The gradation
of freshwater and sedimentary influence from the north and Strait of Malacca waters in the south,
combined with the diversity of coastal and offshore habitats creates environments suited to a wide
variety of species and communities. The area is world renowned amongst tourists as a diving
destination. It is also an area of interest to researchers due to its unique environment.
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7.22.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The province spans approximately 600 km of the Myeik Peninsula in the Andaman Sea and extends to
the southernmost tip of Myanmar (Figure 7-95). It comprises more than 804 scattered, relatively
pristine islands composed of limestone and granite. The coastline is highly fractured and contains delta
systems that are relatively uninhabited. These islands are covered in rainforest and geomorphic features
found along the coastline including beaches, rocky headlands, mangroves, mudflats, coral reefs, huge
boulders, soft corals and sea fans. Tourist attractions include huge boulders, soft corals, sea fans, wall
diving, caverns, tunnels and drop-offs.

Figure 7-96 Geomorphology of the Myanmar Shelf Province (outlined in red).
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Climate
The prevailing south-west monsoon influences this province through cyclonic winds and rainfall that
flow off the coastal highland result in swift flowing coastal rivers that discharge into the coastal zone.
Intense cyclone activity occurs every two to three years. Occasional hurricanes occur during May to
June, and the rainy season is from July to October. Warm sunny conditions with light winds prevail from
December to February, with March and April having clear water and calm winds. From May to July the
winds are onshore and there are larger swells. See sections on adjoining provinces for additional
information on climate of this region.

Oceanography
The oceanography of this province is influenced by the seasonally reversing circulation within the
Andaman Sea (Figure 4-4 and Figure 4-8). There is a persistent boundary current in the Andaman Sea
that flows southwards along the coast during the south-west monsoon and northwards during the
north-east monsoon (Chapter 4).The province remains relatively unexplored but a few research
expeditions have been conducted.
The dense distribution of islands provides numerous bays and complex coastal topography. This reflects
the dissipation of ocean current energy as they propagate around the numerous islands. Islands at the
offshore limits are likely to bear the brunt of this energy dissipation while energy levels may be low in
the inshore regions leading to accretion of sediments and mud. The spectrum of oceanographic and
geologic processes provides a rich gradient of habitat types suited to a diverse range of species.

7.22.3 ECOLOGICAL ASSETS
Productivity Features
Not a lot has been published about the productivity features of this province. Near-shore areas are
more productive than offshore suggesting that nutrient sources are primarily from terrestrial outflows.
This may also reflect the constraints on inshore-offshore exchange due to the density of islands and
restricted passages for flow. Recycling processes may also be high at near shore sites due to this
restriction and hence benthic productivity is likely to be driven by high microbial recycling processes.

Habitats and Ecological Communities
This province has a large diversity of habitats and ecological communities, including substantial areas of
mangrove forests, coral reefs and seagrass beds (Figure 7-97 and Table 7-15). There have been 67
species of mangrove, an estimated 300 species of hard coral and 10 species of seagrasses recorded
(Soe-htun et al. 2001; Novak et al. 2009). One of the most diverse regions is protected within the Lampi
Island Marine National Park and ASEAN Heritage Site. This area contains diverse flora and fauna
(number of species in brackets): phytoplankton (136), zooplankton (47), seagrass (11), seaweed (24),
brown algae (9), red algae (38), molluscs (50), bivalves (41) and crustaceans (42). There are two
protected areas where whale sharks are found (Figure 7-98).
Benthic fauna include arrow worms, larvaceans (appendicularians), siphonophores, chondrophores and
decapods. Benthic macrofauna comprise species from the following groups: Annelida, Crustacea,
Mollusca, Echinodermata, Pisces, Protochordata, Echiurida, Bryozoa, Platyhelminthes, Nematoda,
Protozoa, Sipunculida, Nematenea, Ctenophora, Cnidaria and Porifera. Demersal fauna comprises
species of jellyfish (white and red), horseshoe crab, shrimp, crab, mantis shrimp, squid, echinoderm,
snapper, grouper and deep sea shark (Squalus spp and Centrophorus spp). Pelagic fauna comprises of
hilsa, Indian mackerel, , tuna, other scombrids, marlin, anchovy, sardine, other clupeids, squid, jellyfish
and pomfrets.
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Table 7-15 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Myanmar Shelf Province.
HABITAT
2

AREA (KM )

MYANMAR SHELF PROVINCE
PERCENT COVER

Coral

294.7

0.38

Mangrove

2781.3

3.54

Seagrass

938.8

1.20

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-97 Distribution of seagrass, mangrove and coral cover within the Myanmar Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Key Species
Diverse fauna are fished in this province including sea cucumber, molluscs, spiny lobster, pearl farming
and many fish species. The fish catch comprises scads, groupers, snappers, Indian mackerel, tunas and
sardines. The province also contains a high diversity of sharks and ray species with 32 species from 8
families, including whale shark. The Lampi Island Marine National Park contains 113 fish species in 62
families.

Figure 7-98 Locations of the two whale shark protected areas: Ross Island group (left) and Lampi Island Marine
National Park and ASEAN Heritage Site.

Threatened and protected species in this province include dugong, finless porpoise, whale sharks, fivefinger threadfin, spotted croaker, five species of turtle (green, olive ridley, hawksbill, loggerhead and
leatherback), whales including Longman’s beaked whale – Indopacetus pacificus and Bryde's whale, six
species of dolphin (Indo-Pacific humpbacked dolphin, long-beaked dolphin, long-snouted dolphin,
spinner dolphin, bottlenose dolphin, Ayeyarwady (Irrawaddy) dolphin), seahorse (various species), coral
(various species).

7.22.4 TRANS‐BOUNDARY LINKAGES
Most fishery species caught in this Province including small pelagic species such as Indian mackerel,
which are shared between Myanmar and Thailand. Turtles and Dugongs are shared between Myanmar,
Thailand and India. Whale sharks, sea turtles and many large pelagic fish are also known to migrate
between several of the jurisdictions within the Bay of Bengal. Of the three key habitats, coral larvae are
probably the only ones drifting across the region and potentially mixing with colonies in Thailand, India
and Indonesia.
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Figure 7-99 Illustration of the Myanmar Shelf Province.
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7.23 Mergui Terrace Slope Province

Figure 7-100 Mergui Terrace Slope Province (outlined in red).

7.23.1 PROVINCE BOUNDARIES
The Mergui Terrace Slope Province (Figure 7-100) is the largest eastern and southern slope province of
the Andaman Sea. It lies offshore from the Myanmar Shelf and Strait of Malacca Shelf provinces to the
east, and the Aceh-Northern Sumatran and South West Sumatran Shelf provinces to the south. Its
northern boundary butts against the Alcock Rise Slope Province and to the west is the deeper Andaman
Abyss Province. The east–west extent of this province varies from approximately 70 km in the north to
200 km in the south. As its name suggests, its western boundaries are defined by the extent of the deep
submerged terrace.

212 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

7.23.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
This slope province is shallowest along its eastern edge and centrally and deepest along its western
edge and south-western corner. It grades steeply from 200 to 2000 m along its northern boundary.
Further south, the 200 to 500 m depth zone becomes wider, until the southern half of the province
where there is a consistent deepening from about 500 m to >1000 m (Figure 4-1). There is a steep
gradation from the western slope edge into the Andaman Sea basin (Andaman Abyss Province) along
most of Mergui Terrace Slope Province boundary.
The majority of this province is dominated by a relatively gently grading slope environment from 200 m
to >1000 m. The depth changes and likely differences in sediment composition and pelagic productivity
influence pelagic and benthic communities across these depth gradients. However, a range of other
substantially different habitat types also occur in this province, driven by several bathymetric and
geomorphological features.

Figure 7-101 Geomorphology of the Mergui Terrace Slope Province (outlined in red).
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The broad slope environment is interspersed with a number of bridge features, especially in the
northern half of the province. These appear to partially infill trenches and troughs (Harris et al. 2012).
The western edge of the province is defined by a steep gradient where the slope environment falls away
relatively sharply from approximately 1000 m to >2000 m into the Andaman Abyss Province. Along this
edge is a series of deep-sea canyons and in the south-west corner of the province are steeply sloping
escarpments (Figure 7-101).

Climate
As with most of this region, the Mergui Terrace Slope Province is dominated by a tropical monsoonal
climate. The north-east winter monsoon brings cold, dry air from November to April, whereas the
south-west summer monsoon brings warm, moist air from May to October. Surface water temperatures
vary between a monthly average of about 30 oC in summer to about 27.5 oC in winter. These drop off
with depth to about 5 oC at 2000 m.

Oceanography
The oceanography in the Andaman Sea is influenced by the Indian Ocean current system and the
seasonal and cyclical equatorial wind patterns as described in Chapter 4. The dominant upper-ocean
currents in the Andaman Sea are cyclonic during spring and early summer and anticyclonic for the rest
of the year (Potemra et al. 1991). Between March and July, surface currents from the Bay of Bengal
enter the Andaman Sea south of the Nicobar Islands and flow in a counterclockwise direction to exit
south of the Andaman Islands (Potemra et al. 1991). This pattern reverses for the rest of the year.
During both the seasons the interior of the Andaman Sea shows several meso-scale eddies similar to
that of the interior of the Bay of Bengal (Figure 4-8).
The most consistent current in the Andaman Sea is the inflow through the Strait of Malacca, averaging
around 1.3 to 2 kn through the year. The monsoons control the currents elsewhere, driving inflow of
waters from the Bay of Bengal into the north Andaman Sea during the winter north-east monsoon, and
through the channels of the Andaman and Nicobar Ridge from during the south-west monsoon as well
as other times of year (Figure 4-8). This also pushes the Malaccan inflow against the Sumatran coast and
forces some Andaman Sea water through the Strait of Malacca. When these winds abate, southwestward currents gradually form, and are maintained and enhanced by the north-east monsoon from
December through February. A more sudden shift is seen from March through May when the southwest monsoon begins. The depth of these currents also varies seasonally and reflects seasonal current
direction and the complex bathymetry of the Andaman Sea.
Internal solitary waves of substantial amplitude (>60 m), wavelength (6–15 km) and speed (>2.0 m/s)
occur in this region (Anon. 2002). Tidal range is up to 4 m.

7.23.3 ECOLOGICAL ASSETS
Productivity Features
Productivity in this largely oligotrophic province is most strongly influenced by the flow of relatively high
productivity water from the Strait of Malacca in the south during the north-east monsoon (see Section
7.24.3 - Strait of Malacca), and to a lesser extent off the Myanmar shelf during this same period. The
latter is due to increased river runoff that brings nutrients and sediments onto the shelf and the Mergui
Terrace Slope Province in its most easterly regions. However, evidence from slow, long-term deposition
rates onto the seabed in this region and low clay content suggest that this slope region is a relatively
low productivity environment. This is likely to be due to: 1) the depletion of nutrients and related
primary production from these coastal sources undergoing constant depletion in their passage to this
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Table 7-16 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Mergui Terrace Slope Province.
HABITAT

MERGUI TERRACE SLOPE PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

0.7

0.00

Mangrove

0.0

0.00

Seagrass

0.0

0.00

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-102 Distribution of seagrass, mangrove and coral cover within the Mergui Terrace Slope Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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more offshore region, and 2) the relatively oligotrophic conditions that prevail in this tropical sea
environment.

Habitats and Ecological Communities
Deep water coral communities are found on the slope associated with Island of Weh in the south-west
of the province (Table 7-16 and Figure 7-102).
The ecological communities in this province range between the pelagic open water species to a variety
of benthic communities. The latter are poorly known but will vary substantially between a range of
depth-based zones on the smoother regions of the seabed, which make up the majority of the region, to
more diverse communities associated with the steeper and potentially harder substrate habitats
associated with canyons and escarpments.
Pelagic communities are most abundant in the epipelagic and mesopelagic zones where photosynthesisbased primary production has its largest influence on the food web. Species groups are known from
fished resources and include large pelagic fish (marlin, tuna, shark, trevally, pelagic ray etc.), which feed
on smaller species of pelagic fish, and invertebrates of a range of sizes (Figure 7-103). The smaller
species will include small tuna and mackerel, sardine, anchovy and mesopelagic species such as
myctophids, squid and juvenile fishes of many species.
Billfishes

Tuna (adult)

Tuna (adult)

Large sharks

Small and juvenile tunas and mackerels

Cephalopods
Flyingfishes and needlefishes

Larval fish
& crustaceans
Micronekton
Epipelagic “baitfishes”

Zooplankton

Figure 7-103 Diagramatic representation of an offshore pelagic food web (courtesy of Dr Jock Young, CSIRO).

The smooth, soft, muddy, deep-water benthic habitats have poorly known ecological communities. They
are likely to include a diverse array of meiofaunal and microorganisms, and epi-and in- faunal species
that rely on deposit-feeding strategies habitats (photo example, Figure 7-104). This is derived largely
from particulate organic matter from the upper surface layers and is described in more detail in the
South West Sumatran Slope section (see Section 7.27.3).
Ecological communities associated with some parts of the canyon and escarpment habitats tend to be
unique compared to the smooth and flat seabed areas. Canyons and escarpments generally have more
vertical, hard substrates where sediment does not accumulate and where current strengths can be
relatively high. Hard substrates offer attachment opportunities for a range of sessile invertebrates and
current flows can create resuspended organic matter that provides a relatively rich food source. Hence,
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unique and diverse macro-benthic communities are often associated with these features, as described
in more detail in the South West Sumatran Slope section (see 7.27.3).

Figure 7-104 Photo of the Mergui Terrace Slope Province sea bed at 310 m depth and showing benthic
organismsincluding a fish, an echinoderm, and a sponge (from Lamont-Doherty voyage, May, 1969, station 378).

Key Species
This province provides habitat for a range of threatened, endangered and protected species including
five species of turtle (green, olive ridley, hawksbill, loggerhead and leatherback), whale species
(including Longman’s beaked, sperm and humpback) and dolphin species.
Key fished species in this province are described above.

7.23.4 TRANS‐BOUNDARY LINKAGES
This offshore province has ecological connections in its pelagic realm through transport of ocean
currents and related productivity influxes, particularly from the adjacent coastal regions. A range of
large species also migrate between this region and others within the Andaman Sea and Bay of Bengal.
These include large fishes such as marlin, tuna and shark (including whale shark), as well as turtles and
whales. Highly migratory seabirds also use this region.
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Figure 7-105 Illustration of the Mergui Terrace Slope Province.
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7.24 Strait of Malacca Shelf Province
7.24.1 PROVINCE BOUNDARIES
The Strait of Malacca Shelf Province is a shelf province bounded by Sumatra in the west, Peninsular
Malaysia in the east, a wide boundary shared with the Andaman Sea in the north-west, and a narrow
boundary linking the Indian and Pacific Oceans in the south (Figure 7-106). The north-west to south-east
length of the province is about 850 km and its width varies from about 8 to 300 km (Freeman 2003). The
north-western boundary is defined by the 200 m isobath as it drops away to the Mergui Terrace.

Figure 7-106 Strait of Malacca Shelf Province (outlined in red).
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7.24.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
This province varies in depth from less than 10 m in much of the south-eastern half, and grading to the
200 m shelf edge in the north-west. Depth also decreases towards the coastline along both coasts. The
average depth in the strait is about 53 m.
The bottom sediments are dominated by muddy sands, with large areas of sandy mud occurring in the
vicinity of river mouths and in the north-west (Keller and Richards 2006). The shallow south-east has
many sandbars dispersed amongst deeper muddier habitats. Constant dredging activity to keep
shipping routes open increases the proportion of finer muddier substrates, especially in the central and
southern areas of the province. Shelf valleys are a unique feature of this province. These are more than
10 m deeper than the surrounding shelf depth and more than 10 km in length (Figure 7-107; Harris
2014). There are large-shelled mollusc populations in areas of the strait. Calcium carbonate sediments,
primarily composed of mollusc shells and foraminiferal tests, are also found in some areas.

Figure 7-107 Geomorphology of the Strait of Malacca Shelf Province (outlined in red).

220 | An Ecosystem Characterisation of the Bay of Bengal: Final Report

Climate
The Strait of Malacca Shelf Province is influenced by the drier south-west monsoon (May–August) and
the wet north-easterly winds during the north-east monsoon (November–February) (Wyrtki 1961; Tan
et al. 2006). As with neighbouring provinces, there is little large-scale storm or cyclonic activity.
Temperatures are constant year round, with daily highs between 29 and 31°C, and daily lows between
23 and 24°C. Winds are moderate in both seasons (averaging 5–10 kn, but reaching 20–25 kn), but from
reversed directions (Figure 7-113).

Oceanography
Due to the complexity of this region, the circulation within the Strait of Malacca is caused by a
combination tides, heat flux and seasonal winds (Rizal et al. 2012). Tides vary within the province. In the
middle of the strait, tides are mixed but prevailing semidiurnal, whereas in the southern part of the
strait they are semidiurnal.
An essentially tidal north-west current flow prevails in the strait throughout the year (Keller and
Richards 2006) (Figure 7-114), but can flow in both directions depending on season and sea-level
differences between the south-east and north-west entrances. Current flows range from 0.09 to 0.74 m/s
and are stronger in the northern region than in the south. The shallowness of the strait prevents
substantial through flow and active exchanges between waters at opposing ends. This also results in
well-mixed waters through most of the province, with the exception of the deeper waters in the
northern region (Amiruddin et al. 2011).
During the south-west monsoon, south-westerly winds force an intrusion of high salinity surface water
from the Andaman Sea (Ibrahim and Yanagi 2006). This drives a south-easterly flow of this water into
the northern Strait of Malacca, but reverses to the north-west direction near the northern tip of
Sumatra (Figure 4-8). During the north-east monsoon, these flows reverse and in the southern Strait of
Malacca there is a strong influence from waters intruding from the South China Sea (Ibrahim and Yanagi
2006; Pang and Tkalich 2003).
During the north-east monsoon, there are strong influences of river discharges from both the
Indonesian side (Sumatra) and the west coast of Peninsular Malaysia (Chua et al. 1997). River inputs
also make a major contribution to the province as a habitat for marine communities. River flow
continues year round delivering an average of 93.5 m3 of freshwater annually. These flows bring
nutrients, suspended solids and low salinity water, which influence ecological processes including
primary productivity and avoidance by species that have narrow salinity tolerances. Salinities in the
Strait of Malacca Shelf Province range from 27.6 to 33.5 ppt (mean 31.6), and dissolved oxygen ranges
from 4.1 to 7.7 mg/L (mean of 6.1) (Musse Gabobe 2004 – PhD thesis). Water temperatures range
between 28 and 31°C in the upper mixed layer, with the minimums during July and August (Masrikat
2003).

7.24.3 ECOLOGICAL ASSETS
Productivity Features
Moderate to high levels of primary production appear to persist in the Strait of Malacca Shelf Province,
averaging ~1 mg/m3 and reaching 2 mg/m3. This is due to a combination of features including: (i) high
concentrations of chlorophyll-a influx from the southern entrance, (ii) flushing of nutrients and organic
particles from river runoff, (iii) a highly productive benthic boundary layer and (iv) a well-mixed water
column throughout most of the province.
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Chlorophyll-a concentrations also vary within the province, seasonally and inter-annually.
Concentrations are highest during the north-east monsoon. The main causes of the seasonality are
wind-driven vertical mixing in the northern region and wind-driven coastal upwelling and possibly river
discharges in the middle region. From January to March, a wide plume of chlorophyll appears to flow
from the north-eastern region of this province across to the north-west then into the Andaman Sea
(Siswanto and Tanaka 2014).
Chlorophyll-a concentrations also showed a significant negative correlation with sea surface
temperature (SST). This contradicts the basic tenet of temperature-dependent phytoplankton growth.
However, this may be indicative of nutrient-limited phytoplankton growth (Siswanto and Tanaka 2014)
or that colder water from below the thermocline has provided the nutrient base for high productivity
during upwelling events.
The southern region showed the largest inter-annual variation in chlorophyll-a concentrations. These
are associated with the El Niño Southern Oscillation (ENSO) and river runoff. Inter-annual variations of
chlorophyll-a in the middle and northern regions were more responsive to the Indian Ocean Dipole and
ENSO respectively, with atmospheric deposition being the most important driver. The most significant
decadal-scale trend of increasing chlorophyll-a was in the southern region. This trend was moderate in
the middle region (Siswanto and Tanaka 2014).
As with most shelf provinces, the shallow sections can provide a highly productive benthic boundary
layer (Edmond et al. 1979; Broecker et al. 1980). This layer occurs along most of this province where a
nutrient-rich benthic mixed photic zone exists (<100 m).

Habitats and Ecological Communities
Benthic habitats within the Strait of Malacca Shelf Province are dominated in area by muddy-sand and
sandy-mud substrates. These support substantial mangrove communities along large sections of the
coastline, most extensively in the north-east; and areas of seagrass, most extensively in the south-east
(Figure 7-108). The most common species of mangrove are Rhizophora apiculata, Avicennia marina and
A. alba.
In deeper waters, the benthic and bentho-pelagic communities include commercially valuable penaeid
shrimps, squid and a range of exploited fish such as silver pompret, threadfin, small tuna and mackerel.
Many other fish and elasmobranch groups are also found there including stingray, priacanthids,
lizardfish, leiognathids, Upeneus spp., Pentaprion spp., sardine and anchovy.
There are patches of coral reefs on the western side of Peninsular Malaysia (Figure 7-108) and some are
included in the Pulau Payar marine protected area. These reef habitats contain 13 families (36 genera)
of hard coral and 3 families (5 genera) of soft coral. The dominant species of hard coral are
Pocillopora spp. and Acropora spp. and the dominant soft coral is Sinularia sp. However, they also
support relatively rare species of both hard coral (Leptoria, Alveopora, Lobophyllia) and soft coral
(Menella sp.). A wide variety of fish species are associated with these reefs including lutjanids, grouper,
sharks and stingrays.
This province contains one of the world’s largest blood cockle (Anadara granosa) production areas
(Chua et al. 1998). Production of this species depends largely on the primary production of
phytoplankton as they feed directly on these planktonic plants.

Key Species
A substantial number of threatened, endangered or protected species occur in this province including
the Irrawaddy and other dolphins, whale, saltwater crocodile, dugong, green and hawksbill turtle. There
are also a number of endangered seabirds in the province (see Section 7.24.4).
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Table 7-17 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Strait of Malacca Shelf Province.
HABITAT

STRAIT OF MALACCA SHELF PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

52.0

0.03

Mangrove

4128.9

2.57

Seagrass

1267.7

0.79

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-108 Distribution of seagrass, mangrove and coral cover within the Strait of Malacca Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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7.24.4 TRANS‐BOUNDARY LINKAGES
The Strait of Malacca Shelf Province is a migratory corridor for many species, including marine mammals
(whale, dolphin), whale shark, green and hawksbill turtle and a range of endangered seabirds such as
long-billed dowitcher (Limnodramus semipalmatus), Nordmann's greenshank (Tringa guttifer), Chinese
egret (Egretta eulophates), and the lesser adjutant (Leptoptilas javanicus). Hawksbill turtles migrate
within the province, nest in Melaka and feed in the southern area.
This province is also a possible area for mixing of stocks of Indian mackerel, Indo-Pacific mackerel and
neritic tuna, between those with life cycles originating in the Andaman Sea and those originating in the
Strait of Malacca or further south.
This Strait is an area of high shipping traffic and it is likely the ships act as vectors for invasive species
through this region.
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Figure 7-109 Illustration of the Strait of Malacca Shelf Province.
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7.25 Aceh-Northern Sumatran Shelf Province
7.25.1 PROVINCE BOUNDARIES
The Aceh-Northern Sumatran Shelf Province is a narrow steep shelf province that runs along the
northern coastline of Sumatra. It is bounded by the Strait of Malacca Shelf Province to the east, and the
South West Sumatran Shelf Province at its western edge. The northern boundary is defined by the 200
m isobath as it drops away to the Mergui Terrace Slope Province. The east-west length of the province is
about 250 km and its average width is 16.2 km, but varies from about 7 to 35 km.

Figure 7-110 Aceh-Northern Sumatran Shelf Province (outlined in red).
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7.25.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
This narrow shelf drops relatively steeply from its shoreline border to its 200 m northern edge and
continues to shelve steeply into the deep waters of the Mergui Terrace of the Andaman Sea to the
north (Figure 7-111, Figure 7-112). The shallow shelf (<100m deep) is very narrow and the 100 m
isobath runs very close to shore for the entire length of the province (Figure 7-112).
Its seabed varies from sandy-mud substrates near the mouths of estuaries to muddy-sand environments
along most of its length. Courser grain calcareous substrates occur at the western extent of the province
in association with coral reef habitats.

Figure 7-111 Geomorphology of Aceh-Northern Sumatran Shelf Province (outlined in red).
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Figure 7-112 Bathymetry of Strait of Malacca (Malacca Strait) and Andaman Sea (from Rizal et al. 2012).

Figure 7-113 Wind field plots of the Strait of Malacca and Andaman Sea region during the north-east monsoon
season (left) and the south-west monsoon season (right) (from Rizal et al. 2012).
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Climate
The climate is ‘tropical wet’ and dominated by the prevailing south-west and north-east monsoons
(Figure 7-113). Highest rainfalls occur in October to February (north-east monsoon) with averages
between 200 and 320 mm per month. During the south-west monsoon monthly rainfall averages drop
to between 80 and 140 mm. Air temperatures are constant year-round (22–24 oC minimums, 29–31 oC
maximums) and water temperatures are also constant between 28 oC (north-east monsoon) and 30 oC
(south-west monsoon). There is little large-scale storm or cyclonic activity in this province.

Oceanography
The narrowness of this shelf province results in a substantial interaction between coastal waters and the
deep waters of the adjacent Andaman Sea. This province also sits at the confluence of the Strait of
Malacca, the Andaman Sea and the north-east Indian Ocean, so water characteristics are influenced by
a complex combination of these different water masses, depending on the time of year and variation in
circulation patterns. These are complex, but include circulation from the Andaman Sea (south-west
monsoon), coastal currents from western Sumatra and outflows from the Strait of Malacca (Rizal et al.
2012). Generally however, coastal currents are easterly during the north-east monsoon and westerly
during the south-east monsoon (Figure 7-114).
Tides are semidiurnal and the tidal mixing depth ranges from 70 to 80 m. The thermocline depth varies
between 70 and 210 m. Water salinity is lower during wet north-east monsoon due to the influence of
waters from the Strait of Malacca (32– 32.6 ppt) and the high freshwater intrusion from rivers in that
region. Higher salinity water mixes into this province during the south-west monsoon under the
influence of waters from the Andaman Sea in particular (32.8–33.2 ppt).

Figure 7-114 Surface currents of the Strait of Malacca and Andaman Sea region during the north-east monsoon
in February (left) and the south-west monsoon in August (right) (from Rizal et al. 2012).

An Ecosystem Characterisation of the Bay of Bengal: Final Report | 229

7.25.3 ECOLOGICAL ASSETS
Productivity Features
This province has some important drivers of productivity due to inputs from neighbouring regions. The
Strait of Malacca provides seasonal high primary productivity from December to March as these waters
flow from the strait across the Aceh-Northern Sumatran Shelf Province (Figure 7-114). However, the
overall concentration of chlorophyll appears low compared to, for example, the Strait of Malacca,
probably due to extensive mixing with less productive Andaman Sea waters. The west Sumatran shelf
also exhibits seasonal upwelling due to Ekman flow forcing during the south-west monsoon, usually
between June and September. However, it is not clear whether some of that high productivity makes its
way around the north-west corner of Sumatra into the Aceh-Northern Sumatran Shelf Province. It also
appears as though the narrowness of shelf in this province restricts the scale and persistence of
productivity events.
Mangroves, although not highly abundant, are also an important source of primary and organic
productivity for the ecological communities on this shelf province. They support microbial, invertebrate
and important fish communities and provide nursery habitat for juveniles and adults of many species.
Coral reef communities also provide an ecological framework for relatively abundant communities,
especially in the western extent of the province.

Habitats and Ecological Communities
The coastal near-shore environment of this province includes a range of habitats. Muddy tidal areas
occur around estuaries and often in combination with mangrove habitats in the intertidal zone. Where
substrates are harder and/or more sandy, the benthic habitats can be quite complex, including hard
corals, sponges and other attached macro-benthic animals, and macroalgae.
Most of the coral reef habitat occurs in the most westerly part of the province (adjacent to the Aceh
Besar District) (Figure 7-115), with smaller patches spread along most of the coastal shallow water
areas. Mangrove areas are also widespread along the length of the coastal zone of this province, though
in small patches that are not easily resolved by remote mapping products.

Table 7-18 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the Aceh-Northern Sumatran Shelf Province.
HABITAT

ACEH-NORTHERN SUMATRAN SHELF
2
AREA (KM )
PERCENT COVER

Coral

6.8

0.17

Mangrove

2.7

0.07

Seagrass

0.0

0.00

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Figure 7-115 Distribution of seagrass, mangrove and coral cover within the Aceh-Northern Sumatran Shelf
Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

The ecological communities that occur within this province are quite diverse and based on the
productivity and habitat features described above. Demersal communities on the muddy-sand offshore
regions include a range of detritivorous and omnivorous invertebrates such as the commercially
important banana, greasy-back and tiger shrimp, as well as a wide range of tropical fish species such as
goat fish, pony fish, threadfin bream, bluecheek silver grunt and stingrays. Harder substrates are
characterised by reef associated species including grouper, snapper, parrot fish, lobster, and a range of
crabs and other invertebrates.
The pelagic realm of this province supports a range of small pelagic species including the Indian
mackerel, frigate and bullet tuna, mackerel scad, trevally, anchovy and squid species. The species
composition differs between open water habitats and reef associated waters.
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Key Species
This province is home to a range of species that are threatened, endangered or protected, or that have
high local value and community-based management practices in place. These include green and
hawksbill sea turtles, Napoleon wrasse, dolphin species and the giant clams Tridacna maxima,
T. squamosa and T. crocea.

7.25.4 TRANS‐BOUNDARY LINKAGES
This unique shelf area is at the confluence of surface waters from the Strait of Malacca, the Andaman
Sea, and the north-east Indian Ocean, and receives biophysical influences from each. There is a
gradation of influence within this province, with the south-eastern region of the province being more
similar to the Malacca Strait system (terrigenous input and mangroves), and north-western region being
more similar to west coast of Sumatra (coral reef habitats). In this sense, this province is transitional
between two primarily different regions.
Some pelagic species migrate from the Andaman Sea and Indian Ocean into the Aceh-Northern
Sumatran Shelf Province, including pelagic sharks (thresher, bull, spinner, spot-tail and blacktip shark),
neritic tuna (bullet, kawakawa and tonggol) and small pelagic fish (scad, Indian mackerel)
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Figure 7-116 Illustration of the Aceh-Northern Sumatran Shelf Province.
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7.26 South West Sumatran Shelf Province
7.26.1 PROVINCE BOUNDARIES
The South West Sumatran Shelf Province is a relatively narrow, steep shelf running along the western
coastline of Sumatra (Figure 7-117). It is a complex shape due to the shallow ridge running offshore
from the Sumatran mainland. It is bordered to the north by the Andaman and Nicobar Ridge Province
and to the west by the South West Sumatran Slope Province, with which it has a complex boundary. The
adjacent slope province is also relatively narrow and adjoins the Cocos Abyss Province. The southern
boundary of the South West Sumatran Shelf is an artificial boundary representing the southern extent
of the BOBLME.

Figure 7-117 South West Sumatran Shelf Province (outlined in red).
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7.26.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The coastal narrow shelf is joined to an offshore island ridge system (including Simeuleu, Nias and
Mentawai islands) by two substantial isthmuses. These islands and their associated shelf habitat are
surrounded by the deeper waters of the South West Sumatran Slope Province. Hence, much of the shelf
habitat is very narrow and in relative close proximity to adjoining deeper waters and in close proximity
to geomorphological features such as canyons and deep troughs (Figure 7-118).

Figure 7-118 Geomorphology of the South West Sumatran Shelf Province (outlined in red).
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Climate
The south-west monsoon is the main influence on the climate in this province, as the north-east
monsoon is somewhat weakened on the western Sumatran coast (Figure 7-113). Hence the peak of
rainfall is between April and November along with moderate south-westerly winds. Rainfall averages
vary along the coastline of the province, however, as an example, the coastal town of Sibolga receives
less than 200 mm in the driest months (February or June) and more than 400 mm in the wetter months
(October and November). There is little large-scale storm or cyclonic activity in this province.
Temperatures are constant year round, with daily highs between 29 and 31 oC, and daily lows between
23 and 24 oC.

Oceanography
This shelf province is influenced by the confluence of surface waters from the Andaman Sea and the
northeast Indian Ocean. The prevailing currents are driven by the major monsoonal currents and are
generally north-westerly during the north-east monsoon in February, and south-east during the southwest monsoon in October (Figure 4-4, Figure 7-114). As the north-east monsoon transitions to the
south-west monsoon in April–May, the Indian Equatorial Jet (known as the Wyrtki Jet) develops,
propagating an annual eastward Kelvin wave along the equator. This current meets the Sumatran shelf
around the equator and bifurcates. The northern branch propagates along the coast of this shelf
province as a coastal Kelvin wave (Rao et al. 2010). By summer the easterly flow develops into the South
Monsoonal Current which flows along the Sumatran shelf towards the equator and drives moderate
upwelling of deeper water along the South West Sumatran Slope and Shelf from about July to
November. The eastward flowing currents peak in November and disappear in early January.
Tides in this province are diurnal with a maximum range of about 1.5 m. Water temperatures range
from 28.3 to 30.0 oC during the north-east monsoon and 25.9 to 28.7 oC during the south-west
monsoon. Salinity ranges from 32.4 to 34.4 ppt.
This region has a history of periodic tsunamis with the most recent substantial tsunami being in 2004,
and historical records indicating a major event in 1762. These can have a substantial impact on
ecological systems (Rosamma et al. 2006), including reshaping the benthic habitat structure in coastal
regions.

7.26.3 ECOLOGICAL ASSETS
Productivity Features
There are two main sources of nutrients that support primary productivity in this province. One from
seasonal upwelling (described above) and the other from seasonal river discharge. Moderate and
annually variable seasonal upwelling occurs during the months of July to November (see above). This
provides relatively higher levels of primary productivity in the shelf waters, including the island shelf
habitats. River runoff peaks in October and November during the early north-east monsoon season.
Chlorophyll levels have been measured at 0.05–15 µg/l from this province. Nutrient concentrations
include phosphate at 0.05–0.25 µmol/l, nitrate at 0.5–8.0 µmol/l and silicate at 0.25–10 µmol/l.
The narrow shelf width and mixing with offshore waters restricts the scale and persistence of
productivity event in this region. The seasonal contributions from upwelling and river discharge
dominate this contribution to the local ecological communities, and these are both variable within and
between years.
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Table 7-19 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the South West Sumatran Shelf Province.
HABITAT

SOUTH WEST SUMATRAN SHELF PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

2125.3

2.89

Mangrove

263.5

0.36

Seagrass

583.4

0.79

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-119 Distribution of seagrass, mangrove and coral cover within the South West Sumatran Shelf Province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Habitats and Ecological Communities
This shelf province contains a relatively abundant mix of key habitats including coral reefs, seagrasses
and mangroves (Table 7-19, Figure 7-119). Seven species of seagrass are found throughout the intertidal
and subtidal coastal regions. They are most abundant in the western part of the Nias, Simeuleu and
Mentawai islands. Some large stands of mangrove also occur on both the mainland and island coastal
fringes including the eastern part of Nias, Simeuleu and Mentawai islands (Figure 7-119). Eight species
have been recorded from the Sumatran region – Rhyzophora (2 spp.), Bruguiera (3 spp.), Ceriops (1 sp.),
Lumitzera (1 sp.) and Xylocarpus (1 sp.). Coral reef habitats are also widespread within the shallow
waters of the province (Figure 7-119). There have been 387 species of corals recorded from this region,
including two endemic species.
Other habitats include sandy-mud sediments, especially below 20 m depth, that are likely to support a
range of detritivorous and suspension-feeding invertebrates and diverse tropical demersal fish
communities and a range of bentho-pelagic predatory species of fish and cephalopods. Harder
substrates associated with coral reef systems supports diverse fish and invertebrate communities.
These include more than 30 species of grouper, many species of shark and ray, commercially fished
prawn, lobster, and a wide range of other fish and invertebrates.
Pelagic waters support relatively productive planktonic and micro-nektonic communities that provide
food for a range of larger fish species, including commercially fished pelagic species. These include
skipjack tuna, Indian mackerel, scad mackerel, trevally, anchovy and sardines.
In 2004 a tsunami affected the area, particularly Aceh and the islands of Simeuleu, Nias and Mentawai,
causing substantial damage to marine communities through physical destruction and upheaval, as well
as through high sediment concentrations in the water column.

Key Species
A range of threatened, endangered and protected species frequent this province including six species of
turtle ( including green, hawksbill and leatherback), dolphin species and dugong. Other key species
include a wide range of elasmobranchs (sharks, rays and sawfish), the giant clam (Tridacna gigas) and
Napoleon wrasse (Cheilinus undulates).
Sharks are associated with reefs and other hard substrate and are threatened by overfishing in the
region.

7.26.4 TRANS‐BOUNDARY LINKAGES
The South West Sumatran Shelf Province has close links with three neighbouring provinces; the
adjacent South West Sumatran Slope, the Andaman and Nicobar Ridge and the Cocos Abyss. A range of
pelagic species will share the waters above the thermocline, including a range of small tuna, shark,
anchovy and sardine. These species will benefit from the seasonal productivity generated by upwelling
of deeper, nutrient-rich waters that occurs on the shelf during July to November.
Benthic and demersal communities found in the shelf province will generally be less connected with
adjacent shelf provinces due to the narrow nature of the shelf habitats in this region, and the
likelihood of local recruitment for many fish and invertebrates in the region (Milton et al. 2014)
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Figure 7-120 Illustration of the South West Sumatran Shelf Province.
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7.27 South West Sumatran Slope Province

Figure 7-121 South West Sumatra Slope Province (outlined in red).

7.27.1 PROVINCE BOUNDARIES
The South West Sumatran Slope Province is a narrow, steep slope between the South West Sumatran
Shelf and the Cocos Abyss (Figure 7-121). To the north is the Andaman and Nicobar Ridge Province with
the boundary defined by the southern extent of the ridge. The southern boundary is an artificial
boundary representing the southern extent of the BOBLME. Its eastern and western boundaries are
defined by bathymetric delineations between shelf and slope (200 m) and between slope and abyss
(2000 m).
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7.27.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
The geomorphology of the South West Sumatran Slope is fragmented and diverse, with a relatively
steep gradient. This slope province includes a range of geomorphological and hence, habitat types
including slope, abyssal hills and mountains, canyons and slumped sediments. Much of this slope
continues into the Cocos Abyss, and ultimately to a depth of ~5500 m. At its base is a deep subduction
zone, characterised by a sea trench, where the Indian Ocean sea floor associated with the IndoAustralian plate is undergoing subduction under the Sunda shelf section of the Eurasian plate.
There is an unusually high proportion of canyon or channel features in this province including the
Mergui-Sumatera, Meulaboh, Tanjung Dewa, Simeuleu, Nias, and Mentawai canyons. The Java and
Sabang trenches are also associated with this province.
The terrigenous sediments in the deeper waters consist mainly of silt and clays.

Figure 7-122 Geomorphology of the South West Sumatran Slope Province (outlined in red).
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Climate
The climate of the South West Sumatran Slope is very similar to the adjoining slope province. The major
influence is the south-west monsoon and peak rainfall is between April and November along with
moderate south-westerly winds. The rains bring seasonal freshwater flow from rivers into the surface
waters. There is little large-scale storm or cyclonic activity in this province and temperatures are
relatively constant year round.

Oceanography
Aspects of the oceanography within this province are similar to the South West Sumatran Shelf. The
thermocline is relatively shallow (~90 m) and the surface waters are influenced by seasonal prevailing
currents (Figure 7-114). However, there is little influence of upwelling in the offshore waters, probably
due to a strong thermocline barrier. These offshore surface waters (above the thermocline) also display
relatively low salinities due to monsoonal rains and high (>28 °C) sea surface temperatures.
There are two types of water mass layers, depending on depth (Table 4-1). Persian Gulf water lies
between 150 and 500 m with salinity of > 34.9 psu and high dissolved oxygen. Between 200 and 400 m
there is lower salinity and a maximum dissolved oxygen layer (compared to the Persian Gulf water). Red
Sea water lies from 600 to 800 m with salinity ranging from 34.82 to 34.91 psu. This flows from the west
to the coastal area off the Sumatran mainland.
Temperatures decline as depth increases. In general, sea temperatures drop to about 5 oC at 1000 m,
and further to about 2 oC by 5000 m. Ocean water density and salinity increases with decreasing
temperature (until the water freezes at about –1.94 oC).

7.27.3 ECOLOGICAL ASSETS
Productivity Features
Levels of primary productivity peak during the south-west monsoon when southerly surface currents
are driven along the slope forcing weak upwelling adjacent to the offshore island chain in most years.
During other times of year surface primary productivity is low in the epipelagic waters within this
province. Consequently, these surface waters support only moderate secondary and tertiary
production, including relatively low fishery production.
An important source of productivity in this province is particulate organic matter (POM), which is mainly
generated in the pelagic realm and stemming mainly from primary productivity levels. This material
originates from a range of primary and secondary production sources from within the pelagic and
epipelagic water column and falls through the column to rest on the seabed. This material is used by
both pelagic and benthic communities. Sources of POM may include biogenic mineral phases of
planktonic diatoms, radiolaria, coccolithophorids, foraminifera, pteropods, faecal material, fish scales,
sloughed mucus, dead animals or plants and lithogenic minerals (e.g. from dust).
These organic compounds are synthesised in the surface ocean and are consumed by heterotrophic
zooplankton and bacteria. They remove most of the organic matter in the surface waters before it can
be exported below the euphotic zone. Most exported organic matter is remineralised to CO2 (forming
an organic matter/mineral–matrix association) on its way to the sea floor. Regardless of the location in
the ocean, two trends are observed: 1) the flux of organic matter reaching the sea floor is a tiny fraction
(~1%) of primary production, and 2) there are two zones of intense organic matter remineralisation, the
epipelagic zone and the benthic boundary layer (Martin et al. 1987). Despite this great loss, the surface
productivity levels can be extended to the deep-sea floor and into the sediments, and remnants of a
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phytoplankton source are reflected in the composition of organic matter there (extract from Lee et al.
2004).

Habitats and Ecological Communities
This slope province supports a diverse range of habitats and hence, ecological communities, although
there is little described about most of these.
The sandy-mud or muddy slope habitats support a range of infauna and epibenthic invertebrates that
feed on a range of organic living and dead matter, including a diverse array of microorganisms and
plankton. These communities support mostly small demersal and benthic omnivorous and carnivorous
fish. Some larger species also occur here including stingrays species, deep sea shrimp, grenadier
(Coelorinchus divergens), cusk eel (Ophidiidae), shellskin alfonsinos (Ostracoberyx sp.), congrid eel and
Haplostethus rubellopterus in the northern half of the province. Most of these have a specific depth
distribution within the slope.
The steep escarpments provide hard substrate for the attachment of structural benthic invertebrates
such as deep-water soft and hard corals, gorgonians, sponges, hydroids and bryozoans. These species
provide structural habitat, shelter and food for a variety of other organisms including shrimp, small fish,
crab, squid, and ultimately, larger species of fish including shark. A range of other macro-invertebrates
including echinoderms, molluscs and annelid worms also inhabit these diverse ecological communities.
Raised mountainous areas on the slope are also likely to have the habitat types described above.
Heads of canyons (and other canyon sections) can support similar communities to those described
above. Canyons will often have steep walls or escarpment habitats that provide hard substrates that
sessile organisms can settle on or attach to. They often have areas with stronger current flows than the
surrounding slope waters, and especially at the canyon head. These environments may have similar
ecological communities to those described above for escarpments. In sections within canyons with
lesser inclines, different substrates can occur and support a different community of sessile
invertebrates. For example, species that are able to exist on the softer substrates and that rely on the
suspended organic material for food may also occur and proliferate where these conditions are met.
These also provide the basis for a relatively diverse community of fish and invertebrates in these deeper
waters.
Areas where slumped sediments have accumulated create yet another unique habitat type. These may
have existed for very long time frames and have very mature and evolved communities. A relatively high
proportion of deposit-feeding invertebrates may dominate the macrofaunal communities in these
sediments. These communities, like many others in the deeper waters, rely on particulate organic
matter (POM), as a major source of their direct or indirect organic carbon. This is described in more
detail below.
Within the pelagic region of the water column a range of large pelagic fish occur including yellowfin
tuna, bigeye tuna, skipjack tuna, swordfish, black marlin, blue marlin, striped marlin, Indo-Pacific
sailfish, and thresher shark. They, in turn, support a range of smaller pelagic fish species including small
tuna, mackerel, scad, herring and anchovy. These species spend most of their time in the epipelagic and
mesopelagic zones (<1000 m depth). Other fish species play an important role in these pelagic oceanic
communities including micro-nektonic species such as myctophids, mid-water shrimp, euphausiids,
jellyfish and chaetognaths (Brewer et al. 2007). Most of these play important linkage roles in the pelagic
food web between the plankton and larger pelagic fish (Revill et al. 2009).
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Table 7-20 Total area (km2) and cover (as a percentage of the province area) of coral, mangrove and seagrass for
the South West Sumatran Slope Province.
HABITAT

SOUTH WEST SUMATRAN SLOPE PROVINCE
2
AREA (KM )
PERCENT COVER

Coral

17.2

0.02

Mangrove

0.0

0.00

Seagrass

0.0

0.00

Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).

Figure 7-123 Distribution of seagrass, mangrove and coral cover within the South West Sumatran Slope province.
Sources – Coral (IMAS-USF (2005), IMaRS-USF (2005), Spalding et al. (2001), UNEP-WCMC (2010)); Seagrass (UNEPWCMC, Short FT (2005), Green EP & Short FT (2003)); Mangroves (Giri et al. (2011a), Giri et al. (2011b)).
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Key Species
There are few sources to inform this report on the key species for this province. Several shark species
have been recorded from the region including the megamouth and deep water gulper shark
(Centrophorus sp). Other important species include those that form the basis of fisheries. These include
the pelagic tuna mentioned above and a range of species fished in a trawl fishery along the coast and
into the slope province (to 300 m) such as greeneyes (Chloropthlamus agassizi), the armored searobin,
snake mackerel lizardfish, beltfish (hairtail) and deep-sea crustaceans (e.g. squat lobster, family
Galatheidae).
About five species of dolphin and porpoise occur in this region and there are a range of transient whale
species including Sperm, Bryde’s and Minke.

7.27.4 TRANS‐BOUNDARY LINKAGES
Most of the deeper slope species are not found on the shelf or in the deeper abyss, suggesting minimal
linkages between shelf and slope or slope and abyssal habitats of south-west Sumatra. However, a
range of species are fished in the deep-water trawl fishery between the shelf and slope provinces (see
above). Migration of pelagic species between the more productive shelf waters and the epi- and mesopelagic waters of the slope province is another important link between these two regions. Some of
these species will also migrate longer distances between the offshore waters of Sumatra and those of
Java and the Southern Indian Ocean to the south, and the Andaman Sea and Myanmar to the north.
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Figure 7-124 Illustration of the South West Sumatran Slope Province.
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7.28 Ninety East Ridge Province

Figure 7-125 Ninety East Ridge Province (outlined in red).

7.28.1 PROVINCE BOUNDARIES
Located at the south-eastern part of the Bay of Bengal, the Ninety East Ridge Province is a northern
segment of an extensive ocean ridge system separating the Bay of Bengal Abyss from the Cocos Abyss
(Figure 7-125). The northern boundary meets up with the Andaman Ridge. The primary distinction from
the surrounding provinces is based on its geomorphology – a ridge feature dominated by plateau
features – as well as depth, with most of the province raised well above the surrounding abyssal
provinces. The Ninety East Ridge is a geologically separate feature to the Andaman and Nicobar Ridge
feature which is dominated by slope, canyon and other geomorphological features. Hence, these two
ridge systems are categorised as separate provinces.
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7.28.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
Heights of the Ninety East Ridge Province vary between 1000 and 1500 m from the ocean basin
throughout most of its extent. The profile of the bathymetry (Figure 7-126) shows a smooth profile at
the northern end, which degrades into a highly variable profile going south, due presumably to a series
of volcanic peaks and mounds. Depths range from about 2000 m to over 4500 m in the deepest valleys.

Figure 7-126 Profile of the bathymetry of the Ninety East Ridge system (courtesy of NASA's World Wind Terrain
Profiler) along the yellow line overlaid onto the bathymetry image. The shallowest depth of the profile is at
1902 m and the deepest is at 4385 m. Note north direction is pointing to the left.

This province contains several geomorphic features and geological facies that may act as surrogates for
endemic deep-water communities. The geomorphic makeup of this province is dominated by plateau
features, but includes abyssal mountain and hill features, escarpments and canyons (Figure 7-127).

Climate
The surface current systems affecting this province are driven by the monsoonal winds. In the south, the
Equatorial Counter Current flows westward during the north-east monsoon, whereas north of the
province the North Equatorial Current flows to the south-east (Figure 4-3). During the south-west
monsoon, the predominant current is the South-west Monsoon Current that flows eastward through
this province (Figure 4-3). Very severe tropical cyclones occur during April and May and September to
November (indicated in Figure 4-6). Slow large-scale Rossby waves are initiated and forced by extreme
events, as well as seasonal and climatic variability. These waves can travel far from their region of
generation and can carry energy to this province as they interact with its ridge system. The seasonality
and inter-annual variations of weather and surface biological activity are felt in the deep ocean through
the rain of biological and inorganic matter. Typical conditions associated with this ridge system are
strong currents, high winds and rough seas.
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Figure 7-127 Geomorphology of the Ninety East Ridge Province (outlined in red).

Oceanography
The oceanography of this province is influenced by major basin-scale currents of the Indian Ocean
(above and Chapter 4) and the complex bottom topography. These ridge features and the associated
abyssal mountain and hill features in this province present obstacles to ocean currents at depth, as well
as barotropic (whole water column) currents such as those which might occur during tsunamis. In the
presence of barriers, ocean currents tend to resist upward motion due to the dynamic forces created by
the rotation of the earth. This process is likely to create boundary currents at depth. These strong
current will cross the ridge system and the overall balance leads to the formation of water masses with
boundaries that align with the depth of the tip of the ridge system as shown in Figure 7-128.
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Topographic currents and interaction of surface and internal current systems (boundary currents,
internal waves, Rossby waves, tsunami waves) with the ridge system are important agents that carry
material and energy into the deep-ocean water column and the seafloor. Exchanges between the deep
Cocos Abyssal waters and the Bengal Abyss may occur through channels in the ridge system shown in
Figure 7-127.

Figure 7-128 A cross-section along 2 oN latitude showing the water masses derived for the global ocean using
the methodology of Lyne et al. (2006b). Note the coincidence of the depth layering of the water masses with the
tips of the ridge systems. Note also the differences in the depth layering of water masses in the Cocos Abyss
(east of Ninety East Ridge) compared to those in the Bay of Bengal Abyss (west of Ninety East Ridge).

7.28.3 ECOLOGICAL ASSETS
Productivity Features
This province is highly productive compared with the other deep areas of the Bay of Bengal due to a
concentration effect caused by currents, and organisms having to cross what is essentially a barrier to
their free movement. The deep ridge may locally enhance productivity as current systems flow across it,
causing upwellings at depth. Primary productivity generated elsewhere may be subsequently advected
into this province as secondary or tertiary production, via the monsoonal current systems.
The province is a carbon sink due to the rain of biological material from the surface layers that may
remain largely assimilated (over millennium timescales) into the deep-ocean seafloor and
demersal/benthic ecosystems.
Energy for ecological communities and species is mainly from particulate living and dead organic matter
(also known as ‘marine snow’) that sinks from the surface environments. These are derived from a wide
range of sources including dead animals and plants, sloughed exoskeletons, faecal material, dislodged
scales and other body parts.
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Some whole carcasses of larger animals periodically provide unique habitat for specific opportunistic
species, mostly associated with the sea floor.

Habitats and Ecological Communities
Habitats within the Ninety East Ridge are likely to feature a draping of fine sediment onto the volcanic
substrate. The main habitat gradients relate to depth, the influence of depth on water temperature and
the layered water mass structures in the water column. The relatively abundant escarpment and
volcanic environment are likely to have rock features with some pockets of coarse or fine sediment.
An extensive array of other geomorph types are likely to exist and will provide niche habitats for a
variety of benthic organisms, particularly infauna and epifauna. As currents cross over the ridge system,
they carry organisms which provide food to marine life that may preferentially locate to the top of the
ridge (in essence picking off food as they are conveyed across the ridge). Escarpments and seamounts
are likely to support attached epi-benthic invertebrates that also take advantage of these current-borne
food sources. These features may in turn provide communities and demersal species with shelter and
food.
Other ecological communities in this region are likely to include flat abyssal plains communities
dominated by deposit feeders and marine bacteriophages. The benthic fauna are relatively diverse and
include a range of polychaetes, crustaceans (isopods, shrimps, and crabs), crinoids, echinoid (brittle
stars), bivalves, jellyfish, gulper eel and anglerfish. Some secondary and tertiary species of consumer
also occur, including bioluminescent species and those that use photophores.
The pelagic fish community is relatively depauperate, but contains yellowfin and bigeye tunas, lancet
fish (Alepisaurus ferox), escolar (Lepidocybium flavobrunneum), marine eels, smooth-heads
(Alepocephalidae) and grenadiers (Macrouridae).

Key Species
The main fisheries species in this province are tunas, especially yellowfin tuna (Thunnus albacores) and
bigeye tuna (Thunnus obesus). Threatened species consist mostly of elasmobranchs such as whale shark,
great white shark and hammerhead shark

7.28.1 TRANS‐BOUNDARY LINKAGES
The Ninety East Ridge occurs in international waters so the main trans-boundary interactions are with
adjacent provinces is through trans-boundary migrating fauna including various species of cetacean,
large oceanic sharks, migratory tunas and sea turtles. Many pelagic and demersal fish species may
migrate to the coastal parts of the other provinces to spawn and breed. Likewise, the ridge may provide
suitable sites for recruitment of species such as whale shark.
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Figure 7-129 Illustration of the Ninety East Ridge Province.
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7.29 Cocos Abyss Province

Figure 7-130 Cocos Abyss Province (outlined in red).

7.29.1 PROVINCE BOUNDARIES
The Cocos Abyss Province is a part of a much larger province that just intrudes into the Bay of Bengal
Large Marine Ecosystem (Brewer et al. 2009).
The province is bounded by the Ninety East Ridge Province in the west and the Sunda Trench in the east
(which is in the Andaman and Nicobar Ridge and South West Sumatran provinces). Depth is typically
between 5000 and 6000 m. The semi-enclosed nature of this province suggests that the deep-ocean
processes are likely to be partially confined compared to the broader scale Bay of Bengal Abyss that it
neighbours. Being closer to the deep-sea topographic features (the ridges) also suggests that the
seafloor processes are likely to be impacted by these features more so than the Bay of Bengal Abyss. For
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example, the Andaman Ridge boundary restricts exchanges of deep-ocean waters with the Bay of
Bengal Abyss, as discussed below.
The seafloor and deep waters are likely to be influenced by geothermal processes, tectonic events and
deep-ocean circulation and mixing. The province may contain resources and regions of unique and rare
deep-ocean communities, particularly at the boundaries in the west, east and north where a number of
provinces intersect.

7.29.2 BIOPHYSICAL DRIVERS
Bathymetry and geomorphology
Most of this province comprises a predominantly flat abyssal plain, designated as a fan feature,
occurring at water depths shallower than 5000 m. The eastern boundary lies along a ridge of complex
escarpments separating the abyssal habitat from the slope. In the west, the Ninety East Ridge system
forms part of the boundary for this Province. Raised abyssal features and some seamounts are also
located in the south-east corner and western edge of the province. The central ridge is dominated by
fine, homogenous sediment with some coarser material at the foot of the ridge.

Figure 7-131 Geomorphology of the Cocos Abyss Province (outlined in red).
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Climate
The climate of this province is largely influenced by the tropical monsoonal system, including strong
north-easterly winds during the north-east monsoon and strong south-westerly winds during the southwest monsoon (Chapter 4). Very severe tropical cyclones occur during April and May and September to
November. The seasonality and inter-annual variations of weather and surface biological activity are felt
in the deep ocean through the rain of biological and inorganic matter into the deep ocean. The slow,
large-scale Rossby wave processes are initiated and forced by extreme events, seasonal and climatic
variability. These waves can travel far from the region where they are generated and can carry energy to
remote regions and the deep ocean as they interact with topography and geomorphic features such as
those occurring in this province.

Oceanography
The current systems affecting this province are driven by the monsoonal winds. In the south, the
Equatorial Counter Current flows westward during the north-east monsoon, whereas north of the
province the North Equatorial Current flows to the south-east (Figure 4-3). During the south-west
monsoon, the predominant current is the South-west Monsoon Current that flows eastward through
this province (Figure 4-3). The oceanography of the Cocos Abyss Province is fairly stable compared with
shallower provinces in the BOBLME region.
A comparison of the depth layering of water masses in the Bay of Bengal Abyss compared to the Cocos
Abyss is shown in Figure 7-128. The ridge systems appear to affect the depth layers as shown by the
coincidence of depth layers with the approximate 2000 m tip of the Maldives Ridge and likewise with
the tip of the Ninety East Ridge. Differences in the layering of water masses deeper than about 3500 m
in the Cocos Abyss (east of Ninety East Ridge) compared to those in the Bay of Bengal Abyss (west of
Ninety East Ridge) suggest that water mass formation and change processes are different for the two
abyssal provinces. The deep ocean also has a constant salinity of about 35 ppt and temperatures close
to 0 oC.
Topographic currents and interaction of surface and internal current systems (boundary currents,
internal waves, Rossby waves, tsunami waves) with bathymetry and geomorphological features are
important agents. They carry material and energy into the deep-ocean water column and the seafloor.

7.29.1 ECOLOGICAL ASSETS
Productivity Features
The surface waters are oligotrophic in most years with occasional years where substantial upwelling off
southern Java provides high primary productivity advected into these waters. Productivity generated
elsewhere may also be advected into this province as secondary or tertiary production via the
monsoonal current systems.
The rain of by-products into the deep ocean from surface–layer productivity varies seasonally and
regionally, as well as interannually. The deep abyss is a carbon sink due to this rain of biological material
from the surface layers that remain largely assimilated (over millennium timescales) into the deepocean seafloor and demersal/benthic ecosystems.
Ecological communities and species mainly derive their energy from particulate living and dead organic
matter that sinks from the surface waters. This particulate matter are derived from a wide range of
sources including dead animals and plants, sloughed exoskeletons, faecal material, dislodged scales and
other body parts. Some whole carcasses of larger animals provide habitat for specialised opportunistic
species, mainly associated with the sea floor.
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Habitats and Ecological Communities
The province is dominated by fine, homogenous sediment throughout most of the basin seabed. The
exception is the seamounts in the south-eastern part of the province, which have a range of coarser
sediments and/or harder substrates. The main habitat gradients within the province are related to
depth and the influence of depth on water temperature and distance from the central ridge. The
relatively abundant escarpment habitats are likely to have rock features with some pockets of coarse or
fine sediment.
The ecological communities in the deep-water benthic ecosystems are highly adapted deep water
organisms that rely on the rain of biological matter and sediments from the surface, as well as benthic
recycling and transport processes. Ecological communities are likely to be dominated by deposit feeders
and marine bacteriophages. There are some secondary and tertiary species of consumer, including
bioluminescent species and invertebrate scavenging and predatory species.
Ecological communities that are associated with escarpments and seamounts are likely to include
attached epi-benthic invertebrate communities and demersal species that use them for shelter and
food.

Key Species
Various species of oceanic shark, tuna, whale, dolphin, sea turtle, jellyfish, marlin and swordfish occur in
the pelagic zone. The demersal communities are dominated by various species of crab, shrimp,
echinoderms, annelids and cnidarians.

7.29.1 TRANS‐BOUNDARY LINKAGES
The province occurs in international waters, so trans-boundary linkage between the Cocos Abyss and
the adjacent ridge and slope provinces occurs mainly through fauna migration. Migrating fauna include
various species of whale, shark, tuna and sea turtle. Many pelagic and demersal fish species may
migrate to the coastal parts of the other provinces to spawn and breed.
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Figure 7-132 Illustration of the Cocos Abyss Province.
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8 Regional and trans-boundary interactions

The need for regional coordination and cooperation in the management of populations of marine species
and their habitats is driven by three main ecological processes that affect their distribution and abundance:
reproductive strategies, migration and population structure.
Most marine organisms use the movement of oceanic currents and wind-driven waves to disperse their
offspring from where they are born. Most mobile marine species also move widely in search of food. These
movements by eggs and larvae or adults have implications for the population structure of the organism.
Species that have sedentary eggs and larvae or are site-faithful usually have a large number of genetically
distinct populations. When populations of marine species occur within multiple national boundaries, such
as in many exploited species, there may be a need for cooperative management of these “trans-boundary”
populations (Gulland 1980). Thus species that have a reproductive strategy that includes dispersing pelagic
eggs and larvae may have few genetically-distinct populations within a Large Marine Ecosystem. Loss of
reproductive output from one country can affect commercial catch in another. Similarly, catches of species
that migrate between habitat patches that occur in different countries will impact catch in their
neighbours.

8.1 REPRODUCTIVE STRATEGIES
Marine species have evolved a broad range of reproductive strategies with the goal of maximising
population growth and persistence. This usually requires eggs and larvae to disperse from natal areas. The
level of dispersal by larvae and migration by adults affect the population structure of the species and hence
the extent of trans-boundary interaction. Marine animals have extremely diverse reproductive strategies,
ranging from producing single, large, well-developed juveniles (e.g. live bearers, mouth brooders) to
broadcast spawning of thousands of tiny floating eggs (Table 8-1). Each reproductive strategy has evolved
to increase the dispersal and survival of the species’ population. Most marine animal species have pelagic
eggs that float in the current and get dispersed away from the spawning area. These spawning areas differ
between species, but are usually located in habitats that will maximise the survival of larvae. These habitats
are either in areas of higher primary productivity or contain vertical structure that reduces predation on
larvae.
Table 8-1 General summary of the reproductive strategies of major groups of marine fishery species caught in the
Bay of Bengal Large Marine Ecosystem region and their potential to require regional management.
SPECIES GROUP

REPRODUCTIVE STRATEGY

TRANSBOUNDARY

Small pelagic fish

Broadcast pelagic spawning

Yes

Medium and large pelagic fish

Broadcast pelagic spawning

Yes

Demersal fish

Broadcast pelagic/demersal
spawning

Most

Crustaceans and other
invertebrates

Broadcast pelagic/demersal
spawning

Most

Seahorses, octopus, catfish

Egg brooders

Habitat-dependent

Sharks and rays

Live-bearing

Habitat-dependent
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Fisheries
Most marine fishes caught in fisheries have a similar reproductive strategy that includes broadcast
spawning of pelagic eggs that disperse in the prevailing currents. This strategy usually means that the larvae
can disperse widely from the spawning area before settling and developing into an adult. This type of
reproductive strategy enables the eggs and larvae to find other suitable habitat patches away from their
natal area and reduces intraspecific competition. It means that eggs and larvae from different habitat
patches are likely to meet, mature and ultimately breed. These broadcast spawning species typically have
populations and life-history stages that span country and boundaries. Examples of the dispersal patterns of
eggs and larvae spawned on the continental shelf in the northern Bay of Bengal (Figure 8-1) or on the high
seas in the southern Andaman Sea (Figure 8-2) demonstrate that there is marked interannual variation in
the dispersal patterns. In the southern Andaman Sea, eggs and larvae spawned on the Mergui Terrace can
potentially settle in Indian, Indonesian, Thai or Malaysian waters (Figure 8-2). This variation highlights the
need for adaptable transboundary management strategies, as a species of interest (e.g. fisheries target)
may be most abundant in the waters of one country in one year, but most abundant in a neighbouring
country in a different year.

Figure 8-1 Examples of the transboundary movements of passive eggs and larvae of coastal marine organisms
within the BOBLME. Interannual variation in dispersal patterns of passive pelagic eggs or larvae released at the
continental shelf edge in the north-eastern Bay of Bengal off western Myanmar (star) in either January or July of
three years. Particles (eggs or larvae) were allowed to move passively for 30 days from release. Analyses
undertaken with Connie2 hydrodynamic model (//www.csiro.au/connie2). Details of how the model works can be
found in Milton et al. (2014).
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Figure 8-2 Examples of the transboundary movements of passive pelagic eggs or larvae released on the high seas at
the Mergui Terrace in the southern Andaman Sea (star) in either January or July of three years. Particles (eggs or
larvae) were allowed to move passively for 30 days from release. Analyses undertaken with Connie2 hydrodynamic
model (//www.csiro.au/connie2). Details of how the model works can be found in Milton et al. (2014).

Movement between habitat patches also depends on the swimming ability of adults. Larger fishes tend to
be stronger swimmers, and have developed strategies of migrating from feeding habitats to remote
locations with higher productivity where they will spawn. This enables their larvae a greater chance of
survival to adulthood. Consequently, many large marine species in the Bay of Bengal require multijurisdictional governance in order to deal with these natural dispersal behaviours that create variability in
their distribution and abundance.
The most obvious exceptions to the broadcast spawning reproductive strategy in the groups caught by
fisheries are the elasmobranchs and seahorses (Syngnathidae). In these groups, either the female gives
birth to live young (elasmobranchs) or the large eggs are laid and kept in a pouch for the male to raise
(seahorses). This alternative reproductive strategy usually occurs in species where the adults have a high
survival rate and can thus invest more maternal and/or paternal energy into producing well-developed
offspring to a later stage of development. This reproductive strategy has implications for trans-boundary
interactions within the Bay of Bengal Large Marine Ecosystem (BOBLME) region. For example, many species
of seahorse are sedentary and remain in a small area of preferred habitat throughout their life.

Threatened and protected species
The groups of threatened and protected species discussed in Chapter 5 have a reproductive strategy with a
low productivity rate. Either they bear few live young (cetaceans, elasmobranchs and sea snakes) or lay few
eggs in specific breeding locations on land (turtles and seabirds). In all cases, they are adapted to having a
high adult survival rate or long lifespan (turtles, cetaceans and seabirds). For each group, movements by
adults are the main method for trans-boundary interaction rather than dispersal of progeny. This also
means that all jurisdictions that interact with these species should have a well-developed and co-ordinated
management strategy to ensure regional and/or global survival of these species
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Key habitats
The reproductive strategies of the three key habitats (mangroves, coral reefs and seagrass) differ widely.
Corals undertake a seasonal broadcast spawning on spring high tides and their polyps are positively
buoyant. The polyps float to the surface and get transported by currents and winds until they hatch and
settle. This is their main form of dispersal and allows corals to colonise new suitable substrates that are
remote from their natal reefs. How widely they can disperse is not well known and probably depends on
the local conditions during the spawning season. When widespread coral bleaching occurs, studies have
found that there is limited resettlement from remote reefs for several years after the event, suggesting it
occurs irregularly. Thus, the dispersal ability of coral polyps is more limited than their long larval duration
may imply.
Unlike other groups considered here, mangroves and seagrasses are plants and disperse using seeds. They
have a relatively low productivity compared to most marine animals. However, the seeds are long-lived and
disperse passively in the prevailing winds and currents for many months. The longevity helps offset their
low productivity and allow seed dispersal away from the parent plants. However, the seeds’ ability to
disperse widely is limited as they are subject to the prevailing winds and surface currents. Thus, the level of
trans-boundary interaction between patches of mangrove and seagrass habitat is probably limited to
adjacent countries.

8.2 MIGRATION
Fisheries
Of the species in the BOBLME region of interest to marine fisheries, pelagic fishes are the major group that
migrate long distances. The extent of migratory movements within the pelagic fishes is also related to fish
size. Larger species undertake longer distance migrations. Many species of tuna have a strongly migratory
behaviour with fish moving long distances in response to predictable aggregations of their main prey or
prey for their larvae and juvenile stages. These prey species are also caught in separate targeted fisheries
during these aggregation periods. These aggregations are driven by the seasonal climate and oceanography
within the BOBLME region (see Chapter 4). Many species in this group of fishes move among countries
within the BOBLME region. This need for international cooperative management is currently recognised in
several of the main commercially important groups and managed through organisations such as the Indian
Ocean Tuna Commission.
Other demersal or small pelagic species vary in their level of migration, but most are not known to
undertake predictable or annual movements over long distances (> 500 km) within the BOBLME region.
Most movements of adults are made at a scale that is likely to causes trans-boundary interactions between
adjacent countries. For example, hilsa (Tenualosa ilisha) migrates between river systems and their adjacent
coastal estuarine habitats. However, these populations also use different river systems in different years,
and these rivers can be in either one country or another (India or Bangladesh in this case, BOBLME
workshop expert opinion).

Threatened and protected species
Marine turtles in the BOBLME region undertake extensive migrations between feeding and nesting
habitats. Olive ridley turtles (Lepidochelys olivacea) migrate along the east coast of India from Orissa as far
as Sri Lanka feeding in the eddies generated during the post-monsoon period (Sasamal and Panigraphy
2006). Most cetaceans in the BOBLME region, including the Ganges River dolphin (Platanista gangetica),
undertake migratory movements (Smith et al. 2001). Monsoonal flooding reduces salinity in coastal waters
facilitating these movements for the Ganges River dolphin.
Elasmobranchs vary in their mobility, with oceanic and coastal pelagic species being the most mobile (Giles
et al. 2014; Sequeira et al. 2014). Some species such as the whale shark (Rhincodon typus) even migrate
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between oceans. Demersal coastal species of shark and ray appear to move less between habitat patches
than expected based on proximity (Dudgeon et al. 2009).
Co-ordinated management strategies are critical for threatened and protected species to ensure their longterm survival.

Key habitats
There is limited movement of adults of the three key habitat types (corals, mangroves, seagrasses) due to
their sessile habits.

8.3 POPULATION STRUCTURE
Fisheries
There are two forms of population sub-structuring across the distribution of a species that affect the scale
of management units in fisheries. The most obvious population structuring is when there is limited or no
exchange of genes between sub-populations within a species’ broader distribution. This is the form of
population structure examined in most stock analysis studies of marine animals. It usually involves
examining the relative frequencies of particular genes in samples from different parts of a species’ range. It
can also examine changes in a species’ shape or morphology, as Salini et al. (2004) did for the important
shad, hilsa (Tenualosa ilisha).
The other form of more subtle, but still important population structuring occurs when adults are sedentary
and there is limited gene exchange between sub-populations. In these cases, species may be effectively
separate populations, but genes from as few as 1 in 100 000 individuals may pass between sub-populations
and genetic methods are not sensitive enough to detect these low rates of gene exchange. In species such
as this, fisheries exploitation may cause local extinctions of populations as the rate of recolonisation is so
low as to be effectively non-existent.
Most pelagic fishes show a well-mixed population structure over large distances (von der Heyden et al.
2014). Studies of the Indian mackerel (Decapterus russelli) and round mackerel (D. macrosoma) in SouthEast Asia showed high levels of gene flow throughout the region (Perrin and Borsa 2001; Borsa 2003).
Similarly, large pelagic fishes such as tuna and swordfish have single panmictic populations in the Indian
Ocean (Appleyard et al. 2002; Muths et al. 2013).
In other species, their sedentary habits or poor larval dispersal result in low levels of gene exchange over
relatively small distances (Figure 8-3). In these species, the population should be managed by each country
as trans-boundary interactions are effectively negligible. Detailed knowledge of the reproduction and
movement patterns at different spatial scales are often needed to completely reveal the population
structure. For example, many studies of the population structure of hilsa had been made on samples from a
portion of the species distribution and over a short timescale. In a more comprehensive study, Milton and
Chenery (2001) were able to show that there was a lot of local movement of cohorts of fishes within the
main Meghna River in Bangladesh that may have suggested sub-populations. However, when samples were
made more broadly in adjacent countries, these detected differences were similar across all spatial and
temporal scales. Therefore the species should be treated as a single population in the Bay of Bengal and
managed regionally, between countries.
Vivekanandan (2010) summarised his interpretation of the likely geographic boundaries for shared fish
stocks in the BOBLME region (Figure 8-4). In many cases, these boundaries could provide a useful
approximation of genetic population structure of exploited fish populations. However, you can see from
Figure 8-1 and Figure 8-2 that the current patterns and subsequent mixing of eggs and larvae from different
provinces within the BOBLME are likely to be more complex than outlined by Vivekanandan (2010). Even in
the eastern BOBLME region, previous studies have shown a range of complex population boundaries
depending on the length of the egg and larval period for the species (Figure 8-3). Thus, there is an urgent
need to increase local cooperation between countries in managing exploited species in the BOBLME region.
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Figure 8-3 Examples of the population structure of commercially fished species in the Andaman Sea and adjacent
parts of the BOBLME region (from van der Heyden et al. 2014). Population boundaries made with solid lines
represent sub-populations found in more than one species with this same boundary.

Figure 8-4 The geographic distribution of shared fish stocks in the BOBLME region proposed by Vivekanandan
(2010).
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Threatened and protected species
Studies elsewhere have shown that dasyatid rays show strong genetic population structuring across
relatively short distances (< 3000 km) due to their sedentary habits (Borsa et al. 2012). This is likely to be
true for some other elasmobranch species. However, for a range of other sharks with broad habitat usage,
populations are panmictic and well-mixed within the BOBLME region. Similarly, adults of all turtle, seabird
and the larger cetacean species make movements within and outside the BOBLME region and thus need to
be managed regionally. The only threatened species group that have limited dispersal are the syngnathids
(seahorses). These species are likely to have a number of genetically-distinct populations within the
BOBLME region. Their populations should be managed locally within the key habitats that they prefer. In
some regions, such as Palk Bay, there maybe transboundary effects of India or Sri Lankan catches of
seahorses.

Key habitats
There are likely to be transboundary mixing of the seeds and eggs of mangroves, seagrass and corals within
the BOBLME region. Even with passive dispersal, the Connie2 hydrodynamic models of dispersal in the
north-eastern Bay of Bengal (Figure 8-1) predict that the pelagic eggs of corals spawned in Myanmar could
disperse into the Indian Andaman islands. Thus, management of coral condition in Myanmar can potentially
affect coral recruitment in the Andaman Islands. Similarly, corals spawned between southern Myanmar,
Thailand, northern Sumatra and the Andaman Islands are likely to have the potential to recruit to different
countries. Corals in the Maldives are the most remote from similar habitats in adjacent countries. The coral
reefs in most Maldivian atolls are likely to be colonised from within the atoll or adjacent atolls rather than
from adjacent countries, based on the poor recovery of many Maldivian coral reefs from major bleaching
events (McClanahan and Muthiga 2014). However, there appears to be evidence of potential recruitment
of some corals from adjacent India to the northern-most Maldivian atoll (Tkachenko 2012).
The seeds of passively dispersing mangroves and seagrass also have the potential to recruit to suitable
habitats in adjacent countries. Mangrove seeds produced in the Strait of Malacca could potentially colonise
suitable habitats in adjacent Indonesia or Thailand. The Sundarban mangroves are contiguous between
India and Bangladesh and their seeds will be likely to disperse between the two nations. Thus, forest
production in each country will potentially affect mangrove colonisation in their neighbours’ jurisdiction.
Trawl damage to Indian seagrass communities in Palk Bay potentially affect seagrass recruitment in
adjacent Sri Lankan waters. Co-management is needed for all three key habitats.

8.4 Summary
The dispersal ability of most marine organisms and plants and the seasonal and interannual differences in
prevailing currents and wind direction in the BOBLME region mean that there are trans-boundary
movements of eggs and larvae or migration of adults of most species. Vivekanandan (2010) summarised
the different types of shared stocks that occur in the BOBLME region. Our analysis demonstrates that there
are greater trans-boundary interactions than currently recognised. The Connie2 hydrodynamic model
examples for two locations in the eastern BOBLME region highlight that all countries in this region share
populations of most species, especially those with pelagic eggs and larvae. Regional governance of most
exploited populations and their key habitats needs to be strengthened as part of any plans to improve
fisheries sustainability in the BOBLME region.
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9 Recommendations

This ecological characterisation and bioregionalisation has provided a useful framework for integrating
established knowledge with the latest expert knowledge and opinion for describing the ecological systems
of the BOBLME region, its species groups, habitats, and their connectivity. Combined with information
about the regions pressures (e.g. human uses, pollution and climate change) and governance (local to
national), the outputs of this report could be used in analyses and planning processes to substantially
enhance sustainable use of marine resources, plan and implement conservation strategies and plan for
sustainable development of coastal regions. This in turn will eventually lead to a more integrated, crossscale management of the region (Figure 1-1).
There are still information gaps that should be filled when possible and then used to update this
characterisation at a future time. There is a large volume of grey literature that could be used to improve
the understanding of many species and ecological systems, albeit very patchy between regions. However,
as time is of the essence for halting and potentially reversing the decline of ecosystems and their
ecosystem services for the burgeoning populations of the region, the following activities are recommended
to make the best use of the information contained in this report.
We recommend a review of processes at various scales focused on sustainable fisheries, conservation
planning and development planning that better address management and implementation strategies of
shared resources and includes the broader range of components within marine systems that these
resources are dependent upon. An assessment of coastal community values for marine environments and
resources is an important partnering exercise to ensure more comprehensive and acceptable management
strategies. However, given the interactions between sectors and the need for “whole of system”
approaches to solving what are generally intractable social-ecological problems (usually due to complex
interdependencies), fully integrated approaches should be developed that considers the human system
(needs, values and governance) and the ecological system and involves stakeholders in a transparent way in
the planning and implementation of activities in the marine and coastal domain.
This approach, for an area the size of the BOBLME region, is potentially daunting given the complexities of
governance, pressures and ecosystems at that scale. It may be more tangible to select several case study
“seascapes” (regions of ecological, social and/or governance unity) from within BOBLME and focus efforts
on developing generic processes and solutions to common vulnerabilities and/or problems while
addressing resource use, conservation and development objectives across all relevant stakeholder scales
(local, provincial, nation and, if necessary, multinational). These processes and solutions could then be used
as a template to formulate integrated management plans for other seascapes in the region, leading to a
“whole of system” integrated plan supported by all levels of government.
The selection of case study seascapes could be done using suitable metrics developed with relevant
stakeholders, such as: risk from pressures; governance or livelihood typologies; or human need. Once
selected, the following processes could be carried out:
1. Ecosystem assets, pressures and human well-being analysis: This analysis will provide information on the
status and threats to ecosystem assets and the ecosystem services used by humans within the seascape,
future projections under several developmental scenarios, and the links between natural resource
status and human well-being. This analysis would build on work done in this study and the
Transboundary Diagnostic Analysis for the BOBLME. This would provide a more complete list of regional
vulnerabilities and potential transboundary issues, and the links to the human system through natural
resource use and other ecosystem services (for both provisioning and cultural services). Coupled with
this analysis, it would be necessary to elicit the values that various stakeholders hold for ecosystem
assets so that appropriate cost and benefit metrics can be ascribed to impacts and ameliorating actions,
and for integrating stakeholders at different scales into the management response (Figure 9-1).
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2. Governance and stakeholder analysis: This would provide information about stakeholders influence,
ownership and relationships and is critical for eliciting information, assessing values at different scales
and formulating appropriate management approaches. This analysis would also include a compilation of
existing management structures and programs, for comparison to the strategies formulated in the
following process.
3. Development of an integrated development and management plan, strategies and tasks: including
objectives and actions for addressing priority issues such as human wellbeing, food security and
biodiversity protection. A participatory approach should be used for developing objectives and action
plans, for addressing priority issues for the region, and including stakeholders from at least three
different scales (Figure 9-1). Again, an understanding of the different values that stakeholders at
different scales have for ecosystems assets is an important component of this approach.
4. Comparison of strategies and tasks developed in 3 (above) with the existing management structures and
programs gathered in 2 (above). This will reinforce appropriate existing programs, and illustrate maladaptive and/or missing programs that may be implemented by the appropriate governance body (this
can often be implemented at the local scale, but with support from regional bodies).

System
characterisation

• Regionalisation
• Connectivity
• Ecosystem assets • Governance
• Drivers/Pressures

Values Framework

Provincial

National

Local

Watersheds and
coastal activity

National and
International
policy

Planning, decision-making, reporting tasks

Livelihoods
CBNRM
Participatory planning

Integrated
management
Figure 9-1 Approach for integrating the 3 scales of stakeholders (local, provincial and national) for managing
ecosystems that are common in developing countries. (CBNRM = Community based natural resource management.)
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Glossary

85°E Ridge
Geological feature associated with the movement of the Indian Plate, intersects with the coast and forms
the Chilika Lakes region.
Abyssal hill
Geomorphic feature that rises from the floor of an abyssal plain. One of the most abundant geomorphic
structures, covering more than 30% of the ocean floors. Has defined edges and climbs to heights of no
more than a few hundred meters.
Abyssal plain
Geomorphic feature usually found between 3000 m and 6000 m depths, generally between the base of a
continental rise and a mid-ocean ridge. Covers more than 50% of the Earth's surface.
Abyssopelagic
Depth layer above the ocean basin, between 4000 m and 6000 m depth.
Accretion
Process by which material is added to a tectonic plate or a landmass.
Air sea fluxes
Exchange of energy between the ocean and atmosphere. Also known as heat fluxes.
Anthropogenic stress
Human impact on the environment such as ocean acidification, de-oxygenation.
Atmospheric mixed layer
The atmospheric mixed layer has nearly constant potential temperature and specific humidity with height.
Plays an important role in the physical climate, also important as its depth determines the average level of
light available to marine organisms.
Bathomes
Depth related changes in environments and ecosystems. Defined by species distributions, identified
according to depth strata.
Bathymetry
Study of the underwater depth of lake or ocean floors.
Bathypelagic
Between 1000 m to 2500 m depth.
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Bengal fan
Largest submarine fan on Earth, about 3000 km in length, 1000 km in width and maximum thickness of 16.5
km. Also known as the Ganges Fan.
Benthic
Deepest level of a marine or freshwater system. Includes the sediment surface, the water just above and
some sub-surface layers.
Benthic Boundary Layer (BBL)
Water column directly above the sea floor, constitutes an important zone of biological activity in the ocean.
Plays a vital role in the cycling of matter.
Biogeography
Study of the distribution of species and ecosystems in geographic space and through geological time.
Biological mediation
Suggested chemical exchange control between the oceanic crust and seawater, largely due to biotic and
some abiotic processes.
Boundary currents
Ocean currents with dynamics determined by the presence of a coastline. Are categorised as western
boundary currents and eastern boundary currents.
Canyons
Narrow, steep-sided valleys that originate on the continental shelf. Major incisions into the continental
slope and rise.
CARS2009
Digital climatology atlas of seasonal ocean water properties.
Chemoautotrophs
Use inorganic energy sources by biological organisms, e.g. Hydrogen sulfide and ammonia. Often in hostile
environments e.g. deep sea vents and are the primary producers in such ecosystems.
Chlorophyll-a (Chla)
Photosynthetic pigment. Concentration of Chlorophyll-a commonly measured as a predictor of
phytoplankton biomass.
Continental shelf
Underwater landmass which extends from a continent and to a depth of up to about 200 m, resulting in an
area of relatively shallow water known as a shelf sea.
Continental slope
Seaward border of the continental shelf, sloping towards the sea floor. Depth strata ranging between 200
to 2000 m.
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Cold core eddies
Type of oceanic eddy, wind and/or current forced. Circulation of these eddies draw colder, deeper water to
the surface through its central core.
Delta
Landform that forms from the deposition of sediment carried by a river as the flow leaves its mouth.
Demersal
Comprises the water column that is near to and significantly affected by the seabed and the benthos.
Demersal trawl
Involves towing a net across the seabed, to catch targets species associated with the sea floor. One of the
most widely used industrial fishing methods worldwide. Also known as bottom trawling or dragging.
Density driven (baroclinic) currents
Occur when levels of constant pressure are inclined to surfaces of constant density. In the ocean a field of
mesoscale (100 km or less) eddies involved with oceanic dynamics are generated.
Depositional environment
Describes the combination of physical, chemical and biological processes associated with the deposition of
sediment. Main controlling factors for coastal depositional environments are sediment supply, physical
processes and sea level. Includes deltas, estuaries, lagoons, strand plains, and tidal flats.
East Indian Current (EIC)
Western boundary current of the Bay of Bengal. Part of the monsoon-current system that reverses twice a
year under the influence of alternating monsoons.
Ecoregions
Defined according to biogeographic patterns and environmental drivers.
Ekman transport
Movement of ocean water by wind blowing steadily over the surface, balance between Coriolis and
turbulent drag forces. Occurs at right angles to the wind direction.
Endemism
Species being unique to a defined geographic location, such as an island, country or habitat type.
Epifauna
Benthic animals that live on the surface of a substrate e.g. sea bed, rocks, pilings, marine vegetation.
Epipelagic
The photic zone, extends from the surface down to the depth influenced by light, 100 to 200 m. Typically
the depth which phytoplankton are found.
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Equatorial Counter Current
Eastward moving, wind-driven current flowing at 10-15 m depth. Found in the Atlantic, Indian, and Pacific
Oceans. Counter current of the Indian Ocean, flows only during the northern winter and only south of the
equator. Flows westward during the north-east monsoon.
Equatorial wind belt
Six major wind belts, three in each hemisphere. From pole to equator, polar easterlies, the westerlies, and
the trade winds. All six belts move north in the southern summer and south in the northern winter.
Escarpments
Geomorphic feature characterised by steep slopes, usually with a poorly developed continental rise or none
at all.
Geomorphology
Study of the origin and evolution of topographic and bathymetric features, created by physical or chemical
processes operating at or near the Earth's surface.
Geostrophic current
Zero frequency inertial waves in the oceans. Current controlled by a balance between a pressure-gradient
force and the Coriolis deflection, produces a current flow along the pressure gradient.
Hadopelagic
Deep oceanic trenches, below 6000 m.
Hydrography
Measurement and description of physical features of oceans, seas, coastal areas, lakes and rivers.
HydroSHEDS
Hydrological data and maps based on Shuttle Elevation Derivatives. Provides hydrographic information for
regional and global-scale applications.
Hydrothermal vents
Fissure from which geothermally heated water issues. Commonly found near volcanically active places
where tectonic plates are moving apart.
Indian Ocean dipole
Irregular oscillation of sea-surface temperatures in which the western Indian Ocean becomes alternately
warmer and then colder than the eastern part of the ocean. Results in considerable variations in sea level
from year to year. Also known as the Indian Niño.
Infauna
Animals that live in the sediments of the ocean floor, rivers or lake beds.
Intertropical Convergence Zone (ITCZ)
Area encircling the earth near the equator where the northeast and southeast trade winds come together.
Region of light and irregular wind broken by occasional thunderstorms and squalls, known by sailors as the
doldrums.
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Severe Cyclonic Storms (SCS)
Tropical systems that are ranked on one of several tropical cyclone scales according to maximum sustained
winds and which oceanic basin they are located.
Kelvin wave
Ocean wave that balances the Earth’s Coriolis force against a topographic boundary e.g. a coastline. There
are two types of Kelvin waves, coastal and equatorial. They are both gravity driven and non-dispersive.
Lagoons
Shallow body of water separated from a larger body of water by barrier islands or reefs.
Large Marine Ecosystem (LME)
Large regions, 200 000 km² or greater, characterized by distinct bathymetry, hydrography, productivity and
trophically dependent populations. System of LMEs has been developed by the US National Oceanic and
Atmospheric Administration (NOAA) to identify areas of the oceans for conservation purposes.
Loess mapping
Soil derived from wind-deposited, silt sized particles that is fertile and easily worked. Loess soil is the basis
for agriculture worldwide and as a result of this importance, mapping of its distribution is undertaken.
Macrobenthos
Organisms that live on or associated with the sea bed and are visible to the naked eye.
Meiofauna
Small benthic invertebrates that live in both marine and fresh water environments e.g. bacteria,
polychaetes and foraminifera.
Mesopelagic
Also known as the middle pelagic or twilight zone, extends from 200 to 1000 m depth. Significant in the
diurnal vertical migration of numerous species between it and the epipelagic zone. Notable also for carbon
storage and vertical movement of large carbon stores downward.
MODIS (MODerate resolution Imaging Spectroradiometer)
Instrument aboard the Terra (EOS AM) and Aqua (EOS PM) satellites. Measures visible and infrared
radiation. Data obtained used to derive a number of products, including land surface cover, ocean
chlorophyll fluorescence and the distribution of sea ice.
Monsoon
Seasonal changes in atmospheric circulation and precipitation associated with the asymmetric heating of
the land and ocean.
Mudflats
Coastal wetlands that form when mud is deposited by tides or rivers. Also known as tidal flats.
Neodymium (Nd)
Dissolved Nd is measured to determine water mass mixing and particulate matter concentration.
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Neritic
Water column overlying the continental shelf down to 200 m depth.
Ninetyeast Ridge
North-south trending aseismic volcanic ridge that extends around 5000 km between 10°N and 30°S along
the 90°E meridian.
North Equatorial Current
Significant current of the Pacific and Atlantic Oceans that flows east-to-west between 10° and 20° north,
and is the southern side of a clockwise subtropical gyre.
North Monsoon Current (NMC)
Also referred to as the Winter Monsoon Current. During winter, the flow of the upper ocean is directed
westward from near the Indonesian Archipelago to the Arabian Sea.
Ocean Boundary Layers (OBL)
Upper ocean boundary layer dynamics determine the coupling between the atmosphere, wave surface and
the deeper ocean.
Oligotrophic
Low nutrient environments, little biogenic activity e.g. deep oceanic sediments.
Particulate Organic Matter (POM)
Fine particles of organic matter which are suspended in the ocean water column, and come from a range of
sources (e.g. terrestrial/river input, small dead animals and plants, faecal material, fish scales etc).Also
known as marine snow.
Pelagic
Relating to the open seas or oceans; any water that is not near the bottom or near the shore.
Photic zone
Upper part of the water column that is exposed to sunlight and permits photosynthesis (to ~200 metres in
the open ocean depending on water clarity). It extends from the surface down to a depth (euphotic depth)
where light intensity falls to one percent of that at the surface. Also called the euphotic zone.
Phytoplankton
Small, plant life which move primarily or exclusively by water currents. They are an autotrophic component
of the marine food web, playing a key role in removing carbon.
Picoplankton
Very small plankton, between 0.2 and 2 μm in size. They can be photosynthetic, heterotrophic or
mixotrophic.
Plateau
A submarine elevation rising at least 200 m above the surrounding deep-sea floor and characterised by an
extensive, relatively flat or gently tilted summit.
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Primary Production
Synthesis of organic compounds from atmospheric or aqueous carbon dioxide. Principally occurs through
photosynthesis (light energy), but can also occur through chemosynthesis (chemical compounds).
Picnocline (Pycnocline)
Boundary layer in a body of water where the density gradient is greatest, usually due to areas of different
temperature or salinity. Can prevent the supply of nutrients from the lower ocean layer into the upper
layer.
Ramsar Convention on Wetlands
An intergovernmental treaty that provides the framework for national action and international cooperation
for the conservation and use of wetlands and their resources.
Ridge
Underwater mountain range formed by plate tectonics resulting from a subduction zone created by
ongoing convergence of two boundaries. The major ocean basins are separated by ridges.
Rossby waves
Natural phenomenon in the atmosphere and oceans, having a significant influence on weather. Oceanic
Rossby waves are large-scale waves within an ocean basin. Low amplitude, centimetres (at the surface) to
metres (at the thermocline), compared to a very long wavelength, can be hundreds of kilometres. Travel
only from east to west across oceans, possibly taking months to cross an ocean basin.
Seamount
Mountain rising 1000 to 4000 m above the deep-sea floor, without reaching the water's surface. Contains
unique bentho-pelagic ecological communities based on the current systems associated with the change in
bathymetry and the related resuspension of organic material.
Seasonal hypoxia
Oxygen deficiency that falls below a level necessary to sustain most animal life, resulting from interactions
between biological, chemical and physical factors. Natural phenomenon that occurs periodically in coastal
waters around the world.
Sea Surface Height (SSH)
The height (or topography or relief) of the ocean's surface.
Sea surface temperature (SST)
Water temperature close to the ocean surface. Sea surface temperature affects the behaviour of air masses
within a short distance of the shore.
Sediment fan
Formed by turbidity currents from large-scale sediment deposition. Also known as abyssal fans, deep-sea
fans, underwater deltas and submarine fans.
Solitary internal waves
Gravity waves that oscillate within a fluid medium, rather than on its surface. To exist, the fluid must be
stratified, e.g. temperature, salinity.
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Semidiurnal macro tides
Two high tides and two low tides per day, with a tidal range greater than 4 m.
South Monsoon Current (SMC)
Flows eastward south of India, turning around Sri Lanka and enters the Bay of Bengal. This intrusion
appears first as a broad northward shallow, confined to upper 200 m flow in the central part of the Bay of
Bengal during May. Over summer, it moves westward, intensifies, and becomes narrow. Also referred to as
the Summer Monsoon Current.
Sri Lankan Dome (SLD)
Recirculation feature located to the east of Sri Lanka during the SW monsoon. Results from the interaction
between the SMC and the island of Sri Lanka.
Stratification
Occurs when water masses with differing properties form layers that act as barriers to mixing. Layers are
normally arranged according to density (least dense sitting above more dense). Includes salinity (halocline),
oxygenation (chemocline), density (pycnocline), temperature (thermocline).
Tectonic subduction
Takes place at convergent boundaries, one tectonic plate moves under another and sinks into the mantle as
the plates converge.
Terraces
Geomorphic feature. Former shoreline of a sea or ocean. Can be formed by marine abrasion or erosion of
materials comprising the shoreline.
Terrigenous input
Sediment transported to the oceans by rivers and wind from land sources.
Thermocline
Transition layer between the mixed layer at the water surface and the deep water layer, based on
temperature.
Thermohaline circulation
Temperature and salinity related density changes, refers to the flow of ocean water caused by changes in
density.
Tsunami wave
Series of ocean waves typically with hundreds of kilometres wavelengths caused by large-scale
disturbances of the ocean e.g. earthquakes.
Turbidity current
Rapidly moving, sediment-laden water. Driving force of a turbidity current derives from its sediment.
Upwelling
Wind-driven motion of dense, cooler, and usually nutrient-rich water towards the ocean surface, replacing
the warmer, usually nutrient-depleted surface water.
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West Indian Coastal Current (WICC)
Flows northward through November to February and southward during April to September, reverses
seasonally.
Wyrtki jet
Strong zonal flows that occur typically during boreal spring and fall in the Indian Ocean. Also know as an
Equatorial jet.
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