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FOREWORD

The South Asian Seas Programme (SASP) has taken the initiative in organising a
Training Workshop on Marine Resources Sampling, Data Collection & Interpretation
for the South Asian Seas based on a recommendation of the Intergovernmental Meeting
of Ministers of SASP, wherein Capacity Building has been identified as one of the four
major activities. Some of the cross-cutting issues are Development of National
Research, Monitoring and Assessment Capacity, including Training in Assessment
and Early Warning; Support to National and Regional Institutions in Data Collection,
Analysis and Monitoring of Environmental Trends; and Access to Scientific and
Technological Information.

It is noted that the Bali Strategic Plan for Technology Support and Capacity Building,
approved by Ministers in the Twenty-Third Session of the United Nations Environment
Programme, Governing Council (UNEP-GC), capacity building was taken as a priority
area and one of the thematic areas identified by Bali Plan of Action was Oceans and
Seas and Coastal Areas, including Regional Seas and the Protection of the Marine
Environment from Land-based Activities.

As a part of this workshop SACEP has complied a Manual which we feel is indeed
timely and would be a bench mark document not only for this region but to all other
Regional Seas Programmes. The themes covered in the Manual are Marine Pollution,
Oil Spill & Mitigation Techniques, Near Shore Environment, Ocean - Data Collection,
Presentation & Analysis, Policy & Management and the Status of Multilateral
Environmental Agreements (MEAs) on Coastal and Marine Environment for SAS
member countries.

We also wish to place on record, the contribution received from Government of India,
in their capacity as the current Chairman of the South Asian Seas Programme in
providing technical facilities to conduct this workshop which amounts around 70% of
the total budget and UNEP’s financial support to meet the cost of participation of the
member country delegates and the technical support.

Itis SACEP’s wish that this Workshop will pave the way for future similar activities. We
look for a positive outcome from this workshop and would endeavour implementation
of the recommendations resulting from our effort.

Jacintha S. Tissera
Officiating Director General
South Asia Co-operative Environment Programme
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MESSAGE

The marine environment experiences multiple uses by human ranging from traditional use for
fishing and navigation to modern use for harnessing energy, minerals and waste disposal. These
uses stress and in many cases adverse effects on marine ecosystem, especially the fishery
resources. Athorough understanding of the physical, chemical, biological and geological processes
prevalent in the marine environment reveal the causes of decline in fish production. For example
the physical processes like currents, play a vital role in transporting the chemical elements present
in the wastes disposed into the sea from its place of disposal to remote areas thus affecting a virgin
area which is devoid of any source of waste generation and disposal. The high levels of chemical
elements in the sea have several adverse effects like reproductive failures in fishes.

Understanding the marine processes is achieved through observation of wide range of parameters.
Considering the vastness and hostile weather conditions in the sea, observation of oceanic
parameters through ship based methods has always been remaining a challenge. The recent
advancement of remote sensing techniques especially by sensors from satellites has given
tremendous advantage of obtaining data on oceanic parameters on a higher frequency due to
repetitive coverage of satellites over the world ocean.

The present training workshop on the Marine Resources Sampling, Data Collection and
Interpretation for the South Asia Seas has included the unique feature of ship based techniques for
ocean observations onboard the Oceanographic Research Vessel (ORV) Sagar Kanya, which is
one of the ocean going research vessels of Ministry of Earth Sciences, Government of India.
Further training organized at Integrated Coastal and Marine Area Management Project Directorate
(ICMAM-PD), Chennai and Indian National Centre for Ocean Information Services (INCOIS),
Hyderabad can signify the importance and need for collecting these data.

| am also glad to note that UNEP is financially supporting this programme and UNDOALOS and
UNEP-GRID Arendal have also joined to conduct this training workshop. Further | appreciate the
efforts taken by the South Asian Seas Programme / SACEP for organizing this workshop and all
my colleagues who have participated to this task.

I hope that this training workshop will provide an opportunity to the participants to get familiarize
themselves in the sampling and observation techniques using a wide range of equipment. | wish
the training all success.

Dr. Shailesh Nayak

Secretary

Government of India

Ministry of Earth Sciences

‘Mahasagar Bhavan’, Block-12 C.G.O. Complex
Lodhi Road, New Delhi-110 003
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Envirenmentol Knowledge for Change

Dear workshop participants

GRID Arendal is an official UNEP collaborating centre located in Arendal Norway. GRID Arendal
has established a marine programme that focuses on the application of geoscientific information
to provide knowledge, tools and the development of capacity to support the improved management
of the oceans. The programme draws on the expertise developed through the UNEP Shelf
Programme and its network of partners.

GRID Arendal fully supports the approach to the marine environment championed by the Regional
Seas Programme — acknowledging the transboundary nature of many marine environmental and
management issues and that we share the common ocean.

GRID Arendal hopes that this workshop in Chennai, addressing the important issues of marine
resources and data collection, marks the beginning of a very fruitful relationship with the South
Asian Seas. The South Asian Seas region combines unique marine habitats with rapidly expanding
human use, so careful marine management is essential. It is an area where there is large capacity
for the collection and interpretation of geoscientific and biophysical data and GRID Arendal looks
forward to working with the South Asian Seas in finding ways to use this data to support ecosystem
based management.

Best regards
Morten Sorensen

Head, Marine Programme
GRID-Arendal
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INTRODUCTION

Background and Rationale

The Inter-governmental Meeting of Ministers of the South Asian Seas Programme (SASP) had
approved the South Asian Seas Action Plan and identified Capacity Building as one of the four
major activities. Within this framework, SASP has identified Capacity Building in Marine Sciences
as one of the important issue pertaining to this region. It is acknowledged that the mid-level managers
working in the field of policy making and research relevant to SASP should be given an opportunity
to understand the latest developments in the field of Marine Environmental Management at the
National, Regional and Global level and also to provide platform for them to interact with each
other.

The Bali Strategic Plan for Technology Support and Capacity Building approved by the Environment
Ministers at the Twenty-Third Session of the United National Environment Programme, Governing
Council (UNEP-GC) also noted that Capacity Building is to be taken as a priority area.

This is ajoint effort of SACEP / SASP in collaboration with UNEP and the Ministry of Earth Sciences,
Government of India. The programme funded by Government of India and UNEP.

Also United Nations Department of Ocean Affairs and the Law of the Sea (UNDOALOS) and UNEP
- GRID Arendal are partners to this Training Workshop.

Objective
To conduct a training on board research vessel and in laboratory for middle managers working in
Government Departments in SAS member countries; i.e. Bangladesh, India, Maldives, Pakistan
and Sri Lanka, on Marine Resources, Sampling, Data Collection & Interpretation.
Expected Outcome
Enhanced skills and knowledge from the hands-on experience and the lectures delivered
by eminent resource persons from Regional Research Institutions and UN organizations

on correlation and interpretation of data.

Enabled the mid-level managers to define policies and programmes to effectively perform
their duties in conservation and management of marine resources

Strengthened collaboration and interaction among the participants that will contribute to
develop and implement future regional activities

Methodology

The SAS member countries are represented by 2 participants from each country viz. Bangladesh,
India, Maldives, Pakistan and Sri Lanka.

Resource Persons are from Ministry of Earth Sciences, Government of India, ICMAM PD Chennai,
NCAOR Goa, INCOIS Hyderabad, UNEP Nairobi, UNEP-GRID Arendal Norway, UNDOALOS New
York, Indian Coast Guard and SASP / SACEP Colombo Sri Lanka.



Training is divided into three components such as on board the ship and in laboratory in Chennai
and Hyderabad for a period of 5 days. Marine Pollution, Near shore sampling and GIS techniques
for the coastal data presentation are demonstrated at the Integrated Coastal and Marine Area
Management -Project Directorate (ICMAM) Chennai India. The training workshop also covers
practical demonstration in the field on board the research vessel Sagar Kanya which is co-ordinated
by National Centre for Antarctic & Ocean Research, Goa, India. Finally visit to the Institute Indian
National Centre for Ocean Information Services (INCOIS), Hyderabad India to understand the
ocean data collection, interpretation and dissemination techniques.

The programme is organised in three stages

Integrated Coastal and Marine Area Management- : 18 September 2009
Project Directorate (ICMAM - PD), Chennai

Sailing on board Sagar Kanya : 19 to 21 September 2009
Indian National Centre for Ocean Information : 22 September 2009

Services (INCOIS), Hyderabad

This is unique of its kind as training workshop comprises of field data collection and specialist
lectures on international policies and regulations.

Manual:

It is decided that a manual on this training workshop will be very beneficial to participants and can
be used as reference material for the SAS region. With support of resource persons the manuscripts
were compiled and printed.

From the lecture notes, themes are divided as Marine Pollution, Near Shore Environment, Ocean
- Data Collection, Ocean - Data Presentation & Analysis and Policy and Management. The status
of Multilateral Environmental Agreements on Coastal and Marine Environment for SAS member
countries is compiled and presented here. This is a long standing requirement, as these are co-
ordinated by different ministries in the respective countries. All efforts are made in coordinating
with various agencies to make this Manual a useful and Unique Reference Material for the Effective
and Sustainable Management of Coastal and Marine Resources in the South Asian Seas Region.

R. Venkatesan
SASP Coordinator — South Asian Seas Programme

SACEP



MARINE POLLUTION

Marine pollution
includes a range of
threats including
from land-based
sources, oil spills,
untreated sewage,
heavy siltation,
eutrophication
(nutrient
enrichment),
invasive species,
persistent organic
pol-lutants (POP’s),
heavy metals from
mine tailings and
other sources,
acidification,
radioactive
substances, marine
litter, overfishing
and destruction of
coastal and marine
habitats

UNEP




1.STATUS OF MARINE POLLUTION IN THE BAY OF BENGAL AND ARABIAN SEA
BORDERING INDIA

Dr B.R. Subramanian
Integrated Coastal and Marine Area Management Project Directorate
Ministry of Earth Sciences
Chennai, India

India has a coastline of 7516 km. It has an Exclusive Economic Zone of 2.04 Million Sg. Km. Out of
its 820 million population, nearly 25% live in the coastal areas. Many highly populated and
industralised cities like Bombay, Madras, Calcutta, Cochin, Visakhapatnam are located along/near
the coastal areas. There are 11 major ports and a number of minor ports handling shipping to
various degrees of intensity. The coastline of the mainland fall under the divisions of 9 States and
two Union Territories. The coastline of islands belong to Andaman, Nicobar and Lakshadweep
(Laccadives) group of islands. The details of its population, area etc., are given in Table 1.

1. HYDROGRAPHIC FEATURES

In relation to the Equator, the Indian Ocean has an asymmetric shape largely due to the presence
of the Asian continent. The result is that this ocean gets separated from the deep-reaching vertical
convection areas of the northern hemisphere. Such an asymmetric configuration leads to a weak
circulation and poor renewal at depths of the Northern Indian Ocean.

The Indian Ocean can, broadly speaking, be divided into three regions on the basis of their distinct
circulation systems (i) the seasonally changing monsoon gyre; (ii) the south hemisphere subtropical
anticyclonic gyre; and (iii) the Antarctic waters with the circumpolar current. The monsoon gyre,
unique to the Indian Ocean, is separated from the subtropical anticylonic gyre by a front in the
hydrochemical structure at about 10° S. Latitude.

The Indian Ocean, north of the Equator, comprising of the Arabian Sea, the Bay of Bengal, the
Andaman and Laccadive Seas, in addition to the equatorial region, comes under the monsoon
gyre. However, the hydrographical and hydrochemical characteristics are widely different in different
parts of this gyre itself owing to the diverse meteorological and geographical factors characteristic
of each area.

The Arabian Sea is bordered on the northern, eastern and western sides by the land masses of
Asia and Africa. It is connected to the Gulf through the Gulf of Oman by a 50m deep sill at the
Hormuz Strait. Similarly, a 125m deep sill at the Strait of Bab-el-Mandab separates the Red Sea
from the Arabian Sea through the Gulf of Aden. The Arabian Sea is an area of negative water
balance where evaporation exceeds precipitation and runoff. The excess of evaporation over
precipitation is maximum (100- 150cm) off the Arabian coast and decreases steadily towards the
southeast. A slight excess of precipitation over evaporation (<20cm) occurs annually off the
southwest coast of India. The high rate of evaporation results in the formation of several high-
salinity water masses. The Arabian Sea high salinity water, formed in the northwestern Arabian
Sea, flows southward and can be traced as a tongue of high-salinity within the surface layer. The
high salinity water in the Gulf, characterised by a sigma value of 26.6, flows through the Hormuz
Strait and the Gulf of Oman into the Arabian Sea and maintains its density level at about 300m
depth. This water mass flows south, mostly east of 63°E longitude, and loses its characteristics in
the southern Arabian Sea. The Red Sea water enters the Arabian Sea through the Strait of Bal-el-
Mandab and the Gulf of Aden along sigma 27.2 at the surface. This water mass is generally confined
to south of about 17° N latitude.



Occasionally, the sub-surface high salinity water masses originating in the Gulf and the Red Sea
form a thick layer which is vertically of almost uniform salinity, although the individual layers can
still be recognized as weak salinity maxims. The wholelayer is called the North Indian high-salinity
intermediate water. The deep and bottom waters are of circumpolar origin, probably transported
by a deep western boundary current through a chain of basins. They are called the North Indian
Deep Water and North Indian Bottom Water.

Surface circulation in the Arabian Sea undergoes biannual reversal associated with the southwest
(SW) and northeast (NE) monsoons. The NE monsoon is weak in this region, but the SW monsoon
is very intense. Strong winds blowing with the Somali and the Arabian coasts to the left cause
intense upwelling off these coasts during the SW monsoon period. Moderate upwelling also occurs
off the southwest coast of India, partly due to the cyclonic motion in the neighbourhood of the
Maldives and the Laccadives.

In contrast to the Arabian Sea, the Bay of Bengal is a region of positive water balance. The average
annual excess of precipitation is of the order of37Ocm. The total annual river runoff in the Bay of
Bengal has been estimated to be about 2.000 km™. The high excess of precipitation over evaporation
and the massive river runoff result in low surface salinities, especially in the northern Bay of Bengal.
The salinity, lower at any level in the Bay of Bengal as compared to the Arabian Sea, increases
steeply within the thermocline/ pycnocline and a weak salinity maximum may be observed at a
depth of about 500m. The salinity thereafter decreases monotonously with depth. The SW monsoon
current probably carries the North Indian high salinity intermediate water from the Arabian Sea and
fills the Bay of Bengal at intermediate depths, resulting in the salinity maximum. The deep water is
of circumpolar origin probably derived from the Central Indian basin.

As in the Arabian Sea, the surface circulation in the Bay of Bengal changes with the monsoon
cycle. The NE monsoon is much more intense here as compared to the Arabian Sea. Induced by
favourable currents and winds, moderate upwelling occurs along the coast of India during the SW
monsoon, even though the runoff from the rivers may partially compensate for the offshore movement
of surface waters.

2. COASTAL ECO-SYSTEMS
Coastal wet lands

Along the Indian coastline, the brackishwater areas including marshes, backwaters, mangroves,
inter- and sub-tidal measures about 14,16,300 hectares. These areas act as feeding and nursery
grounds for a variety of commercially important fish, prawn and crabs, media for inland transportation,
fishing etc.

Mangroves

Along the Indian coast mangroves are found along the islands, major deltas, estuaries and
backwaters of the east coast of India. They also exist along the oceanic island groups of the
Andaman and Nicobar . The total mangrove area is estimated to be 6,81,976 hectares. While the
mangroves along the west coast of India are dense, they are scattered and comparatively small in
area along the West coast. Gangetic Sunderbans (418,888 ha), Andaman-Nicobar Islands (115,000
ha), Krishna, Kaveri and Godavari deltas and Mahanadi delta are some of the best mangrove
formations of India. There are about 45 mangrove species along the Indian coast. The dominant
genre are Rhizophora, Avicennia, Bruquiera, Sonneratia, Canocarpus, Heretiera, Xylocarpus,
Ceriops, and Exoecaria. Mangrove forests mainly function as the most ideal spawning, breeding
and nursery grounds for nearshore an estuarine organisms like fishes, crabs, prawns, molluscs,
etc. Some of the common and economically important species are Mugil cephelus, Hilsa ilisha,
Lates calcarifer, Scylla seratta, Meretrix casta, Crassostrea grephoides and Penaeaus spp.
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Apart from the captive and culture fisheries, mangroves are also important as “Coastal Stabilizers”
and “Shelter belt areas”. These formations protect the coasts and the landward areas from erosion
and cyclonic destructions to some extent. Apart from these the mangrove forests of India have
importance from a wildlife, recreation and education point of view. “Project Tiger” of Sunderbans
and “Crocodile Sanctuary” in the Mahanadi delta are examples of such activities.

Coral reefs

Around India, coral reef formations are found in the Palk Bay, Gulf of Mannar, Gulf of Kutch,
Central West coast of India, Lakshadweep atolls, and Andaman-Nicobar Islands. Both the coral
atoll and the fringing coral reefs are of utmost significance in Indian waters. A few species of corals
have recently been reported from the Malvan (Maharashtra) coast. 32 genera from Minicoy Islands,
34 genera from Palk Bay and Gulf of Mannar, 25 genera from Andaman Islands, 9 genera from
Lakshadweep and 3 genera from Nicobar Islands have also been reported. 342 species belonging
to 76 genera from the seas around India have been described.

Primary productivity studies of coral reefs in Indian waters indicated comparable rates with other
reefs and marine ecosystems. Often the large benthic algal communities and extensive seagrass
beds are equally important as the energy released from them is transferred to higher trophic levels
by way of the detrital food chain.

3. ENVIRONMENTAL PROBLEMS

India is one of the highly populated countries in the world. The demographic pressure, rapid
industrialisation and urbanisation in the coastal cities, and towns have added variety environmental
problems, besides those are caused due to natural events. Details on population, reverine discharge
etc., are given in Table 1. A brief account of these problems and remedial measures taken are
outlined below:

Disposal of Domestic Sewage

Demographic pressure in the urban cities and towns have resulted in the production of enormous
amounts of domestic waste materials. These materials reach the marine environment either directly
or indirectly through rivers, creeks, bays, etc. The domestic sewage contributes to the largest
amount of waste and it has been estimated that approximately 18,240 MLD (Million Litres per Day-
as of 1994) reach the coastal environment of the country. Even though the quantity of these
wastes vary from place to place, the chemical characteristics of these almost remain similar. The
features of domestic sewage of Bombay is given in Table 2.

Domestic wastes are discharged mostly in untreated conditions due to the lack of treatment facilities
in most of the cities and towns. It has been reported that only primary treatment facilities are
available in cities and towns where the population is more than 100,000 and the capacity of the
plants is not adequate for the treatment of the total waste generated in the cities and towns. For
example, in Bombay, the treatment facilities are available only for 390 MLD as against 1600 MLD
of domestic sewage which is generated. Due to such partial treatment, the chemical characteristics
of the waste water retain almost their original features and cause damage to the environmental
water quality.

Industrial Waste

India is one of largest industrialised nations in the world. Major industrial cities and towns of the
country such as Surat, Bombay, Cochin, Madras, Visakhapatnam and Calcutta are situated on or
near the coastline. The total quantity of wastes discharged by these industries is estimated to be
0.7 x 109 cu.m (as of 1994) Details of industries located in the coastal states are givenin Table 3.
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4. PROGRAMME FOR MONITORING MARINE POLLUTION

One of the basic requirements for controlling pollution is generation of data on levels of pollutants
over a period of time so that a clear picture on the increase and decrease of pollution in
correspondence with measures taken can be obtained. For this purpose systematic monitoring of
levels of pollutants along the selected and appropriate regions of the country’s coastline is essential.
With this objective, a programme on Coastal Ocean Monitoring and Prediction Systems (COMAPS)
is being operated since 1991 by the Department of Ocean Development in close co-operation
with the Ministry of Environment and Forests. The main objective of the programme is to constantly
assess the health of India marine environment and indicate areas that need immediate and long-
term remedial action. Data on nearly 25 environmental parameters are being collected at 77
locations with the help of 11 R&D institutions in the 0 -25 km sector of the coastline of the country.

Objectives

- To establish a knowledge-base in the field of biogeochemical parameters in estuaries and in
coastal, shelf and open seas.

- To operate an appropriately structured information system for ready dissemination of various
data sets to users in government, industry, research and social institutions.

- To provide advisory and technical services to government, industry and public institutions aimed
at evolving pollution containment measures.

- To detect radical changes in the biogeochemical regimes of the marine system and to alert
government, public and social institutions, of their implications.

- To set standards for the measurement of various pollution parameters and to ensure compatibility
between the data acquired and processed by various monitoring agencies.

Institutional arrangements

In order to achieve adequate coverage for monitoring of our coastal waters, DOD Centre/Units
were established in the major laboratories in maritime States

Parameters and locations of monitoring marine pollution

The coastal waters from Kandla to Kanyakumari to Bangladesh border upto a distance of about
25km from the shoreline along the predetermined transects was monitored. These transects were
selected on the basis of (a) location of industries (b) Ecologically Sensitive areas and (c) location
of urban establishments and d) based on earlier base line survey. Accordingly 78 locations have
been selected and the details of these locations are given below :

GUJARAT
Kandla, Poshitra, Vadinar, Okha, Dwarka, Porbandar, Veraval, Hazira

DIU, DAMAN
MAHARASHTRA

Trombay, Bassein, Mahim, Thane, Bombay Harbour, Versova, Ulhas creek, Murud, Thal, Ratnagiri,
Reddy



GOA
Mandovi, Zuari, Marmagao*

KARNATAKA
Karwar*, Honawar, Mangalore*

KERALA
Kasargod, Cannanore, Calicut, Ponnani, Kochi*, Alleppey, Kayamkulam, Paravur, Quilon*, Veli*

TAMIL NADU

Kanyakumari, Koodankulam, Arumuganeri, Tuticorin, Vaiparu estuary, Gundaru estuary, Mandapam
(Palk Strait), Mandapam (Gulf of Mannar), Uchipulli, Thondi, Nagapattinam, Cuddalore, Cooum,
Madras Harbour, Ennore

PONDICHERRY Pondicherry, Karaikal, Yanam (Gautami - Godavari)

ANDHRA PRADESH
Krishnapatnam, Nizampatnam, Machilipatnam, Kakinada Bay, Visakhapatnam Harbour,
Visakhapatnam Steel Plant, Kalingapatnam

ORISSA
Dhamra, Gopalpur, Paradip, Puri, Konark, Chandipur

WEST BENGAL
Saptamukhi, Digha, Sandheads, Diamond harbour, Haliday island, Dalhousie Point, Sunderbans,
Indo-Bangladesh Border

ANDAMAN & NICOBAR ISLANDS
Port Blair

LAKSHADWEEP ISLANDS
Kavaratti

Parameters

A list of parameters on which data is being collected is presented below :

a) Water quality

Temperature, salinity, dissolved oxygen, pH suspended solids BOD, inorganic phosphate, nitrate,
nitrite, ammonia, total phosphorous, total nitrogen, total organic carbon, petroleum
hydrocarbons,pathogenic Vibro pathogenic Enterobacteriaceae (E.Coli, Salmonella, Shigella,
Proteus klebsiella, Vibrio cholera, Pseudomonas aerugenosa and Streptococcus faecalis).

b) Sediment quality

Texture, organic carbon, phosphorous, cadmium, lead and mercury and pesticide residues (DDT,
BHC and Endosulfan). Radioactivity levels through the assistance of Bhabha Atomic Research
Centre, Bombay. Pathogenic Vibros, pathogenic Enterobacteriaceae (E.Coli, Salmonella, Shigella)
c) Biological characteristics

Primary productivity, chlorophyll a phaeophytin, phytoplankton cell count, total and major species

of phytoplankton. Zooplankton standing crop. Experimental trawling for catch, total species and
major species of fishes.



Selected organisms to be analysed for cadmium, lead and mercury and for pesticide residues
(DDT, BHC, Endosulfan)

Intensively monitored as an area of concern/definite source of pollution
Coastal Research Vessels

The institutions involved in the Coastal Ocean Pollution Monitoring Programme (COMAPS)
programme were collecting sea water , sediment and biological samples by engaging small
trawlers. Afew parameters like nitrate, phosphate, etc. will have to be analysed immediately after
the collection of the samples. These fishing trawlers, have an endurance of less than 14 hours
and have no space to keep instruments, and therefore, the samples collected were brought back
to the shore to rush to the laboratory for analysis of the mandatory parameters. This is a time
consuming and laborious procedure. Further, as the fishing trawlers are available in places where
jetty facilities are available, collection of samples around 2 to 3 kms in places where jetty facilities
are available, alone was possible.

In order to overcome the shortcomings, the DOD has acquired two Coastal Research Vessels
namely Sagar Purvi and Sagar Paschimi in 1996. They are of 30 metres in length. These
vessels facilitate collection of samples at all desired locations. Laboratory facilities along with
analytical instruments are also built in for onboard analysis of mandatory parameters. Some of the
analytical equipment kept on board the vessel, include Auto Analyser, Spectroflurometer,
Spectrophotometer, etc. The vessels have modern satellite communication and navigational
facilities.

OUTPUTS OF COMAPS PROGRAMME
STATUS OF MARINE POLLUTION

From the data generated the status of marine pollution in the country could be fairly understood
and the details are as under:

Areas Of Clean Sea Water Quality

The sea approx. off 2 km all along our coastline except off Bombay and the locations not specified
in the under mentioned categoriesis clean and conform to qualities of clean sea water.

As aresult of the systematic monitoring of the coastal areas, health of our seas could be assessed
and areas of low, medium and high concentrations of pollutants could be identified. The areas of
high concentration of pollutants are being monitored intensively. Details of these locations are:

i) Areas of clean sea water quality:

The sea approx. beyond 2 Km along the coastline of India except off Bombay is clean and
conform to quality of clean waters. In Bombay, the sea off 5 Km is clean. Thisis primarily due to
the fact that the levels of dissolved oxygen and other parameters fulfilling the requirements of
clean sea water.

ii) Areas of no concern:

In Vadinar and Kandla of Gujarat, Ratnagiri in Maharashtra, Mandavi and Zuari in Goa, Mangalore
Port in Karnataka, Cannanore and Calicut in Kerala, Cuddalore in Tamil Nadu and the West Bengal
coast, the concentrations of dissolved oxygen was fairly good and other toxic elements like ammonia,
heavy metals in sediments and biota were slightly higher (about 15%) than the clean waters.



iii) Areas that need intensive monitoring

In Porbandar, Damanganga estuary, and Vapi industrial estate in Gujarat, Mangalore coast in
Karnataka, Kochi backwaters, Quilon, Paravur in Kerala and Tuticorin and Arumuganeri in Tamil
Nadu, Puriin Orissa the levels of dissolved oxygen were moderate to normal and however some
of the elements like ammonia, pathogenic bacteria in sea water and heavy metals in sediments
showed higher concentration (about 25%) than the normal values. Due to the definite source of
pollutants and chances of increase in concentration are likely to be high, these areas need intensive
monitoring.

iv) Areas of concern

In Veraval Port in Gujarat, Versova Creek, Mahim Bay and Thane Creek in Maharashtra, Veli in
Kerala, Visakhapatnam Harbour and Kakinada Bay (canal) in Andhra Pradesh, the concentrations
of dissolved oxygen were nil to low during low tide period and improved their levels only moderately
(30-50%) during the high tide period. Further, the levels of toxic metals like cadmium and lead
were high in sediments in some locations (like Thane creek) and pH was very low (Veli). If no
control measures are exercised now, the areas will become regions of high concentrations of
pollution in the another 5 to 6 years.

Levels of organochlorine pesticides like HCH and DDT were analysed in 32 species of marine fish
collected at various locations along the east coast of India. The levels of both the chemicals were
very much lower than those observed in the terrestrial animals and other food items. These levels
are well below the limits (5 parts/billion is the safety limit) set by the Health authorities. This would
indicate that the marine fish is not contaminated with the pesticide residues in the locations from
which the samples were collected.

Several samples of fish species collected along the various locations along the West Coast also
indicated that the DDT levels ranged from 0 to 1.7 parts per billion and HCH levels from .045 to 1
part per billion well below safety limits.

The results are being brought to the notice of the State Pollution Control Boards and they are being
evaluated by a Steering Committee chaired by the Chairman, Central Pollution Control Board and
represented by all the Coastal State Pollution Control Boards (CSPCB). In these meetings action
taken by the CSPCBs are discussed at length.

5. ACTION TAKEN FOR REMEDIAL/CONTROL MEASURES

India has a wide range of laws and regulations governing the environment. These include: laws
enacted by the Parliament, regulations issued by the Central and State Governments as well as an
increasing body of judicial decisions affecting industrial activity that generate pollution. The major
environmental acts are:

- The Water (Prevention and Control of Pollution) Act, 1974

- The Water (Prevention and Control of Pollution) Cess Act, 1977
- The Air (Prevention and Control of Pollution) Act, 1981

- The Environment (Protection) Act, 1986

- Public Liability Insurance Act, 1981

- Hazardous Waste (Management and Handling Rules), 1989

- Environment Audit Rules, 1992

- Environment Impact Assessment Notification, 1994



Policy Framework

The Government of India has formulated a comprehensive Policy Statement for Abatement of
Pollution which envisages integration of environmental and economic aspects of development
planning, lays stress on preventive aspects of pollution abatement and promotion of technological
inputs to reduce industrial pollution.

The Policy aims at:

- Prevention of pollution at source,

- Encourage develop and apply the best available, practicable technical solutions,
- Ensure that the polluter pays for the pollution and control arrangements,

- Focus on the protection of heavily polluted areas and river stretches, and

- Involving the public in decision making

Promotional measures

Pursuant to the Policy Statement for Abatement of Pollution, several initiatives have been taken for
promoting cleaner technologies of industrial production. These include: economic instruments,
such as water cess, effluent charges, financial assistance by way of credit and loans at reduced
rates of interest, establishment of a clean technology institutional network designed to promote the
development, diffusion and transfer of technologies with environmental benefits for industrial sector,
extension services for the identification of appropriate waste minimisation and abatement methods
for small scale industries and organisation of waste minimisation circles, strengthening of standards,
eco-labelling etc.

Industrial Zoning Atlas

A detailed exercise for preparation of zoning atlas for siting fo industries based on environmental
considerations in various districts of the country has been taken up. So far, zoning atlas for 19
districts have been developed. 24 critically polluted areas have been identified and action plan for
control and abatement of pollution have been prepared for 21 areas, out of which 12 are in coastal
areas. Studies on effect of environmental pollution on health of surrounding population in these
areas have also been taken up.

River Action Plans

River basin-wise surveys were conducted to identify the polluted stretches and their sources.
Based on such surveys, Ganga Action plan and subsequently National River Action plan for all
major rivers in the country have been launched.

Pre-Assessment

Environmental Impact Assessment for 29 categories of projects have been made mandatory. The
proponent has to prepare a detailed a EIA report indicating the existing status, likely environmental
impacts and proposed remedial measures. Public consultation and incorporation of their views
regarding social and socio-economic aspects relating to the project are also mandatory. While
approving the project, conditions for environmental safeguards are given to the proponent, which
are periodically monitored and reported during the implementation of the Project.

Treatment of wastes and results

For the past three years the efforts to put up the sewage treatment plants in all the coastal states
and towns were intensified and also the dispersal of the treated effluents in the deeper areas of the

10



sea for better dilution and dispersal through pipelines have also been planned. Several treatment
plants have been set up in Bombay city and similar such proposals are under consideration in
Madras and Calcutta. The government has prepared an action plan for treatment of wastes that
are being generated from the domestic sources. Assistance from the International funding agencies
like World Bank have already been availed for setting up of waste treatment plants and for
construction of deep sea outfalls for the Bombay city. Efforts are also on to avail more technological
and financial assistance for other areas.

The enactment of Water Pollution Act in 1974 and Environment Protection Act, 1986, have helped
in regulating the disposal of wastes from the industries. Now all the major industries treat their
effluents and comply with the standards set for each type of industry. The impact could be seen in
improvement of seawater quality in Bombay, Cochin, Madras, Visakhapatnam, etc. Rules and
guidelines have been prepared relating to hazardous waste management and handling of hazardous
substances which have been notified under the Environment (Protection) Act, 1986.

While the major industries treat their effluents, the problem always remains with the processing of
waste generated by medium and small scale industries. To deal with such issues several measures
have been taken. Common treatment plants for small and medium scale industries have been set
up in the coastal states like Andhra Pradesh, Gujarat and Tamilnadu. In remaining states they are
under construction. A scheme to promote adoption of waste minimisation technology for small and
medium scale industries has also been taken up. About 15 waste minimisation circles in sectors of
electro-plating, paper, textiles, dyeing and printing, hostels etc. have been established in various
parts of the country including in the coastal states. These measures have resulted in reduction of
pollution loads to the ambient water bodies to the extent of 15 to 30%. In addition to this, a
National Cleaner Production Centre has been set up with the assistance of UNIDO. Capacity
building and awareness creation in the areas of cleaner production in small and medium scale
industries have been taken up. Environmental audit has been made mandatory for all polluting
industries. Implementation of this scheme, resulted in smooth monitoring of industrial activities
and also adoption of low waste technology and minimisation of consumption of resources. Fiscal
incentives are provided for installation of pollution control equipment and also for shifting of industries
from non-confirming areas. These include: depreciation of allowance at 100%, investment
allowance, customs and exercise duty exemptions for pollution control/monitoring equipment etc.

Effect of coastal circulation and oceanic currents

The coastal circulation patterns and also the reversal of currents during the bi-monsoonal periods
make the process of coastal circulation complicated even though it remains passive. Recent
studies on the role of coastal physical processes in dispersing and diffusing the pollutants indicate
that the wastes discharged into the sea are primarily diluted by the tidal action which is very
prominent in Bombay and Gujarat coasts since the tidal amplitude in these regions is more than 6
metres. In other areas the tidal action does not play a major role in diluting the pollutants. All the
studies have revealed that the wastes discharged into the sea, by and large, remain within the
coastal region upto 1 km from the coast due to the effect of long shore and onshore-offshore
currents. While wastes present in dissolved form get diluted and degraded, the particulate forms
settle on the sediments and cause an accumulation of pollutants Lead, Cadmium and mercury in
the sediments. In some areas the thickness of the contaminated sediments reach even upto 40
cms. It is hoped that future reduction in input of pollutants into the sea water due to treatment of
wastes generated through domestic and industrial sources, the problem of accumulation of toxic
metals in sediments would get solved. further accumulation of these metals on these sediments
can be prevented, the question remains about the removal of the contaminated sediments from
the coastal areas, particularly in Bombay.
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Agricultural Waste

The pesticides are used in agriculture and public health. DDT which was used previously in
agriculture as well as public health is now used in public health in a very limited and regulated
manner. Low HCH formulations are used in agriculture. The pesticides used in present days
mostly belong to organophosphorus, carbmate and synthetic pyrethroid groups. Since the latter
group insecticides are bio-degradable and sparingly soluble in seawater, the problem of pesticide
residues in marine fishes due to these pesticides does not occur. Due to the restricted usage of
DDT and HCH, their levels in food fishes have also decreased significantly. For eg., samples of
popular edible fish Scomberomoru guttatus collected over a period of two years from areas where
agricultural wastes are drained into the sea showed only maximum values of 2.00 ng/g (wet wt.) in
case of DDT and 0.04 ng/g (wet wt.) in case of HCH. Usage of pesticides are regulated under the
Pesticides act.

Radioactive and thermal wastes

Although, power generation is mostly thermal in the India, nuclear power is also being generated.
So far no serious harm has been reported from these sources, but fly ash from thermal power
plants invariably creates environmental problems.

Radioactive wastes from nuclear power plants are normally disposed of according to strict
international conventions. However, their heat generation poses several problems. Nuclear power
plants normally release 50 per cent of their generated heat to the coastal marine environment.
Localised damage to ambient flora and fauna appears to be unavoidable.

Degradation in specialised ecosystem
Mangroves

Mangroves in India have suffered from various biotic problems such as reclamation, deforestation
and pollution. The abiotic problems like extreme climates resulting in cyclones and floods also
pose a danger to mangroves. The Gangetic Sunderbans, Cochin backwaters, Bombay region and
Gulf of Kutch are examples of indiscriminate exploitation, reclamation and pollution. Mangrove
forests have been converted into agricultural land, fish farms, residential complexes and industrial
units. The effect of insecticides and pesticides like Dimacron, Nuvan and Nuvacron was also
found to be harmful to these plants although at a slow rate.

Control Measures

Mangroves have been declared as ecologically sensitive areas under the Environment Protection
Act, 1986. All exploitation and developmental activities in these areas have been banned. Disposal
of wastes from the adjoining industries and also carrying of wastes by pipelines through the
mangrove areas have also been prohibited. A state-wise Mangrove Committee has been formed
for effective management of the mangrove ecosystem.

Coral Reefs

It has been observed that dead as well as live coral beds are exploited for the carbide industry and
for white cement. Large scale exploitation of corals in the Gulf of Kutch, has been checked to a
great extent due to timely warning. A survey of the coral reefs in the Gulf of Mannar emphasized
the need for conservation. Development of Tuticorin harbour and associated industrial activities as
well as oil pollution, has resulted in large scale destruction of coral reefs around the islands of
Tuticorin Andaman-Nicobar fringing reefs and Lakshadweep coral atolls are comparatively free
from such problems. However, the recent data of Minicoy and Kavaratti atolls and Great Nicobar
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Island indicate that there is a definite effect of oil pollution on corals of these areas. Acanthester
plancii, a reef dwelling echinoderm, which feeds extensively on corals, is also responsible for
destroying the corals in these two major groups of islands.

Apart from this, use of corals for ornamental and decorative purpose is yet another serious threat
to this sensitive ecosystem. Local people of Lakshadweep also use corals for construction and
white washing of houses and as mortar. Corals and mangroves occur together at some places in
the Gulf and Andaman-Nicobar Islands. Of course mangroves grow mostly in the intertidal region
while corals are found in somewhat deeper waters. However, extensive deforestation of mangroves
in the Gulf of Kutch resulted in siltation on the coral reefs, which ultimately killed them.

Control Measures
Under the Environment Protection Act, 1986, mining of corals and coral sands have been banned.

The coral reefs have been declared as special ecosystem for protection. Efforts for rejuvenation of
corals are being taken on mission basis.

Table 1. Population and related data and some estimates of pollutants entering the sea
around India (as of 2009)

Population 1.2 BILLON
Coastal population (19% of total) 228 million

Area of the country 3.287 x 106 km?
Agricultural area 1.65 x 106 km?
Exclusive Economic Zone 2.015 x 106 km?
River runoff (annual mean) 1645 km3
Rainfall per year (on land) 3.5x 1012 m3
Rainfall per year (on Bay of Bengal) 6.5 x 1012 m3
Rainfall per year (on Arabian Sea) 6.1 x 1012 m3
Domestic sewage added to the sea 13.6 x 109 m3

by coastal population per year
(@ 60 | per head/day)

Industrial effluents added to the sea 0.6 x 109 m3
by coastal industries per year

Fertilizer used per year (@ 30.5 kg/ha yrl) 13 x 106 tons
Pesticides used per year (@ 336 g/ha yrl) 80000 tons
Synthetic detergents used per year 125000 tons
Oil transported across the Arabian Sea 550 MT

per year
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Table 2. Characteristics of the domestic waste water pollutants entering the marine
environment of Bombay. Daily domestic waste water output at 1200 mid (approximate)

(Source: Zingde 1985)

Parameter

Dissolved Solids
Suspended Solids

BOD
Sulphate
Nitrogen
Phosphorus
Chloride
Manganese
[ron

Cobalt
Nickel
Copper
Zinc

Lead

ug/l

1450*

245*
258*
75*
35*
6*
587*
507*
2529
30
81
110
251
11

kg/day

7.4%*
2.9%
3.1**
0.4**
0.9**
7200

608
3035
36
97
132
301
13

* x one thousand ** x hundred thousand

Table 3. Details of some of the industrial complexes/industries, located along the coastal areas,

are given below (as on 1995)

State No. of coastal industrial
complexes/industries

West Bengal 10 major industries

Orissa CH

Tamil Nadu 17«

Pondicherry 4 + *

Kerala 2 " -

Karnataka CH

Maharashtra 20 industrial complexes

Gujarat 15 industries and

2 industrial complexes
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2 OIL SPILL MANAGEMENT IN MARINE ENVIRONMENT

R.S. Kankara

Ministry of Earth Sciences, ICMAM-PD, Chennai India
E-mail: kankara@icmam.gov.in

The bulk quantity of the world’s oil is transported through sea. 70% Of India’s demand for crude oil
is being imported through sea. Similarly South-East Asia, East Asia, Japan and China are heavily
dependent on the import of oil from West Asia which passes through Indian Exclusive Economic
Zone (EEZ). As a consequence, there is a constant risk of oil spills all along the ship routes, near
oil handling facilities and ports. So far, 66 spills incidents reported in Indian water during last 20
years from (1988-2007), though most of them were minor quantity.

The threat for oil spill demands the preparedness to protect
our all economical / ecological sensitive habitats and marine
national parks along Indian coast such as Gulf of Kachchh,
Mumbai, Malvan, Goa coast, Mangalore, Kerala coast, Gulf
of Mannar, Kakinada, Haldia and Sundarbans etc. However,
Gulf of Kachchh (GOK) is on top of the list due to its strate-
gic proximity to Persian Gulf and it is an ecological rich habi-

tat declared as Marine National Park and Marine National _ ) )
Sanctuary. GOK as the hub of oil handling agencies catering to its present capacity of about 78

MMT of crude out of total Indian import of 128 MT for 2007, and it is likely to increase upto 195
MMT by 2012. Any possible incidence of collision of oil tanker in the GOK is bound to result in
extensive damage to fish, corals, mangroves, and other inter-tidal flora and fauna and the marine
ecological system in the region.

The oil spill may occur at any time, any where in the open ocean along tanker route or near oil
installations, but have threat to impacting the shoreline at any where depending on the action of
currents, winds and tides conditions. Management of Oil spills in marine environment are challenging
task to QOil Spill Coordinating Agencies and demands a quick and adequate response in order to
reduce the environmental consequences. Proper understanding of the physical and chemical
properties of crude oils and how they weather and behave on the sea surface is crucial for evoking
[ activating appropriate spill control and clean up procedures for managing oil spills in an optimal

way. . . . .
Y Worldwide Operational Incidence of spills by cause, 1974-2007

Causes of oil spill OPERATIONS < 7tonnes 7-700 tonnes > 700 tonnes Total
i Loading/ 2823 333 30 3186

Spills usually happen due discharging

to  bad  weather | ynkering 548 26 0 574

(hurricanes, storms, and Other operations 1178 56 1 1235

earthquakes), intentional

acts of violence (like war, Accidental Incidence of spills by cause, 1974-2007

vandals, or dumping) and

human mistakes. The ACCIDENTS < 7tonnes 7-700 tonnes > 700 tonnes  Total

main causes of oil spills | g gions 175 300 98 573

are usually result of a | g4ndings 235 226 119 580

combination of actions |y fajures 576 90 43 709

and circumstances, all of | Fires & explosions 88 15 30 133

which contribute in | otherUnknown 2186 150 25 2361

varying degrees to the TOTAL 7809 1196 346 9351

outcome and may be
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grouped into two categories like “Operational” and “Accidental”. The worldwide information about
spills from oil tankers indicates that most of operational spills(>91%) are involving small quantity <
7 tonnes due to routine operations such as loading, discharging and bunkering which normally
occur in ports or at oil terminals. While accidental causes such as collisions and groundings gen-
erally give rise to much larger spills, with at least 84% of incidents involving quantities in excess of
700 tonnes being attributed to such factors.

Oil type and properties

There is several hundreds type of crude oil depending upon their origin and their physical and
chemical properties, whereas many refined products tend to have well-defined properties irrespective
of the crude oil from which they
are derived. Residual products
such as intermediate and heavy

fuel oils, which contain varying Physical characteristics of three typical crude oils
proportions of non refined com- | Origin Arabian Light Merey Super
ponents blended with lighter Bonny Light

refined components, also vary

considerably in their properties. | _ . ig“sdi Arabia gllilggria \1/?'782”6'&
The main physical properties pect 'Co : : :
which affect the behaviour and gravity "API
h . f il spilled Specific 0.79 0.85 0.96
the persistence of an oil spille gravity at 15°C
at sea are specific gravity, dis- Wax content 12% 13% 10%
tillation characteristics, viscos- Asphaltenes 7% No data 9%
ity and pour point. All are de- )
Pour point -29°C 12°C -18°C

pendent on chemical composi-
tion (e.g. the amount of
asphaltenes, resins and waxes
which the oil contains).

Fate of oil spill in the Marine environment

The transport and fate of oil spill in marine environment are governed by physical, chemical, and
biological processes that depend on the oil properties, hydrodynamics, meteorological and
environmental conditions. The processes include advection, turbulent diffusion, surface spreading,
evaporation, dissolution, emulsification, hydrolysis, photo-oxidation, biodegradation, etc. When
the oil spill occurs on the sea surface, it spreads to form
a thin film called as oil slick. The movement of the oil
slick is governed by advection due to current and
turbulent diffusion due to wind action.

The composition of the oil and oil phases changes from
the time of the spill. Light (low molecular weight) fractions
evaporate, water-soluble components dissolve in the
water column, and immiscible components become
emulsified and dispersed in the water column as small
droplets. The formation of an oil-in-water emulsion
depends upon turbulence, but usually occurs within days
to weeks after the initial spill. It forms thick pancakes

on the water and intractable sticky masses if it comes ashore. After a long time this may disinte-
grate into lumps of tar. In some circumstances, the oil droplets may become attached to sedi-

ment particles in the water column and move towards seabed where oil gets buried leading to
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bacterial degradation, a much slower processes. Although the individual processes causing
these changes act simultaneously, but their relative importance varies with time.
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Factors influencing oil movement, impact and
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Environmental factors

Oil Spill Modeling is a complex process, influenced
by many factors, both human and non-human. The
main factors affecting the fate of spilled out are :(i) Oil
properties- surface tension, specific gravity,
temperature; (ii) spreading; (iii) advection - waves,
winds and current ; and (iv) weathering. Most general
environmental factors affecting oil spill weathering are
water and air temperature, sea state and wind speed.
Type of release, solar radiation, air temperature, water characteristics, sediment load are also
import to some extent. High temperatures and wind speeds increase evaporation, which decreases
the toxicity of the remaining oil. Temperature also influences the rate of microbial degradation
which is the ultimate fate of oil in the environment

The computer models are able to consider the temporal and spatial changed in these parameters
for a given domain over a period. However, in the lack of information, Oil movement can be calculated
by using approximately 3.5% of the wind velocity and at the surface current velocity.

Geographical factors

The geographical features of the coast along influence the impact and recovery processes. Though
the, oil slicks may disperse in the open sea, the most damage occurs closed to shore in sheltered
bays and inlets close, where oil becomes concentrated. On the shore, the fate and effects of oil

vary with exposure to wave energy and shore type. On
exposed rocky shores, effects tend to be minimal and
recovery rates rapid. The most sheltered shores have
high biological productivity and are the worst oil traps.
If oil penetrates into the substratum, residence times
are likely to be increased. Shores with sand, gravel or
stones are porous, and oil penetrates relatively easily.
If it weathers in situ to become more viscous, it may
remain in the sediment for many years. In contrast, oil
does not readily penetrate into firm waterlogged fine
sand or mud. However, sheltered sand and mud shores
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with high biological productivity provide oil pathways in the form of animal burrows and plant stems
and roots. Oil penetration can kill the organisms that normally maintain these pathways, which
then become filled with sediment; oil trapped within them degrades very slowly.

Estimating the volume of a spill

It is very difficult to get accurate information about oil quantity and type. Therefore, initially to run
the model, the quantity of spilled oil can be computed by visual observing the thickness of the
film of oil and its appearance on the surface of the water and estimating the surface area of the
spill. Subsequently model can be updated using more precise information about oil quantity to
generate the oil trajectry.

Oil Type Appearance Approximate Approximate
Thickness Volume (m3/kmz2)

Oil Sheen Silver >0.0001 mm 0.1

Oil Sheen Iridescent (rainbow)  >0.0003 mm 0.3

Crude and Fuel Oil Brown to Black >0.1 mm 100

Water-in-oil Emulsions Brown/Orange >1 mm 1000

Application of Modelling and GIS in oil spill management

(a) OIL SPILL MODELLING

Oil Spill Modelling is a complex process, influenced by many factors, both human and nonhuman.
The main factors affecting the fate of spilled out are :(i) Oil properties- surface tension, specific
gravity, temperature; (ii) spreading; (iii) advection - waves, winds and current ; and (iv) weathering.
Oil will move at approximately 3.5% of the wind velocity and at the surface current velocity. Computer
models are able to make predictions about the trajectory and fate of spilled oil and to generate the
likelihood of sensitive resources being threatened and associated time scales using required data.
Modelling exercise provides clear idea about oil movement and will enhance the decisions
concerning strategy development and the identification of necessary response capability. However,
it is very essential the operator of these models understand their various limitations, such as the
guality of information on water currents programmed into a model and the inherent difficulties in
predicting some oil fate processes. Modelling is only a predictive tool and cannot readily replace
the need to monitor a spill physically in the event of an actual incident. This can be effectively
verified from aircraft or remote sensing or interpretation of visual observations of oil on water.

(b) GEOGRAPHIC INFORMATION SYSTEM

A GIS is useful in handling spatially referenced data which can hold information at any scale
indeed, provided the data are correctly formatted, data from all sources can reside together, including
satellite images, air photos and standard cartographic products. These advantages should only be
exploited with careful use of the data, respecting issues of common data scales and data quality.
The following information may be incorporated in the maps:

1. Oil spill trajectory model Results
Model results for various scenario showing bathymetry, circulation pattern, movement
of oil, oil concentration and thickness, quantity of dispersed oil etc
2. Ecological sensitive areas:
- Coral reefs, Seagrass beds, Mangroves, Salt pans, Mudflats, beachs and nature of
shoreline, Wildlife protected areas and fishing activities,
® Details of the areas of greatest sensitivity such as feeding and breeding areas ,
locations, which are important for threatened or endangered species, nearshore shallow
water fishing areas, seaweed gathering; beaches with fishing activities
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3. Socio-economic features -
- Ports, harbours, jetties, SPMs and boat ramps;
Industrial facilities, for example water intake system for power stations and desalination
plants, coastal mining, and salt evaporation lagoons; recreational resources such as
amenity beaches, bathing enclosures, water sport and game-fishing areas; and sites
of cultural, historical or scenic significance, on or close to the shore.

7. ACASE STUDY

A few incidents of oil spills in the gulf have been reported in the past. The probability of incidents
from tanker traffic, loading, unloading, and associated activities may increase in the years to come
as the demand for petroleum and its products continues to rise. Since the oil spills cause extensive
damage to fish, corals, mangroves, and other intertidal fauna, the threat due to the spills on the
ecology of the gulf and consequent economic losses need to be addressed through scientific
techniques to help manage these sensitive habitats from accidental oil spills. Tracking the movement
of oil during the spills in Gulf of Kachchh is a fundamental requirement in oil spill contingency
planning and prevention of marine resources and MNP & MS.

As per the Allocation of Business Rules 1961, Ministry of earth Sciences (MoES) is responsible for
coordination and regulatory measures to prevention, conservation and protection of ocean.
Accordingly, Ministry has taken up a R&D programme to understand the movement of oil in marine
environment and identifying the resources at risk using two mathematical models of different level
of complexity. First is very generic model, which is developed to predict the movement of oil and
its fate in the Indian Ocean water. Other is habitat specific model for detailed trajectory and impact
analysis on marine resources. The generic model uses GNOME (Generalized NOAA Oil Spill
Modelling Environment) computer code for tracking of oil spills from offshore to coastal areas of
India. The model works based on wind speed, wind velocity, sea current, etc with 60 to 18 km
resolution. The model is capable to run in hindcast and forecast mode using diffusion, forecasted
winds and forecasted regional currents for ocean state. The model also considers uncertainty
parameter which can be decided based upon the data quality being used for the model.

[ p—— —

H il 4 #17] cmeues )

Once spilled oil reaches in the vicinity of Gulf of Kachchh region, the detailed habitat specific
model simulates the detailed analysis of oil fate and trajectory using the bathymetry and local
circulation pattern at 450 m spatial resolution. The oil spill trajectory models are linked to a GIS
information system to provide the vital information about the extent and type of the resources likely

affected.
Surface Elevation and circulation pattern in Gulf of Kachchh

Hydrodynamic and Oil Spill modelling
An integrated model was used to generate the oil trajectory in the gulf water and to track the path
and fate of spilled oil under prevailing hydrodynamic and meteorological conditions for the
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entire Gulf covering Okha to Navlakhi. Tide and circulation patterns were generated and supplied
for oil spill modelling. The circulation in the Gulf is mainly governed by tides and winds. The
scientific validity of model for hydrodynamic and oil spill model results were demonstrated at various
forums in India and published in international peer reviewed journal.

The oil spill module takes into account all important
phenomena of an oil slick in an aquatic environment
and computes the slick thickness and dynamics, and
distribution of the oil in the water column and
atmosphere, which are required for contingency
planning and environmental impact assessment. The
major forcing functions for trajectory analysis of an oil
spill model are local wind conditions and circulation
pattern, while chemical composition and properties of
oil along with environmental parameters are the
deciding factors for fate analysis.

surface Elevation and droulation pattem in Gulf of kadhchh

Past 30 years wind data at Jamnagar was used to determine the monthly meteorological scenarios
in the gulf. Three wind scenarios, i.e., no wind during calm period, a constant wind speed of 5 m/s
blowing from 240° and 330° from north during pre-monsoon (March—May) and post-monsoon
(September—November), respectively, were selected. These derived wind conditions were
reconfirmed from synoptic field observations.

The spill results were evaluated for all three seasonal wind conditions, i.e., calm, SW monsoon,
and NE monsoon. Wind and water currents guide movement of oil parcels at the water surface.
The currents play an important role in transportation of dispersed oil in the water column. The area
covered by oil spill trajectories simulated under different wind conditions for the Gulf. The modeling
results revealed that under the “no wind condition,” oil was moved as per the path of the streamlines
of tidal flow. During flood tide, the oil moved in the Pathfinder creek toward the Vadinar jetty located
on the southwest side. For the second scenario, when wind blows from 240° from the north, the oil
moves toward the central channel (NE), and it would reach the northern coast near Kandla creek
within 5 hours. While under the third condition, when wind blows from 330° north, the spilled oil
would be transported toward the southern coast. The oil residues would hit the coast at Narara
reef, located on the southeast side, in 12 h.

The oil mass balance calculation concluded that 40 % volume of spilled oil was lost due to
evaporation and 5 % dispersed in the water column after 48 hours simulation. It was noticed that
about 1% oil was vertically dispersed in first 12 hours, but it reached upto 5% at the end of 48 hour.
This is due to increase in the oil density and degradation of oil due to emulsification. The left out oil
(55%) was the threat to coastal and marine environment as either it would hit the coast or disperse
in the water column in the long term.

e ]
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Oil Spill Movement after 24 hours when Wind is blowing from 330°N
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USE OF GIS IN ESTIMATION OF AREA OF RESOURCES AFFECTED

An operational GIS-based information system was used to predict the comprehensive movement
and fate of spilled oil, to explore the possibility of different strategies in an interactive manner, to
respond to an oil spill, and to quantify the impacts of oil spill on resources. To analyze the impact of
an oil spill on marine organisms and resources, a model output was generated in terms of track of
oil, oil thickness, area of dispersed and dissolved material, and these model outputs were converted
into GIS compatible format. The results were then analyzed using Arc-View to identify the resources
that were “hit” for a given scenario. The time exposition maps were prepared and overlaid on the
resource map to quantify the resources at risk with time.

Gisintegmiad resoure map for rish assessmant

Resources exposed to oil (km2) after 48 h.

Resources Calm-Scenario SW Monsoon -Scenario NW Monsoon -
Scenario

Mud Flats 37.20 0.02 33.85

Sandy Flats 0.63 0.00 1.80
Mangroves 0.15 0.00 1.20

Coral Reefs 6.37 0.00 2.42

Seawater 148.25 258.15 81.36

Length of Shore (km)  54.30 2.00 34.40

Table 2. Total risks to marine organisms and ecosystems.

Scenario Area with TRR _ 1 (km?) Mean TRR
Calm 166 10

SW Monsoon 620 6

NW Monsoon 142 15

NATIONAL OIL SPILL DISSATER MANAGEMENT PLAN

The country has an Oil Spill management programme since 1980 to protect coastal and marine
areas against oil spill damages. The Ministry of Home Affairs is the nodal ministry for crisis
management in case of an oil spill disaster and Coast Guard is coordinating agency for combating
oil spill pollution in Maritime zones of India in the event of oil spills. The important aspects include
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R&D in oil spill detection, management, combating and legal aspects. The use of booms and
skimmers to recover floating oil and dispersants to enhance natural dispersion are established
methods of responding to oil spills. Response strategies to a spill are decided based upon the
aerial /visual observation of oil, quantifying floating oil, assessment of potential threat, protecting
Sensitive Resources, shoreline Clean-up etc.

The National Oil Spill Management programme of Government of India was reviewed in May 2005.
The Ministry of Earth Sciences (MoES) has given additional responsibilities to provide scientific
support in monitoring and detection of oil pollution / spills, predicting its movement towards Indian
shores and assessment of extent of damage along with existing responsibility scientific monitoring
of oil pollution through COMAPS programme.

INITIATIVES OF MOES

Though, the existing models provide an additional tool for efficient decision making, however, it is
necessary to interprete the model results cautiously as each model has some “limitations”. The
models needs to be calibrated with real spill situations. Key data restrictions include:

@ The databases of oil types may not have an exact match for the specific oil spilled, but
additional analysis work can allow a particular oil to be entered
@ Quality of tide and current data varies between regions and models

Therefore, Ministry has taken up a project on “Oil Spill Modelling” during Xl plan period under
COMAPS programme 18 priority areas to delop Oil Spill Models by collecting the experimental
sea state data at Beaches of Dwarka, Mumbai, Dhanu, Entire coastline of Goa, Mangalore, Cochin,
Neendakara, Vizhinjam, Kavaratti, Kanyakumari, Gulf of Mannar, Chennai, Pulicat, Kakinada,
Visakhapatnam Paradip, Hooghly and Sundabans in West Bengal to understand the movement of
oil in marine environment and identifying the resources at risk for selected locations during 11th
pan period and to strengthen existing GIS based Oil spill tracking system. The major work involves:

@ Study of Sea state by collecting Oceanographic data at 18 locations along the coastline

@ Development of 18 habitat specific models for above locations

@ GIS database for providing all information about the sea state, resources, industry and oil
related other attributes

@ R&D onto improve the predictability and reliably of the model

The advantages of the GIS based Oil Spill Tracking System are:

accurate spill prediction for both forecasting and hindcasting model,

rapid output of results regardless of spill geographic location,

ability to adjust inputs considering changing conditions and field observations,

use in remote field locations or effective transmission of model outputs to field operators,
Useful aid to meet a number of requirements for Oil spill responders and incident planners
to take appropriate decisions to minimize the environmental and economical damage of
the shoreline.

[SEORORORN
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NEAR SHORE ENVI-
RONMENT

Shorelines are gen-
erally more or less
in dynamic equilib-

rium. Their evolu-
tion due to changes
in winds, waves,
currents, and sedi-
ment transport, is
rather seasonal,
characterized by
alternate erosion
and accretion. Addi-
tional changes occur
when perturbations
are introduced by
anthropogenic fac-
tors/activities.

Shoreline change is

a natural process of
evolution of coastal

areas. It may occur
on different scales

of time, from a
single tidal event, to
decades or centu-
ries.




3. MONITORING OF SHORELINE CHANGES - TOOLS AND TECHNIQUES

M. V. Ramana Murthy
Integrated Coastal and Marine Area Management -Project Directorate,
Pallikaranai, Chennai 601302 E-mail : mvr@icmam.gov.in

1.INTRODUCTION

Nearshore Zone, that extends from high water line on land side to depth of closure so called active
depth (approximately 6m to 8m water depth varies with tide and wave) on sea side is dynamic and
subjected to seasonal and annual changes due to various forcing functions such as wave, tide,
current wind and sediment inputs. Often, the processes in this zone are not understood completely
due to lack of proper monitoring. State Governments do monitor the shoreline changes but the
result could not be used for shoreline management studies due to lack of complete information.
The state Public Works Department of Tamilnadu is monitoring the shoreline under Crest of the
Berm Project, where the position of berm is monitored periodically from 1975. Though, the above
data forms a valuable information to a coastal engineer/scientist, still lot of gaps exits to interpret
the data for Shoreline Management. The various processes operating in nearshore area have
been discussed in the earlier papers. This paper discusses about the different monitoring techniques
required to understand the processes in the nearshore zone and instruments used for the shoreline
survey.

2. BEACH PROFILE MEASUREMENT

A beach profile is a two dimensional view of cross sectional transect measured perpendicular to
the shoreline. Having an accurate time series of beach profile measurements is essential for
deciphering shoreline erosion and accretion trends and tracking beach recovery after storms. The
transect of beach profile runs from well behind the backshore upto a wading depth (depth of
closure approximately 6 m to 8 m depending on prevailing hydrodynamic conditions). Beach profile
surveys typically must include an inshore survey or “wading survey” which is performed by using
standard land surveying techniques. A survey team member traverses the survey line holding a
rod, stopping at appropriate intervals to allow an instrument operator to read and record the elevation.
The type of instrument used by the operator may be simple as a level or as complex as an advanced
electronic survey instrument. The wading survey continues seaward into the water until the rod
holder can no longer stand steady with the survey rod. This land section of the profile is surveyed
preferably at low tide so that the cross section extends as far seaward as possible. Traditional
land surveyors may not be accustomed to or comfortable with entry into the water in the wading
survey, but gathering of these data is indispensable for obtaining overlap with the offshore survey,

discussed next. Understanding of surf
zone waves, circulation (such as rip currents), and morphology (such as berms, scarps, steps,
troughs and bars) is essential for obtaining accurate data, as well as for safety of the survey party.

2.1Inshore Survey

Beach profiles are measured using the Emery technique, named after the person who applied this
topographic measurement method to beach studies. It is simple and “low-tech” but accurate, which
was used widely. The above technique can be slightly modified for speedy and accurate
measurement of vertical position using dumpy level. The difference between emery technique and
modified method is that dumpy level is used in place of two rods and siting level to measure
vertical position. A step by step procedure to measure beach profile is given below.
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Fig. 1- Atypical sketch showing the beach profile measurement using Modified
technique

Mark profile with stakes/flags - Flags will help the surveyors stay along a consistently oriented
traverse. See the Fig. 1 that illustrates this process.

a)

b)

c)

d)

e)

One person goes to the fore dune crest or other point from which the entire profile is in view.
Using a sighting compass, site back to the datum and move left or right until the correct azimuth
is obtained (when sighting landward, the azimuth will actually be the reciprocal (180 degrees
difference) of the value listed as the azimuth). Place a stake or flag at this location.

Standing on this point, have a team member with a stake or flag move about half way between
you and the datum point. Line this person up so that they are on the profile (between you and
the datum point). Have them place another stake or flag. The landward portion of the profile is
now marked.

Still standing on the same point determined in (a), turn 180 degrees and, with the compass,
site toward the water in the direction of the proper azimuth for the profile. Have a team member
go to the wet/dry line (The wet/dry line is the landward most limit of sand wetted by ocean
water, not rain). Direct the team member to move left or right until they are on the profile. Have
them place a stake or flag at this point.

Now have the team member move towards you along the profile. Line them up on the profile.
Have them place a stake or flag at the vegetation line (seaward extent of vegetation).

Place other flags along the profile at all bermcrests, the last high-tide swash line (often delineated

by a line of debris or wet/dry boundary), edges of beach roads, and other features you want to
be sure you measure during the profile survey.
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Note - If one can view the entire profile from the water’s edge, fewer stakes will be required. This
will be the case when surveying a profile without a prominent foredune. The idea is to place markers
so that at least 2 of them are visible behind or in front of the surveyors when conducting the
topographic survey.

Conduct topographic survey (profile) - After marking the profile line, you are ready to measure
distances and heights along the profile.

Start at the datum point. The top of the first point is point #1 and is always x1=0, z1=0. Use
your tape measure to measure z for point #2. The second point is the ground surface above or
below the datum point. At this point, x is always 0, and z is the distance above or below the top
of the datum point or w.r.t to MSL. The maximum distance between the rods should be about
5 meters. Shorter distances should be measured where there is a change in the slope of the
ground or some other key feature such as the vegetation line. The procedure upto this stage is
as per emery technique.

Use dumpy level to measure the level at each point with respect to the datum along the profile.
Record observations (vegetation, geomorphology and sediment) in the notes column. The
sediment samples should be collected at three or four selected points along the profile. Record
x and z where sediment samples are taken.

2.2 Sled Surveying Equipment

The method is needed to complete the beach profile survey in water deeper than wading depth,
the offshore survey. The offshore survey is conducted by using a survey sled (the method
recommended in this article) or by boat-mounted echo sounder. An echo sounder survey system
consists of a vessel mounted depth sounder and positioning system. A survey sled system consists
of a survey rod, or mast, mounted on a sled that rides along the sea bottom while being towed.
The mast supports surveying reflectors, prisms, or gradations that allow the elevation of the sea
bottom or beach to be read by a land-based surveying instrument. Figure 2 shows a survey sled
used on the Ennore coast by ICMAM-PD. In order to achieve accuracy as described above, a sled
survey system is required which consists of a towable sled with mast, tow-boat or truck, and
electronic distance meter/theodolite (total station) with data collector notebook computer.

|
|
|

SEA SLED

Fig. 2 - Photograph showing the Sea Sled and Dumpy level used for beach profile
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Electronic total stations, the most sophisticated survey instruments available, are normally used
when beach profile data are collected along the full profile out to depth of closure. Less capable
instruments generally will not have the range or accuracy for this application. High-quality
instruments have a maximum range exceeding 4 km.

The sled and towing mechanism (truck, boat, winch, etc) must be designed to operate in a range
of conditions that allow the work to be performed in a reasonable length of time and with safety.
Typical conditions for operation of a sled system will include 1-2 knots of longshore current, individual
waves with heights upto 2m for any possible wave period, and tow speeds up to 4 knots. A typical
survey sled is a bottom-riding frame that supports a tall mast. Survey reflectors are affixed on top
of the mast for siting and measurement by the total station. The sled is normally a pipe frame
constructed of steel or aluminium with two runners. Lighter ballasted PVC sleds have been used
in very calm sea conditions. The sled runners ride on the sea floor and a mast, attached to the
frame and properly guyed to maintain support under tow, is visible above the water surface and
waves during data collection. The mast must be designed to be stable under wave and current
forces. Portable sleds, which can be disassembled for transport, typically weigh between 400 and
1000 Ib depending on coastal wave conditions, before ballasting.

Under calm sea conditions, an inflatable boat with a small engine (50 hp) may provide adequate
power and control for towing a survey sled. However, more capable vessels are commonly used
with as much as 300 hp, especially in areas where occasional sea floor obstructions are present.
In such cases, vessel maneuverability and power are important. Navigational control and
experienced operators are critical for safe operation near the surf zone where breaking, refracting,

and shoaling waves can easily capsize a boat.

3. BEACH SEDIMENT SAMPLES

Geologic setting and physical and biological processes control sediment grain size and type.
Geologic setting refers to the geomorphology of the terrain and the type of sediment or rock on
which the beach is formed. In some cases, a topographically low, eroding, muddy marsh may be
the platform on which the beach is formed in others an earlier established sandy barrier island or
a bedrock ledge may be the setting. Physical processes refer to the action of waves, tides, and
wind as they move sediment on the beach. Biological processes are those associated with plants
and animals. Plants and animals may be sediment producers for the beach, especially shell
producing animals, but they also affect sediments by their burrowing and their baffling of wind and
wave energy.

Grain size and type analyses of three sediment samples taken along the beach profile will typically
reveal the different processes at work. Comparison of samples over time and among different
beaches will provide additional insight to how beaches respond to varying conditions. At each
location, you will take a core of sediment about 5 cm long that will represent conditions over some
period of time. Given the frequency of your sampling (every 2 to 4 months), analyses on a core of
sediment will provide more reliable data than just scraping the surface of the beach, which would
often just represent the last few moments of deposition or erosion. Take one sand sample from the
foredune, berm top, and beachface areas (Fig.3). Index the beach sediment samples such as
Sample location: foredune (FD), berm top (TB), or beachface (BF), Date (year/month/day) and
time: e.g. 1997/09/23 0830, Sample number: e.g. BEG08-BF-19970923-0830
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Fig. 3 - Location of beach samples to be collected along the beach profile

4. PROCESS MEASUREMENTS (LITTORAL ENVIRONMENTAL OBSERVATION)

Tracking the topography of the beach shows us how the beach changes, but measuring the wind
and waves will help us to understand why the beach changes. The process measurements you
make during your beach visits are just a snapshot of what is going on in terms of wind, waves, and
currents. These measurements are also named as Littoral Environmental Observation (LEO). What
is really pertinent to the state in which you find the beach, however, is what was happening for
some period of time (hours to months) before your arrival. Unless you obtained process
measurements every day, you will not be able to collect enough data to properly relate your
measurements to your beach profiles. Fortunately there are many areas where instruments are
acquiring hourly data on wind and waves.

Weather from IMD and current, and wave data from the National Data Buoy program of NIOT at
nearest stations should also be collected. These stations, however, will not likely be at your beach
profile location, but you can use the measurements you make to determine the differences in
measurements between your location and the continuously operated stations. After you have enough
simultaneous measurements, you will be able to “calibrate” the continuous data for your beach
location. For example, if your wave height measurements are consistently higher than those obtained
by an offshore gauge you will know to increase the wave height measurements at the offshore
gauge before applying the data to your beach location. Similarly if the wind direction at a weather
station is consistently more out of the north than at your location or the speed is higher, then you
know how to correct these data for your location.

There is another reason to make careful measurements of the processes. This is simply to hone
your powers of observation and to increase your appreciation of the physical processes shaping
the beach environment. The techniques here are qualitative, therefore, 3 people will make estimates
to provide more reliable data. Following are the methods to employ.

4.1 Wind Direction and Speed

Go to a high point in the area of the beach profiles. The foredune crest (location 7,
Fig.4) or on top of a seawall would do fine. Make sure you are not shielded from the
wind in any direction.

Face directly into the wind by feeling it on your face. Without moving your head, raise
the sighting compass and determine the bearing pointing into the wind. Record this
magnetic bearing.

Face directly into the wind and hold the wind meter to the wind. Watch the meter for
about 1 minute and determine the sustained wind speed. The sustained wind speed
does not include sudden gusts or short calm periods of wind.

Determine and record the highest wind gust speed during this time.
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4.2 Wave Direction

From the same point that you determined the wind direction and speed, now
determine the direction from which the waves are coming.

Look across the breaker zone and focus on the waves where they first break. Turn
your head so that you are looking directly into the oncoming waves. Raise your
sighting compass and determine the bearing directly into the waves. Record this
magnetic bearing. When sighting on the breakers, you may find it helpful to align the
horizontal edge of the compass so that it is parallel to the breaker line.

It is important to focus on the waves where they first break offshore and not on the
waves near the beach.

Keep your wave direction measurement secret and pass the sighting compass to
the second and then the third observer for their determinations.

All observers should record their observation in the place that corresponds with their
observer number as written on the top of the form.

4.3 Wave Breaking Height

Move to the waterline and estimate the height of the breaking waves when they first
break offshore (from location 8 in Fig.4). Moving to the waterline gives you a better
perspective for estimating height. You will be nearly on the same level of the waves.
Record your estimate in centimeters on the data form. Be sure to record in the
location that corresponds with your observer number at the top of the data form.
Keep your estimate secret and pass the form to the next observer.

4.4 Wave Period

Focus on an imaginary point in the middle of the surf zone and count the waves
passing this unmoving point for 10 seconds.

As the crest of a wave passes your point count that as zero and start your
stopwatch. The next wave is wave number one.

When the 10th wave passes your point, stop the watch.

Divide the number of seconds by 10 to get the wave period. Don'’t forget to convert
minutes of time to seconds before you divide.

Record your estimate in seconds on the data form. Be sure to record in the location
that corresponds with your observer number at the top of the data form.

Keep your estimate secret and pass the form to the next observer.

4.5 Surfzone Width

While standing at the waterline, estimate the width of the surf zone. This is the distance
from the waterline out to where the waves first break. Record your estimate in meters
on the data form. As with the period and height measurements, be sure to record in the
location that corresponds with your observer number at the top of the data form. You
should also consider that most people tend to underestimate distances across water.
Keep your estimate and cross checked with next observer.

4.6 Number of long-shore bars

Estimate the number of apparent long-shore bars by counting the number of
breaker lines or visible shallow zones oriented parallel to the beach. As with the
period and height measurements, be sure to record in the location that corresponds
with your observer number at the top of the data form.

Keep your estimate and cross checked with next observer.
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4.7 Wave breaker type

Waves break in different ways depending on the wavelength, wave height, and slope of the surf
zone. When the crest of waves curl and suddenly collapse, they are said to be “plunging”. These
are the types of waves surfers crave. When the crest continuously breaks as the wave moves on
shore, it is said to be spilling. Surging waves push up the shore and slosh onto the beach without
an orderly breaking of the crest. Observe the outer most breakers and record the breaker type as
plunging, spilling, or surging. Make sure you record the outer most breaker type. Along shorelines
with nearshore bars, spilling type breakers will almost always be present inshore of the outer
breakers so don’'t confuse these breakers with what is occurring where the waves first break.
There is often a mixture of plunging and spilling types, but you must decide which is the dominant
type and check only one on the form.

4.8 Long-shore current

The long-shore current is the movement of water along the shoreline and is caused by (1) waves
approaching at an angle to the shoreline, (2) tidal currents, and (3) wind. You will measure the
speed and direction of the current using a float that you throw into the surf zone.

a) You need a float that you can throw at least 30 m and that has a low profile to the wind
when it is in the water. A low profile is important because our intention is to measure the
water current, not the wind direction and speed. A rubber or hard plastic ball about the size
of a baseball and that has some weight to it makes a good float. You also need a stopwatch.

b) Gotothe water line and throw the float into the middle of the surf zone or as far as you can
if you can not reach the mid surf zone.

c) Step back up the beach and, with your heel, mark a line in the sand at the position of the
ball and start the stopwatch.

d) Walk along the beach following the ball as it moves along the shore. Do not take your eyes
off the ball. When 50 seconds have passed, mark another line in the sand.

e) Record the distance from the waterline you initially threw the float. This is an important
record because your results may vary with this distance.

f) Measure in meters the distance the ball moved along the beach.

g) Multiplying the distance by 2 gives the speed of the longshore current in centimeters per
second. Record the speed and direction the float moved on the form.

h) Repeat (b) through (g) two more times.

Fig. 4 — Sketch indicating the various features to be monitored for Shoreline
Management
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Survey at least 500 m of the shoreline with the GPS receiver.

Survey at least 500 m of the vegetation line with the GPS receiver.

Take photograph looking along the berm crest or wet/dry line.

Take photograph looking along the dune crest.

Take photograph looking along the berm crest or wet/dry line.

Take photograph looking along the dune crest.

Determine wave direction, and wind direction and speed from highest point on profile,
count number of longshore bars, measure foredune crest orientation.

8. Estimate height of breaking waves, measure wave period and longshore current.
9. Measure beach cusps and berm crest or wet/dry line orientation.

10. Shoreline and process measurements.

NookrwpdnE

5. GLOBAL POSITIONING SYSTEM (GPS) SURVEY OF THE SHORELINE AND
VEGETATION LINE

Beach profiles provide detailed topographic information for analyzing morphology and sediment
volume. These profiles, however, cross the shoreline and vegetation line at just one point. GPS
surveys provide continuous data alongshore. Measured shorelines and vegetation lines from
different times can be plotted on the same map for comparison. This is how the rate of shoreline
change is typically determined along a coast.

The shoreline for the purpose of this study is defined as the wet/dry line. The wet/dry line is the
landward most limit of sand wetted by ocean water (not rain). This roughly corresponds to the
position of high tide on the beach and is identified by a tonal contrast. The vegetation line is the
seaward extent of vegetation. The vegetation line is measured because it is an important legal and
physical boundary. Often, houses and buildings must remain landward of the vegetation line.
Vegetation is also required for the natural growth and maintenance of protective foredunes. On the
otherhand,the crest of the berm can be defined as Shoreline. Monitoring of this line would indicate
the seasonal and annual variation in shoreline.

The GPS receiver uses transmissions from satellites to determine latitude and longitude. A GPS
receiver operating alone can determine positions accurate to about 3m. When a second receiver,
however, is operated simultaneously and remains in a known location, data from it can be used to
correct the position of another receiver in the area that is moving. This is called differential GPS,
and it can provide accuracy of a few centimeters. Real-time KGPS/ DGPS receiver is receiving
data from the satellites to calculate latitude and longitude while at the same time it is receiving data
from a nearby receiver operated by the Ministry of shipping in case for DGPS and from the movable
base station for Real Time Kinematic GPS. The detail of Base and Rover of Real Time Kinematic
GPS is shown in Fig 5. The receiver uses the data from the Ministry of shipping or movable base
to correct its computed position immediately or in other words in “real time.”

Fig.5 - Real time kinematic GPS for shorelme mapping
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Before beginning the GPS survey, the profile location should be marked with flags. Flags should
be placed on the vegetation line, the wet/dry line (shoreline) and crest of the berm along the
profile. Keep the base station (Leica SR530) in a known location where you know the precise
Latitude, Longitude and the height (MSL) values and make it on. Now the base GPS will start to
send the signals to the rover. Make the rover GPS on and wait till it tracks the available satellites in
that location. After receiving the sufficient signals from the satellites, with the help of signals from
the base stations it calculates Latitude, longitude and altitude of the present location. All this data
with the data and time will be automatically stored in the rover GPS receiver.

Differential GPS (DGPS) along with GIS software also can be used for the shoreline monitoring.
For this walk along the wet/dry line or crest of the berm while the receiver (Leica GS5+) is
automatically recording the data (Fig.6) and the GIS software (ARCPAD 6.0) in the pocket PC will
convert this GPS data in to the map format. If the receiver is set correctly, you can see your path
plotted on the screen.

Fig. 6 - Mapping of the Inlet or Berm using standalone GPS operates on GIS
software

Because of the small variations in beach topography and the way waves rush up the beach, the
wet/dry line/crest of the berm will have curves in it. It is not necessary to follow every curve.
Instead, walk a relatively straight line that is an average of these curves. Do not stray from your
line or you will have extraneous points in your recorded file. Do not stop for long periods of time or
your GPS receiver may run out of memory.

When you reach the flag on the other end of the survey area, proceed along the beach profile
without changing the receiver. Repeat the GPS survey along the coastline and profile line for the
area considered.

6. BEACH ORIENTATION AND BEACH SHAPE

Shoreline and foredune orientation — These measurements are needed for an exercise illustrating
the relationship between wave direction and height, shoreline orientation, and longshore current
speed and direction. Disparity between the shoreline and foredune orientation may also indicate
an ongoing “adjustment” of the shoreline. The vegetation line is a more stable feature than the
shoreline and under static conditions it would be roughly parallel to the shoreline. Varying rates of
shoreline advance or retreat alongshore, however, may cause the two lines not to be parallel.
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Stand on the foredune crest along the profile line and sight along the crest to determine the
orientation. Turn around and sight along the crest in the opposite direction. Record these values
on the form. If there is no foredune, use the vegetation line and make sure you note this on the
form. Stand on the shoreline (wet/dry line) and repeat the measurement you made standing on the
foredune crest.

7. BEACH CUSPS

Beach cusps are rhythmic topographic features on the beach caused by the interaction of waves,
nearshore bathymetry (slope and shape of the ocean bottom out to where the waves begine to
shoal), and beach. They appear as a scalloped pattern, but their regularity, spacing, and relief
(height difference between high and low areas) varies greatly over time. The high portions of the
cusps are called “horns”, and the low areas are called “embayments”. The relief of a set of cusps
is the height difference between the horns and embayments. The outline of the cusps usually
forms an identifiable berm crest, but sometimes the relief of cusps is so subtle that a berm crest is
not well defined. There are often two sets of cusps present. A high set that formed during a period
of high water and possibly large waves and a newer lower set that may be actively forming during
your observations. You will measure the wavelength (spacing) of the cusps and the relief. Count
the number of cusp horns along one of the 100-m distances you set out for the GPS survey. It does
not matter which direction you go from the profile. Counting over this distance will give you a more
consistent measurement for comparison from one time to the next because the spacing of cusps is
not always regular. Make this count for the lower and higher set of cusps if present. If cusps are not
present, make note of this on the form by recording the number of cusps to be zero.

Use the Emery rods to estimate the relief (height difference between the horns and embayments).
Pick a representative cusp for this measurement. There is no need to measure every cusp in the
set. You may want to measure a few cusps and average the results.

8. ROLE OF REMOTE SENSING AND GIS

The importance of shoreline monitoring is dealt in earlier sections. After monitoring the data needs
to be preserved and it should be made available to the coastal community. GIS and remote sensing
are the two important tools to handle and retrieve the spatial data sets respectively. “Remote
sensing is the science of deriving information about the earth’s land and water areas from images
acquired at a distance. It usually relies upon measurement of electromagnetic energy reflected or
emitted from the features of interest (Campbell 1987).” GIS is a useful tool for analysis, interpretation
and presentation of data, which can be aptly applied for shoreline management. The conceptual
design of GIS and relevant attributes for shoreline monitoring and management are discussed
initially and the usefulness of GIS is detailed with a case of Chennai.

8.1 Design Using GIS
8.1.1 Potential operations supported by GIS

In addition to monitoring erosion, which is a main task in shoreline management, operations relevant
to shoreline management that can be supported and improved by GIS technologies are discussed
below:

Coastal Engineering

Planning of coastal structures such as breakwater/ Groin/ gabbion/jetty requires information about
identified site and adjoining areas. The information on adjoining area would help in studying the
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structural influence on other areas. Asurvey has to be performed to provide topographic/bathymetric
maps, for example, on a scale of 1:1,000 for structure design. Tidal water level (High tide line and
Low Tide line) and storm surge data are necessary to determine height of the structure. In addition,
geotechnical data such as the shear strength of soil are also needed. Design drawings can be
generated using Auto CAD and linked to GIS. With all these data available in the digital form in a
GIS environment, a computerized or partially computerized design procedure is anticipated, which
will make the design process much more efficient and user friendly.

Inlet / Creek / Estuary Mouth Dredging

The local Government or agency often conducts inlet dredging to improve port access, navigation
of fishing boats at both high and low tides and for related purposes based on approximate area.
Though the current procedure does not envisage any guidelines for planning and implementation
of dredging operation and disposal, it is essential for effective shoreline and environmental
management. With the understanding of site and proper planning, the dredge spoil can be utilised
for nourishment of vulnerable erosion sites. The boundaries of the area to be dredged are drawn
on a 1:1 mile topographic map. A detailed bathymetric survey of the specified area is performed
and a map of 1:2000 is produced. The design boundary of the dredging area is located based on
the survey map. A post dredging survey is carried out to estimate the volume of the dredged
material. Periodical surveys may be performed to monitor trends of sedimentary movement and
predict future dredging sites and time. This operation may be improved by integrating numerical
modeling techniques. If the bathymetric data are in digital form, and the survey data are supplied
in digital form as well, the design procedure, volume estimation, and long-term trend analysis can
be accomplished in a GIS environment. The monthly variations of inlet cross section indicates the
amount of water exchanged between river and sea which is useful for assessing water quality
variations inside the creek / estuary.

Coastal Project Implementation and Monitoring

Services such as project cost estimation, project budget justification, tenders and budget monitoring
are part of project monitoring. When the design is completed and the contract has been awarded,
the progress of the project is monitored by government. This is done by reviewing progress reports
from contractors. In the monitoring work, important information needed is what has been done
and what still has to be carried out.

Numerical Modeling

Numerical modeling is a technique whereby the physical environment of the shoreline can be
investigated using computer technology. In particular, it is suitable for studying the erosion process,
shoreline changes, structure design and shoreline erosion prediction. Data needed for numerical
modeling include shoreline, bathymetry, size of grain, waves and tides. More sophisticated numerical
models consider the effects of wind as well. In an integrated system, if digital data are available,
data for numerical modeling should be organized in GIS and provided to the modeling system.
The result of the numerical modeling can then be displayed in the GIS environment. For example,
shoreline changes caused by different input data sets can be overlaid and compared. The simulated
shoreline can also be overlayed in GIS on other features such as land parcels and land use classes,
so that effect of erosion particularly the type of land that will be affected can be easily assessed.

8.1.2 Function Design

Based on the analysis of the operations to be supported under shoreline management, three
primary functions are identified:
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A flow chart describing the functional design of shoreline management is shown below:

Hard copies Time series/ Meta Digital data / Photography
data
Topographic Maps digital Maps Aerial
Data /
Hydrographic Maps observations Drawings/ Photography
) Satellite
Bathymetric Maps Statistical dat Imaaes
Geographic Information System ( GIS)
Shoreline Erosion Coastal Engineering and Coastal data inventory
Monitoring Management
Base map display
Shoreline erosion - Structure Design _ - Query by location
N Coastal Project - Query by types
conditions management . DataInput
Shoreline material - River / creek Mouth - Editing
Distribution dredglr}g )
Numerical modelling
OUTPUT

Reports Digital maps Graphic Display Databases

Under coastal erosion monitoring, shoreline erosion conditions are available along shoreline
stretches at the regional/local level. The overall information to be provided for erosion monitoring
consists of a base map of shoreline that is extracted from a digital map including shoreline with
state and district boundaries. Different colours and patterns represent shoreline segments with
different erosion categories. Information including location, length of shoreline affected, area or
number of lots affected, protection measures, description of erosion categories, and a picture of a
typical scene of this segment, is associated with each shoreline stretch. GIS data can be used to
generate digital maps of shoreline material distribution, critical erosion sites, locations of existing
erosion control structures, and land use.

Digital maps integrate spatial and non-spatial data and allow flexible queries. Specific information
can be obtained by clicking the mouse on the segment one is interested in. The comprehensive
integration of available data, the queries, and the analysis of the information across geo-referenced
layers are efficiently used for erosion monitoring, analysis of erosion causes, and shoreline
management.
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Coastal Engineering

The coastal engineering subsystem covers functions related to additional operations discussed
previously. In this GIS environment, basic data for coastal engineering design such as topographic
data, bathymetric data, and locations associated with time series data are geo-referenced in an
unique system, disregarding the effect of scale and projection. For example, a digital topographic/
hydrographic map can be overlaid with a cadastral map and an erosion condition map to find lots
and parcels to be affected by coastal erosion. Design of a coastal structure may be accomplished
on the screen, in an interactive mode. River mouth dredging can be planned more efficiently using
GIS because this system provides an unique environment for interactively defining the dredging
boundaries (locations to be dredged precisely) monitoring dredging progress, dredge disposal
and representing post-dredging survey results.

Coastal engineering involves operations such as structure design, coastal zone management,
coastal project monitoring, river/creek mouth dredging design, and modeling. Specific coastal
engineering and modeling software packages are usually not provided by a commercial GIS software
system, and, therefore, need to be integrated in the GIS environment. Some of the modules
developed by Danish Hydraulic Institute for modelling can be integrated to GIS Arc View through a
module called MIKE INFO Coast to represent all sorts of the data. Otherwise, simple public domain
modules can be linked to GIS like Refraction-Diffraction program that shows wave energy
concentration along the shoreline. However, generalization of these modules for other areas is a
difficult task because the variables are site specific and needs expertise.

Coastal Data Inventory

The GIS is also a central coastal data inventory unit. If digital data are available from various
sources will be directly stored in the database. For digital data, that are very large and not of
spatial nature such as time series data, a metadata file may be stored instead of the actual data set
itself. The metadata supply the information such as data collector, reference system, datum, date
of collection, format for retrieving, storing site, availability and contact person. With this meta
information, users would be able to have an overview of the data and know how to request. This
is also beneficial to data collection planning.

8.1.3 Shoreline and Related data

To support the functions described above, various types of data are required. Because data
acquisition and database generation are often the most expensive and important, existing data
(both in digital or hard copy format) should be integrated into GIS. Considering the nature of this
coastal GIS, the following data can be included in databases:

Shoreline history: Aerial photographs of the entire country’s shoreline should be taken every five
years in order to accumulate data for monitoring long-term shoreline changes (Stanley 1985, Li
1995). In areas with severely eroded shoreline segments, large-scale aerial photographs should
be taken more frequently, i.e. every 1 to 3 years. Large-scale photographs may be used to calculate
shoreline and periodical changes, as well as for other purposes such as coastal zone topographic
mapping. Seasonal data on Beach profiling, crest of berm and erosion patterns should also be
considered.

Bathymetric data: These data can be obtained from hardcopy nautical charts of 1:125,000 and

1:150,000. Charts of National Hydrographic Department (NHD) and some local authorities are
valuable source for studying morphological changes.
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Topographic data: Topographic maps of 1:50,000 maintained by the Survey of India can be used
for interpretation of land use changes near coastline.

Attribute data: Attribute data, such as information on demographic trends, land use, geology, soil
types, and quality of the environment, are necessary when planning for setbacks, to protect
residential areas, CRZ limits to avoid environmental impacts, and for other purposes.

Multimedia data: These can be built using terrestrial and aerial photographs (which are invaluable
when interpreting erosion status of shoreline segments over periods of time), line drawings, video
clips, and results of simulation and animation. In the project described here, hardcopy photos are
scanned into the system, and the scanned images are then associated with the features under
observation. The multimedia data so created can be displayed via a hot link, by clicking the
corresponding features.

Hydrodynamic and Meteorological data: Time series data, such as wave and wind data, water
surface elevation data (tides) and daily river discharge data describe the processes affecting the
shoreline and other coastal settings. A link between time series and spatial data opens a new way
of comprehensive database management based on integrated coastal modeling. In most cases,
time series data have the following characteristics: a) the position of a sensor can be treated as a
constant, and b) the observation data are large in size and expand rapidly along with time.

Littoral Environment Observations (LEO) and Long term Wave Statistics: Short duration
observations for wave, beach slope, longshore current, and water level information collected at
LEO sites are compiled and made available for estimation of annual Littoral drift. Data from Wave
rider buoy are considered and statistical analysis of 20-minute data records obtained by sampling
at every 3 hours is kept in digital form for assessing long term wave climate.

8.1.4 External Design

At this stage, the complex physical phenomenon is simplified to accommodate the requirements of
the database generating applications, as information from the dynamic processes is too rich to be
all included in a database. The result of the external design is usually a description of existing
spatial and attributable data. A list of data categories that should be included in the database is
givenin Li (1994 and 1995).

8.1.5 Conceptual Design

At this stage, a structure for organizing the data is constructed. Spatial objects are defined as
entities and transferred to features in GIS. Attributes are associated with the entities. Associations/
relations are used to describe relationships between entities. To implement the relationship which
also checks the consistency of the database. The result of the conceptual design is an Entity
Relation (ER) model where erosion-related attributes are associated with stretches of a shoreline
organized as a route using Arc Info’'s dynamic segmentation feature. The model incorporates
demographic, land use and other information at the state, district, and parcel levels (Li, 1995). All
the data defined in the data dictionary can be used in this model.

8.1.6 Logical Design

In this phase, the ER model is converted into tables, if it is decided that the relational database is
to be applied. Usually, each entity or association/relation is converted into a table. However, some
tables may be combined into one or splitinto a number of tables in order to conform to the consistency
requirements of standard spatial relational databases. The following are examples of some major
tables that can be created at this stage.
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Point tables

City (City_ID, Name, Population, Distr_name, State-name.....)

Construct_site (Const_site_ID, Name, Type, Year, Drawing_file, Img_file, Design_file....)
LEO_XY (LEO_ID, X, Y, File_name...)

Airphoto_XY (Airphoto_ID, X, Y, Scale, Meta_name, Img_File...)

Arc tables

Intern_border (Intern_line_ID, Count_I, Count_r, Length...)
Shoreline (Shoreline_ID, From, To, Length, Erosion_categ, Material, Landuse, Distr_name...)

Polygon tables

State (State_ID, Name, Population....)

District (District_ID, Name, Population, State_name....)
Geology (Poly_ID, Geo_categ, Distr_nsme, State_name...)
Landuse (Poly_ID, Landuse, Distr_nsme, State_name.....)

The shoreline table is a line event table defining erosion categories of shoreline stretches in the
dynamic segmentation system. One of its advantages is its flexibility in defining shoreline segments.
For example, a change in erosion status of the shoreline within one region or state depends on the
severity of the erosion. Also, the erosion status of the shoreline changes over time and it needs to
be updated periodically.

In a dynamic segmentation model, the shoreline segments can be updated in a route system by
setting the measurements (or attributes) of the distances between the origin of the route to the
start and end points of the segments, respectively, without breaking arcs and defining nodes.
LEO_XY and Airphoto_XY are two point-even tables linking LEO time-series observations and
aerial photographs to the GIS. This provides an interface between the GIS and the vast amount of
time series data and the images.

8.1.7 Interior Design

The first three database design phases are system independent. In the interior design, however,
the functions and capabilities of the hardware and software have to be considered. The spatial
data modeling was supported by dBase, ArcCAD (ESRI 1994) and ArcView. The tables that were
implemented in the project were designed with the strength and limitations of the hardware and
software systems used in mind. In ArcCAD, for instance, graphic data are all stored in an AutoCAD
format as drawings. Specific geometric entities or groups could be organized as blocks and layers.
The GIS data will be organized according to themes, which are similar to layers in Arcinfo. The
graphic data of a theme could be from a drawing file or from an Arcinfo layer. Each theme is
associated with a GIS data set where additional geometric data, attributes, and topological data
are stored.

9. IMPLEMENTATION

The model described in the proposal is at implementation stage at ICMAM-PD and the some of the
findings are indicated with illustrations generated in GIS Environment.

9.1 Erosion Monitoring

The Tamil Nadu State Public Works Department is observing monthly shoreline oscillations from
70’s under the monitoring program Crest of Berm. The distance of the berm is measured from
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reference pillar located at a considerable distance from the water point. The trends of erosion /
accretion along the Chennai coast interpreted from the above program is shown with background
map of NHO chart inthe fig 7. Itindicates the overall pattern of erosion/accretion along the coast.
The specific information about the particular site is available at that location which can be repre-
sented by polygon.
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Fig. 7 - Trends of Erosion/ Accretion Fig 8. - Status of shoreline at Ennore

along Chennai

The above program can be further extended to cover beach profiles upto water depth of 7 m and
+1.0 m on landside. ICMAM-PD has undertaken a field program in association with the Institute for
Ocean Management, Anna University, to study the impact of satellite port on shoreline changes.
The beach profile measurements are carried out with high precision equipment Real Time Global
Positioning System (RTK). The details of beach plan forms were shown in fig 8 and fig 9, and the
for different periods near Ennore are shown in fig 10. DTM of the shoreline can be generated if fine
grid data is available along the coast which will be useful for prediction of extent of inundation
during coastal flooding and amount of material lost during storm.

The synoptic overview provided by satellite remote sensing along with its capability of repeated
coverage, enables to detect the changes in the shoreline. IRS —1D satellite launched by ISRO
provides a spatial resolution of 5.6 m with temporal coverage of 24 days. In the present study,
radiometrically corrected data was obtained from NRSA and processed for further analysis. It is a
normal practice to undertake geometric rectification using Ground Control Points (GCP) derived
from Survey of India (SOI) toposheets, which are available at the scale of 1:25000. As, the
rectification based on toposheet is likely to generate error in the order of 30 meters and above, the
image is corrected using predetermined GCP points, obtained from the field survey using RTKGPS,
which is having an accuracy of sub-meter. The 1998 scene was registered to geographical
coordinates using 1st order polynomial to transform the line and column location of pixels to their
LAT/LONG locations derived from the map and RTKGPS data. The other images were registered
to the Geo corrected 1998 scene. Among the different techniques available to enhance the quality
of the image, spatial enhancement with convolution filtering is adopted for determining shoreline
features. Image enhancement is the process of making an image more interpretable for a particular
application (Faust, 1989). Enhancement makes important features of raw, remotely sensed data
more interpretable to the human eye. Convolution filtering is the process of averaging small sets of
pixels across an image and is used to change the spatial frequency characteristics of an image
(Jensen, 1996). Remote sensing images from 1999 to 2003 are used to monitor the evolution of
beach fill. Fig 9 clearly brings out the configuration of shoreline before fill (1999), after fill (2000)
and eroding fill (2003).

44



(X

|

bk drida ok

| 11 e o el 4 Dinasc B bankiee Poal

e e b S L

T rh prafle iesarermeeal luresd sl B8 frem swdb
T easwaim

Fig 9. - Evolution of beach fill between 1999-
2003

Fig 10 - Beach profiles south of Ennore
Port (Cross section at typical transect
located 800 m from breakwater)

9.2 Coastal Engineering

Coastal Engineering involves many operations such as structure design, river / creek mouth dredging
and modeling. The importance of river / creek dredging and numerical modeling for prediction of
morphological changes due to construction of Ennore port is explained through following examples.

9.2.1 Inlet/ Creek dredging

Due to construction of Ennore port, the beach south of port is accreting with rate of 10 m per anum.
As aresult of this accretion, Ennore creek that is 2.6 km from the south breakwater is experiencing
siltation due to north born littoral drift. Tamilnadu state electricity board (TNSEB) resorted for
continuous dredging by deploying two dredgers. The monthly rate of dredging is shown in fig 11.
This clearly indicates that the littoral drift rate is low during NE monsoon (October to February).
This information together with other coastal engineering data is useful for estimating littoral drift,
identifying disposal site for dredging and for planning beach nourishment in the areas where sever
erosion is taking place.
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Fig 11. - Plot showing the dredging Fig 12. Shoals at Ennore
rate at Ennore Creek

The coast north of Ennore port is protected by naturally formed shoals. These shoals extend upto
length of 14 km with its width varying between 500 m to 1500 m. The configuration of shoals
generated in GIS is shown in fig 12. The reason formation shoals can be attributed to difference in
longshore sediment transport rate due to change in orientation of coast. Construction of satellite
port is expected to alter the circulation and sediment transport pattern north port, thereby the
shoals may experience erosion. The erosion of shoals will lead to increased wave attack on coast
north of port resulting erosion.
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9.3 Coastal data Inventory
The data on waves, tides, currents, beach profiles, bathymetry, dredging and sediment

characteristics is useful for modelling and planning interventions. The data on above parameters
can be stored with location under coastal project (MIKE INFO COAST, DHI).
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4. APPLICATION OF GEOGRAPHICAL INFORMATION SYSTEM (GIS) IN INTEGRATED
COASTAL AND MARINE AREA MANAGEMENT

B.R. Subramanian
Ministry of Earth Sciences
ICMAM Project Directorate

Chennai, India

[. INTRODUCTION

The coastal zone comprising the coastal land of marine influence and the coastal water influence
by hinterland activities, is one of the most dynamic areas supporting a variety of natural and human
related activities. Management of the activities prevailing in the coastal zone like human settlement,
industrial and port operations, recreation, fishing etc. is one of the most complicated and difficult
tasks. Each activity fall into one or more sectors and operation of these activities do create impact
on the other activities. These activities if planned in isolation and not implemented in consonance
with other activities will lead to severe degradation of ecology of the coastal and marine areas.
Further the coastal zone inhabits specialized ecosystem like mangroves, coral reefs, breeding and
nesting grounds of endangered species like turtles, dugongs etc. If the coastal zone activities like
construction of ports etc., are carried out without properly understanding the process that play a
vital role on the impact of constructing manmade structures, it might affect the ecology of ambient
ecosystem especially the coral reefs and mangroves, thereby causing the degradation/loss of
these habitats. Therefore, a thorough understanding of the processes and other phenomena
prevalent/operating along the coastal and marine ecosystem is extremely essential to minimize
damage to the coastal ecosystem.

Itis essential to use appropriate tools and techniques to understand the processes and phenomena
that are operating in the coastal and marine environment. Several advancement in the development
of these tools and techniques have taken place over the years which include development of
modelling software to understand the role of coastal process in studying the impact of structure of
ports and harbours, disposal of wastes in the sea and tools like Remote Sensing to have a glimpse
of the latest status of coastal land and the Geographical Information System (GIS) to collate,
display and analyze the data and present the information in an user friendly manner. Further, for
effective use of these tools and techniques, the nature of the coastal zone, the ecosystem prevalent,
the multiple use of coastal zone for several activities and their impact on coastal and marine
environment are essential. The details of coastal ecosystem and coastal activities along the coast
including their impact on the ecosystem are given below:

2. COASTAL ECO-SYSTEMS

India has a coastline of 7516 km. It has an Exclusive Economic Zone of 2.02 Million Sq. Km. Out
of its 940 million population (as of 1999), nearly 20% live in the coastal areas. Many highly
populated and industrialized cities like Mumbai, Chennai, Kolkata, Cochin, Visakhapatnam are
located along/near the coastal areas. There are 12 major ports and a number of minor ports
handling shipping to various degrees of intensity. The coastline of the mainland falls under the
divisions of 9 States and two Union Territories. The coastline of islands of Andaman, Nicobar and
Lakshadweep (Laccadives) group of islands constitute nearly 2000 km.

The details on various coastal ecosystems, environmental problems due to prevalence of various
activities and management needed are given below:
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Coastal wet lands

Along the Indian coastline, the brackishwater areas including marshes, backwaters, mangroves,
inter- and sub-tidal measures about 14,16,300 hectares. These areas act as feeding and nursery
grounds for a variety of commercially important fish, prawn and crabs, media for inland
transportation, fishing etc.

Mangroves

Along the Indian coast mangroves are found along the islands, major deltas, estuaries and
backwaters of the East Coast of India. They also exist along the oceanic island groups of the
Andaman and Nicobar. The total mangrove area is estimated to be 6,81,976 hectares. While the
mangroves along the West Coast of India are dense, they are scattered and comparatively small
in area along the West Coast. Gangetic Sunderbans (418,888 ha), Andaman-Nicobar Islands
(115,000 ha), Krishna, Kaveri and Godavari deltas and Mahanadi delta are some of the best
mangrove formations of India.

There are about 45 mangrove species along the Indian coast. The dominant genera are Rhizophora,
Avicennia, Bruguiera, Sonneratia, Canocarpus, Heretiera, Xylocarpus, Ceriops and Excoecaria.

Mangrove forests mainly function as the most ideal spawning, breeding and nursery grounds for
nearshore estuarine organisms like fishes, crabs, prawns, molluscs, etc. Some of the common
and economically important species are Mugil cephalus, Hilsa ilisha, Lates calcarifer, Scylla serrata,
Meretrix casta, Crassostrea grephoides and Penaeus spp.

Apart from the captive and culture fisheries, mangroves are also important as “Coastal Stabilizers”
and “Shelter belt areas”. These formations protect the coasts and the landward areas from erosion
and cyclonic destructions to some extent. Apart from these, the mangrove forests of India have
importance from a wildlife, recreation and education point of view. “Project Tiger” of Sundarbans
and “Crocodile Sanctuary” in the Mahanadi delta are examples of such activities.

Coral reefs

Around India, coral reef formations are found in the Palk Bay, Gulf of Mannar, Gulf of Kutch,
Central West Coast of India, Lakshadweep atolls, and Andaman-Nicobar Islands. Both the coral
atoll and the fringing coral reefs are of utmost significance in Indian waters. A few species of corals
have recently been reported from the Malvan (Maharashtra) coast. 32 genera from Minicoy Islands,
34 genera from Palk Bay and Gulf of Mannar, 25 genera from Andaman Islands, 9 genera from
Lakshadweep and 3 genera from Nicobar Islands have also been reported. 342 species belonging
to 76 genera from the seas around India have been described.

Primary productivity studies of coral reefs in Indian waters indicated comparable rates with other
reefs and marine ecosystems. Often the large benthic algal communities and extensive seagrass
beds are equally important as the energy released from them is transferred to higher tropic levels
by way of the detrital food chain.

Marine National Parks, marine sanctuaries
On account of their high bio-diversity, the Gulf of Mannar and Wandoor (Andaman) have been
declared as Marine National Parks and Malvan coast (Maharashtra), Gulf of Kutch, Jamnagar as

Marine Sanctuaries. There are a number of other specialized ecosystems which exhibit a large
variety of marine life and they include Chilka and Pulicat Lakes, Point Calimere, etc.
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3. ACTIVITIES IN MARINE AREAS, ENVIRONMENTAL PROBLEMS THEIR IMPACT ON
MARINE ENVIRONMENT

(i) Land-based activities causing pollution
(a) Disposal of Domestic Sewage

Demographic pressure in the urban cities and towns has resulted in the production of enormous
amounts of domestic waste materials. These materials reach the marine environment either directly
or indirectly through rivers, creeks, bays, etc. The domestic sewage contributes to the largest
amount of waste and it has been estimated that approximately 21600 Million Litres per Day (Figures
as on 2000) reach the coastal environment of the country. These wastes predominantly contain
degradable organic matter, which utilize enormous amount of oxygen from seawater for its oxidation.
The low oxygenated seawater leads to decrease of population of flora and fauna.

Domestic wastes are discharged mostly in untreated conditions due to the lack of treatment facilities
in most of the cities and towns. It has been reported that only primary treatment facilities are
available in cities and towns where the population is more than 100,000 and the capacity of the
plants is not adequate for the treatment of the total waste generated in the city. As a result, the
chemical characteristics of the wastewater retain almost their original features and cause damage
to the environmental water quality.

Due to the disposal of wastes from the land into the sea, which is predominant at present in
Bombay, Madras, Visakhapatnam, Calcutta and Mangalore, not only the ecology of the marine
environment in these areas is disturbed but also its impact is likely to be carried to the other areas
due to the prevalent pattern of coastal circulation. For e.g., the strong northerly drift during November
to December prevalent along the Gujarat coast causes movement of water from the Gulf of Cambay
moves up to Sutrapada. Since the Gulf of Cambay is one of the zones of high drainage of pollutants
from the nearby estuaries, it is quite possible that the wastes discharged into the coastal waters
are carried out to the northern region. It is well known that the Saurashtra coast is rich in fishery
resources. Even though the pollution problem in the coastal waters of Gulf of Cambay is not very
serious at present, considering the population explosion and rapid industrialization in that area,
continuation of the dumping of pollutants in the Gulf of Cambay in the subsequent years might lead
to pollution along the Sutrapada coast, affecting the fish production by way of mortality of juveniles
which are sensitive to pollutants.

(b) Discharge of Industrial Waste

India is one of highly industrialized nations in the world. Major industrial cities and towns of the
country such as Surat, Mumbai, Cochin, Chennai, Visakhapatnam and Kolkata are situated on or
near the coastline. The total quantity of wastes discharged by these industries is estimated to be
0.67 x 109 cu.m (Figures as on 1994).

While the major industries discharge treated effluents into the sea, numerous small and medium
scale industries discharge the untreated effluents into the adjoining wastewater canals, municipal
drains, creeks, etc. The industrial effluents containing toxic metals like mercury, cadmium, Lead,
Arsenic etc reach the human through edible fishes. The metals like mercury cause several muscular
ailments in the human.
(if) Other activities causing environmental problems:

(a) Developmental activities like construction of ports, breakwaters, etc.
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The coastal engineering studies have revealed that the construction of breakwaters alter the
sediment transport mechanism in the coastal areas, thereby causing erosion and accretion,
depending on the direction of the littoral drift. The effect of accretion will be siltation in the areas
where coral reefs are abundant. Such siltation completely covers the coral bed causing the mortality
of coral polyps, ultimately leading to destruction of the coral environment. Erosion leads to loss of
land which, probably, is used for coconut plantations, etc. Erosion in the mangrove areas leads to
decrease in the density of mangroves. Erosion in the riverbed and the channel areas cause
eutrophication in the coastal waters, etc.

(b) Impact of dredging of the ocean area for maintenance and deepening the
navigation channels

Deepening of navigation channels for ensuring adequate draft to the vessels is one of the essential
aspects in major ports. Before initiating the dredging, generally the port authorities conduct model
studies to locate sites for disposal of the dredged sediments. These are mostly non-biological
models and give solutions for dispersal of dredged sediments away from the dredged area so that
there is no immediate accretion of sediments in the navigational channels. However, such models
do not give any impact of dredged sediments on the marine life.

Studies conducted have revealed that in the mouth of estuaries and in the outer port limits where
normally the dredging is done, the dispersed sediments increase the concentration of suspended
matter in the ambient water which may cause mortality of filter feeders like clams. In fact, in most
of the areas where the dumping of dredged sediments occur, the area is devoid of filter feeding
animals. This leads to reduction in biodiversity in that area.

(iii) Sea-based activities causing environmental disturbances and pollution
(a) Offshore oil platforms:

The oil platform discharge operational wastes like mud slurry into the surrounding environment,
which contain trace amount of oil also. The slurry, when introduced into the marine environment,
causes mortality of the organisms in the ambient marine environment due to lowering of oxygen
levels in the surrounding areas. This effect is significant in productive waters like the West Coast of
India. A fair amount of primary production has been recorded in the West Coast of India, wherein
the offshore platforms do operate. However, such disposal will cause insignificant impact on the
deep offshore areas, particularly in oligotrophic waters.

(b) Navigation by ships, tankers, etc.:

The western part of the Indian Exclusive Economic Zone, i.e. Arabian Sea adjoining peninsular
India, forms the main international tanker route for oil tankers originating from the Gulf. It has been
estimated that some 434 million tonnes of crude oil is transported annually along this route, involving
approximately 2500 laden tankers. The preferred route is through the 990 channel between the
Maldives and Lakshadweep Islands, during the Southwest monsoon (May to September), and
north of Lakshadweep following the 200 metre depth curve west of Mangalore, at other times.
Considering the large volume of oil transported and high rate of tanker movement, the probability
of tanker accident is high. The last major accident in the area occurred in Jan., 1993 and a few
tonnes of oil spilled in the Andaman Sea. During the southwest monsoon, oil spills occurring
between 68° E and 76°E, will tend to drift towards the Lakshadweep Islands and Kerala coast. At
other times oil spills could threaten the Lakshadweep between December and February and the
Kerala coast during March and April. Any accidental spillage of oil along the tanker route will
cause severe and in some cases irreparable damage to the marine ecosystem. Similar damage
would be caused if accidents take place during the southwest monsoon seasons. In addition,
offshore oil exploration and production activities, the transfer operations of oil at single buoy mooring
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stations, as well as in lightering operations and during bunkering operations in the major ports and
at Single Point Mooring (SPM) in Gulf of Kutch, also cause spillage of oil particularly during accidents.
Besides such oil transfer facilities in India, the lightering operations carried out in the rest of the
South Asian countries may also be the additional sources of oil pollution to the Indian waters
especially during accidents.

Impact of oil spill on the marine environment

The extent of damage caused by an oil spill depends upon the quantity of the oil spilled, type of oil
involved in the spillage and the oceanographic and meteorological conditions prevailing in the
location where the spill has occurred. Immediately after a spill, oil spreads on the sea surface at
the rate of 3% of the prevailing wind speed. Having lower surface tension than seawater, oil will
spread faster than the flow of water under it. The lighter fractions of oil, carbon numbers less than
C12, comprising around 40%, will evaporate during the 24 hours immediately after a spill. Photo
oxidation by solar UV radiation will account for a maximum of 1% per day of the total volume
spilled. The heavier fraction will be broken down by oil degrading bacteria, naturally occurring in
seawater. The maximum possible rate for this is 2 gm'2d'1. A part of the oil will also be oxidized by
the dissolved oxygen at the rate of 1 mg oil per 3 mg oxygen. Barely 1% of the spilled oil may get
dispersed, suspended or dissolved in water. All these processes proceed quite fast in warm water.
One can, therefore, optimistically presume, in warm tropical waters roughly half of the spilled oil
will disappear during the first 24 hours after an oil spill. Of course, this amount will vary with the
varying density and viscosity of the oil at its source. The surface phytoplankton gets completely
decimated after a spill. Zooplankton population will also be affected because of the availability of
excess oil as they can ingest and excrete oil. But this process has been observed to last 3 to 4
days only.

When the oil spills in large quantity, it temporarily affects the air-sea interaction, thus preventing
the entry of oxygen from atmosphere. The first set of organisms to be affected are the primary
producers like phytoplankton which is the basis of the marine food chain. The other free-swimming
organisms such as fish larvae, fish, etc., also get affected. When they come in contact with the oil,
the gill region of the fish get clogged by the oil, which affects the respiratory process in fish, leading
to their death. However, this is uncommon among fast swimming fishes. In case the oil spill occurs
in an enclosed area and if the spill remains undisturbed in the surface by winds and other
oceanographic conditions, the underneath water becomes deoxygenated due to the absence of
air-sea interaction. This deoxygenation apparently causes mass mortality of inhabiting organisms
due to obvious reasons of lack of adequate levels of oxygen for respiration. Further, when the oil
sinks during the course of time, it affects the benthic organisms such as clams, mussels, etc., as
the tar particles get deposited in the mantle of these organisms which arrests their physiological
activities including respiration. The operational discharges from ships and tankers do not cause
any large-scale damage to planktonic organisms. However, if the traffic is more close to coral reef
ecosystems, the thin film of oil formed on surface is likely to prevent air-sea interaction resulting
into decrease of oxygen which will have an adverse impact on the survival of corals and other
associated organisms.

Even though very few oil spill incidents had occurred in Indian waters, the damage caused to the
marine environment on such occasions was alarming in one or two cases for e.g., when the American
tanker “Transhuron”, carrying furnace oil, ran aground spilling about 5,000 tons of oil on the shores
of one of the Lakshadweep group of islands, viz. Kilton Islands. Investigations revealed that mass
mortality of corals, lobsters and crabs occurred. The recent incident of rupturing of ONGC pipeline
resulted into deposition of tar residues of oil along 3 km in Murud beach giving unaesthetic
appearance and also causing mortality of micro and meiofauna.

During the oil spill accidents, a layer of oil gets coated on the surface of the fish, which makes it as
unacceptable for human consumption. The fishermen who happen to get only such kind of fish
catches during the oil spill incidents are affected economically.
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Other effects

Besides its deleterious impact on marine ecology and also socio-economy of fishermen, the oil
spills do cause operational problems to several coastal industries like power plants, coastal refineries
as well as shipping.

4. THE APPLICATION OR CONCEPT OF INTEGRATED COASTAL AND MARINE AREA
MANAGEMENT (ICMAM) TO ADDRESS PROBLEMS IN THE COASTAL AREAS.

Due to complexity of activities prevalent along the coastal land and marine environment, an
integrated management of these activities in a coordinated manner through appropriate planning
exercises would provide a solution to minimize inter/ sectoral/cross sectoral activities. For e.g.
construction of ports/ harbours/ breakwaters without considering the suitability of the site may lead
to damage to surrounding ecosystem which may be a brackishwater lake or tourism beach or
habitat for endangered species. Similarly disposing waste from domestic/industrial areas close to
recreation facilities like beach resort or areas of ecto-tourism will affect the economy derived from
the tourism and related activities. Adoption of ICMAM avoids such conflicting uses and other
detrimental effects.

ICMAM can benefit a country or region through any or all of the following:

Facilitating sustainable economic growth based on natural resources.
Conserving natural habitats and species.

Controlling pollution and the alteration of shorelands and beachfronts.
Controlling watershed activities that adversely effect coastal zones.

Controlling excavation, mining and other alteration of coral reefs, water basins,
and sea floors.

Rehabilitating degraded resources.

Providing a mechanism and tools for rational resource allocation.

arLONE
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To accomplish its objectives, ICMAM requires several national actions, including the following:

1. A policy commitment to support coastal resources management and environmental
conservation.

2. Achieving an understanding on resources and environmental objectives among the
various coastal stakeholders.

3. An effective coordination mechanism among government agencies

4. Initiation of a system for review of development projects, including environmental
assessment.

5. Accumulation of technical information.

6. Design and development of effective planning and management programmes with the
aid of scientific tools and techniques.

GIS as a scientific tool for Coastal and Marine Area Management

As said earlier, the scientific based management tools to analyze various coastal problems/issues
are, Computer based modeling, Remote Sensing, GIS, etc. GIS is a powerful tool to assemble the
data on various aspects of the coastal zone. It has the ability to handle much larger data bases
and to integrate the Synthesize data from a much wider range or relevant criteria than might be
achieved by manual methods. This indicates that more balanced and coordinated management
strategies may be developed for considerably longer lengths of coast. The GIS is being extensively
used in the following coastal and marine related applications, which mostly encompass the problems
stated in, section 3.
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1. Inventories of Resource Distribution, location of ports, recreation areas, water bodies,
land use features, biological organisms etc.

2. Monitoring of shoreline due to seasonal accretion/erosional problems

3. Mapping of low lying areas for protection against floods and storm surges, natural
resources (like corals, mangroves)

4. Monitoring the movement of the oil spills especially close to the ecologically sensitive
areas like coral reefs, mangroves etc.

5. Display of model outputs especially on sea level changes, behaviour of wave
parameters on coastal areas etc.

6. Understanding the relationship between resources and environment and other
parameters that affect the resources. The overlay facility/function available in the GIS
Software enables to make the study of such a relationship.

Several examples can be shown to demonstrate the application of GIS on the above aspect. They
are:

(8) GIS in Inventories

Inventories on proportion of the mangrove areas and associated ecosystem and the infrastructure
available can be used to display in the GIS, which help as a ready reference to various aspects of
the habitat. The figure below (Fig.1) shows the distribution of mangrove areas in Coringa of Andhra
Pradesh along with other details of location of villages, landuse, rivers, road network etc. Such an
information reveal the nature of land use prevalent which might influence the mangrove ecosystem
and other facilities available around the mangrove area, which may help in promoting the eco-
tourism, fisheries, trade etc.

Fig. 1 Mangrove and adjoining areas of Coringa

(b) GIS for Land-use Management

The figure below (Fig. 2) indicates the type of land that are prevalent along the fast developing city
like Chennai, which help planners to understand the type of land available for future expansion
and also to maintain the sustainable utility of these resources in the long-term.

The figure below (Fig. 3a) pertains to land-use available along the East Coast road close to Chennai
which have been attracting tourism industry. The area has rich underground aquifers, which is one
of the major drinking water sources for the Chennai City. Fig. 3b indicates recharge potential of
these areas. An overlay of recharging potential of soil of these land cover, indicate areas falling
under different recharge categories (Fig. 3c). This helps in avoiding development of large con-
crete based tourism establishments in the highly rechargeable areas.
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Fig. 3a Land-use/land cover Fig. 3b. Recharge Fig. 3c Overlay of landuse

along East Coast Road potential map and water rechargeable
areas from Injambakkam to
Kovalam

(c) GISin shoreline changes studies

GIS has been extremely useful in studying the shoreline changes particularly in areas where the
seasonal reversal of littoral drift occur. This is prominent in the coastline especially where the near
shore obstruction like breakwater of ports and harbours etc. exist. The figure below (Fig.4) shows
the influence of breakwater on the shoreline changes, south of newly built Ennore Port (Chennai)
causing accretion on the beach. The GIS software helps to measure accurately the extent of
accretion and its exact location along the coast of the area. The displays shows extension shoreline
within 500 m from the breakwater as 75 m in April 200, 147 m in Aug, 2000 and 128 m in October
2000. It also helps in the management of the shoreline changes by way of facilitating the display of
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model outputs over the existing shoreline which would enable the Coastal Engineer to under-
stand the extent of utility of the model output.

IS in
understanding
Shorefine Changes
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Fig. 4 Seasonal variation in shoreline changes at Ennore

(d) GIS in Mapping of natural resources and hazard areas

GIS is extensively used in mapping of natural resources like corals, mangroves, fishery resources,
areas prone to inundation in the event of flood, cyclone etc. The figure given below indicates the
extent of distribution of live corals of the Mandapam Group of Islands in the Gulf of Mannar. The
overlay facility enables super imposing of depth contours.

around these islands. This enables the Resource Manager to understand the extent of distribution
of live corals against the depth. Such an inventory-based mapping is very useful to exercise
preservation, conservation and regulatory measures in the coral reef areas.

GIS is useful in understanding inundation of the extent of seawater into the coastal land area
during cyclone and mapping of low-lying areas. The Nellore to Machalipatnam area along the
Andhra coast is a low-lying area (Fig. 6a) and is prone to cyclonic effects. The map below (Fig. 6b)
indicates the extent of inundation of during storm surges with a height of 3.1 m along the coastline
of these areas. The inundated area was estimated to be about 1207 sq.km with varying distance
from the coast. Such an output is helpful in planning several preventive and remedial measures,
when such calamities occur.

idls in Mandapamiisands
. i

Fig. 5 Distribution of live corals around the Mandapam group of islands in Gulf of
Mannar with depth contours
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Fig. 6a Map indicating Nellore to Fig. 6b Flooding of low lying areas in the
Machalipatnam event of storm and flooding

(e) GIS in studying effect of Oil spills

GIS is used extensively all over the world to understand the movement of the oil spills especially
close to the ecologically sensitive areas like coral reefs and mangroves. This would clearly indi-
cate the extent of the area that would be affect in the event of such spills. The figure below indicate
the simulated oil spill in Gulf of Kutch (Fig. 7a) and their landing along the coastal areas including
coral reefs and mangroves after a period of 96 hours (Fig. 7b). In this case, GIS is used an
illustrative presentation tool of model output which was performed using the modelling software
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Fig. 7 A Output of oil spill models in GIS Fig. 7b  Showing spilled oil reaching close
to coral reef areas after 96 hrs

Such an output is useful in taking preventive measures like deployment of oil containing devices
like booms to protect these resources.

Data needs of GIS for Coastal Zone Management

The use of GIS in the coastal zone management including management of critical habitats demand
extensive data generated through a database. Application of GIS depends on data from primary
resources, which can be obtained by direct methods like field investigation on parameters such as
tides, currents, water quality, and population of biological organisms of the area. In order to facilitate
representation of the data, especially in a spatial manner, the secondary data such as maps,
satellite/remote sensing data with reasonable accuracy in resolution are needed. There are several
types of databases that can be used in GIS and some of these are:
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1. Basic geodetic or planemetric data, which establish the geographic referencing system,
caused such coastal entities/processes of interest may be placed.

2. Topographic data, which records locations and distribution of land and cultural factors
(beaches, cliffs, dunes, roads, settlements, harbours etc.).

3. Qualitative and Quantitative data which provide further information about the properties of
parameters such as grain size of sand/sediment on a beach morphodynamic indices, tidal
range especially in ports population of organisms etc., of coastal entities and phenomena.

4. Time series data which allow temporal databases to be prepared and information to be
gleaned about the variability of coastal entities, attributes and relationships in both space
and time;

5. Metadata, which allow estimate of currency, history, ownership and reliability of information,
desired from the system.

Difficulties in gathering data in coastal areas

The coastal and marine areas being complicated due to operation of several dynamic phenomena
like waves, currents etc., cause severe operational difficulties in collecting the data required for
understanding the role of these parameters, especially the role of coastal process on coastal
structures, and waste disposal. Globally the data on marine related parameters are scarce. This
become complicated by non-accessibility of the data collected by various agencies on physical
parameters for strategic and commercial considerations. For e.g. large scale maps used by the
Defence establishments are non-accessible to the civilian agencies which need these maps/data
to study the impact of cyclones and floods on the inundation of sea water/flood water in the land
areas especially to know the extent of the land infrastructure, settlements and other resources that
will be affected during such occasions. This istrue not only in developing countries but also in the
developed nations.

The other difficulties experienced with respect to the need for data to be used in GIS is the coastal
mapping, which is the basic necessity for all possible information/model outputs in GIS. Lack of
adoption of standards in the scale of the maps that are used by several agencies, make the GIS
applications more complicated.

Several research on use of data for GIS applications are still in progress. Even though considerable
progress has been made to display the spatial data (mostly satellite based data), basic research
need to be done into spatial — temporal reasoning. Once these problems solved, it will help in
several operational applications of GIS, which would effectively help in the management of the
coastal and marine areas.

Conclusion

The field of application of GIS for coastal management has proved its utility in its present capabilities
which enables the Coastal Managers to use this tool for effective management of various phenomena
like erosion, oil spill, resource inventory etc. The marine application of GIS is being challenging,
demands greater R&D on application of this tool in the coming years.

The use of GIS for coastal and marine applications is largely related coastal land environment
except that of coral reef mapping. The present paper shows a few examples of application of GIS
for Coastal Zone Management. Considering its utility for coastal management, there is an urgent
need to develop methodology for a variety of marine applications including the 3D GIS. A few
attempts have already been in this direction and further research is needed in the future.
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OCEAN — DATA
COLELCTION

The marine
environment is
facing a multiplicity
of challenges.
Some, such as the
decline in fish
stocks and land-
based sources of
pollution are
persistent ones.
Others, from the
emergence of ‘dead
zones’ and the
impacts of climate
change including
acidification are
rapidly emerging
ones. Indeed
experts now
estimate that up to
40 per cent of the
CO2 entering the
atmosphere is
being cycled
through the marine
environment, thus
playing a crucial
role in moderating
climate change. A
systematic
assessment process
is long overdue.
The oceans’ play a
vast role in
countering climate
change - they are
our ‘blue’ forests.

Achim Steiner,

UN Under-Secretary
General UNEP
Executive Director




5. ABRIEF INTRODUCTION OF SCIENTIFIC VESSEL O RV SAGAR KANYA

Rasik Ravindra and M.M. Subramaniam
National Centre for Antarctic & Ocean Research, Goa, India

Oceanographic Research vessel (ORV) Sagar Kanya, a multidisciplinary ship was built in Germany
under the joint efforts of Indian and German partners within the framework of Indo-German Economic
Cooperation. Commissioned in the year 1983, the vessel is a versatile ocean observing platform
equipped with technologically advanced scientific equipment and related facilities. The vessel has
been built in conformity with highest class requirements of “Lloyd’s Register of Shipping” and
“Indian Register of Shipping”. The vessel is fully automatic diesel-electric type equipped with fin
stabilizers improving the behaviour of the ship in rough seas. In addition to the twin-screw propulsion
two fin rudders and one bow thruster will give the vessel excellent maneuvering ability. As our
endeavor to upgrade the vessel with state of art facility the ship was recently augmented with
Dynamic Positioning (DP) System and retractable Azimuth thruster. This enables the vessel to be
stationary at a place where the observations are being taken.

The vessel is capable of carrying out Geoscientific, Meteorological, Biological, Physical, Chemical
Oceanographic and Atmospheric Research as major disciplines. It provides a stable platform that
is capable of operating under all weather conditions including the Southern latitudes. The ship is
provided with all facilities to perform its tasks with the greatest possible efficiency worldwide voyages
up to 10,000 sea miles lasting 45 days and reaching up to 55 degree South latitudes. Its normal
operation has been around the Indian sub-continent and deeper parts of the Indian Ocean region.

ORV Sagar Kanya has, through her excellent design features and wide range of onboard equipment,
contributed in major way to the advancement of oceanography in India. The vessel had been the
flagship of the country in all ocean related activities for over 25 years and has been utilized for
atmospheric and ocean research in both national and international programs. The results of the
studies have brought laurels to the nation.

The major oceanographic programs carried out onboard Sagar Kanya

Identification and quantification of non-living resources particularly polymetallic nodules —
the effort resulted in the International Sea Bed Authority (ISBA) allotting an exclusive mine
site to India, the Central Indian Ocean Basin.

Integrated geological & geophysical surveys in Exclusive Economic Zone (EEZ)
Demonstrated the pivotal importance of an ocean going vessel in fostering oceanography
in Indian Ocean region — carried out EEZ surveys for island nations like Mauritius and
Seychelles.

Offered services and training to the Caribbean in all aspects of marine sciences.
Executed a long term bilateral program of more than a decade with Germany through
sediment flux studies (Sediment trap moorings)

World Ocean Circulation Experiment (WOCE)

Joint Global Ocean Flux Study (JGOFS)

Indian Ocean Experiment (INDOEX)

Bay of Bengal Fan Studies (BENFAN)

Bay of Bengal Monsoon Experiment (BOBMEX)

Satellite Validation (IRS-P3 & P4)

Southern Ocean: Vessel made her first expedition to sub-polar regions up to S.56° under
NCAOR leadership and collected multi-disciplinary data. Sediment sampling, plankton
sampling (Palaeoclimate studies), other oceanographic data (temperature, salinity, current
and surface met), underway bathymetric, gravity and sub-bottom profiling were carried
out.
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Techno

A cruise was organized on war-footing as consequence of 26" December 2004 event off
Sumatra to study the after effects of tsunami that devastated the Andaman & Nicobar
Islands, eastern coasts of India and Sri Lanka.

Tsunami Buoys / Data Buoys deployments carried out in Bay of Bengal / Arabian Sea
and the Early Tsunami Warning System was devoted to nation by Former Honourable
Union Minister Shri. Kapil Sibal.

logy Demonstrations

Deep Sea Mining Demonstration: The Crawler was tested successfully at 451m water
depth off Malwan Coast in Arabian Sea.

ROSUB and HANS trials successfully carried out by NIOT.

Hopper for laying Artificial Nodules in seabed were successfully carried out by NIOT.
In-situ Deep Sea Soil Tester trials at 5200m in CIO Basin.

Survey & Recovery of GSLV parts (NCAOR): The vessel was mobilized in very short
time for the survey and recovery and successfully recovered vital parts for the failure
analysis by ISRO.

River Channel Studies: Carried out multidisciplinary data collection along the
underwater river channels in Bay of Bengal.

Under BOBPS programme of MoES, observations made for studying spatial and temporal
variations in physical, chemical and biological properties and effect of various forcing in
contributing to this variability in Bay of Bengal.

INRIDGE Programme: Multidisciplinary data/samples were collected for plume identification
in Central Indian Ridge and Carlsberg Ridge.

ARMEX: Monsoon studies in Arabian Sea carried out successfully.

Integrated Campaign for Aerosol, Gases & Radiation Budget (ICARB) under ISRO-GBP
for observations over Bay of Bengal and Arabian Sea.

Bulk Sediment Sampling: The vessel was used to collect record no. of core samples
(500+ in nos) in just about 25 days time-span off Gujarat under MoU between NCAOR
and ONGC.

CHATNI: Multidisciplinary cruise under CHATNI programme is successfully carried out.
Ocean observations in Equatorial Indian Ocean and other parts under OOS programme.
Deployment of ARGO floats.

Indo-US-Oman joint oceanographic studies in Arabian Sea and off Oman for studying
physical, chemical, biological and geological processes.

Vessel parameters

Length over all 100.34 metres
Breadth over all 16.39 metres
Depth to main deck 9.80 metres
Draught 5.60 metres
Speed 14.25 knots

Engine Electric propulsion (2x1230 KW)
Endurance: 45 days/10,000 nautical miles

Scientific Equipment onboard

Single-beam Shallow and Deepsea Echosounders
Multibeam Swath Bathymetric System
Magnetometer

Sub-bottom Profiler

Side Scan Sonar

62



Sea-bed Sampling including dredging rocks and seamounts, Coring for sediments and
Grab Sampling

Sub-sampling devices, rock mill, rock cutter, sample preservation in cold storage room,
sediment sieving appliances etc.

Acoustic Doppler Current Profiling System

Continuous temperature and salinity measurement of sea water (Thermosalinography)
Profiling of Sea-water Conductivity, Temperature, Depth (CTD) and online recording
Wave measurements/recording instrument

Sea Surface temperature measuring instrument

Surface meteorology measurements by Automatic Weather Station.

Bucket Thermometers

Upper air atmospheric (pressure, temperature, humidity) by Radiosondes

Dissolved Oxygen, Nutrients and Chlorophyll measurements in seawater.

UV Chamber, Hot Air Ovens, Freezers, Autoclave, Clean work Bench etc.

Multiple Plankton Nets for biological sampling

Scores of water & biological samplers and nets

Deepsea Mooring devices, acoustic releases and deck unit

Weather facsimile Receiver.

GPS and DGPS positioning.

Dynamic Positioning

HiPAP Acoustic Positioning

Spacious deck for sampling operations with adequate deck gear like winches, cranes,
gantries and well-equipped workshop

CCTV system

Local Area Network (LAN) facility

Computers, Laser & Inkjet printers, Plotters and photocopier

Voice, Fax, Telex, e-mail facilities through Terrestrial (RT) and Satellite systems.
Accommodation for 31 scientists and 60 officers & crew including a medical officer
(doctor), the laboratories and all living spaces centrally air-conditioned.

Sagar Kanya has been the first deep—sea multidisciplinary oceanographic research vessel of the
country owned by Government of India, Ministry of Earth Sciences. Over fifty national laboratories,
academic & research institutes, universities involved in ocean and allied science have benefited
from this crucial national facility. The vessel is managed by the National Centre for Antarctic &
Ocean Research (a constituent of Ministry of Earth Sciences), Goa. The operation and maintenance
of the vessel is carried out by M/s Shipping Corporation of Indian Ltd. and the scientific equipment
are maintained and operated by M/s. Norinco Pvt Ltd.

Sagar Kanya has completed 262 major cruises so far while advancing our understanding of the
seas around us. The results had been documented / published in national and international journals
of repute.

ORV SAGAR KANYA Remotely Operable Submersible Testing
from the vessel
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ADCP Mooring in Arabian Sea INCOIS buoy deployment during SK-251
in Bay of Bengal

ICARB-Winter Campaign in SK-254: Kytoon tethering for atmo-
spheric studies
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6. ORV SAGAR KANYA AND GEOLOGICAL OCEANOGRAPHY — CAPABILITIES AND
ACHIEVEMENTS

M.M. Subramaniam
National Centre for Antarctic & Ocean Research, Goa, India

Introduction

Since her inception in 1983, ORV Sagar Kanya had contributed immensely to the Geological
Oceanographic research in India. There were several national-thrust programmes as well as
international collaborative programmes successfully carried out with ORV Sagar Kanya playing
key role as the ocean-going platform. Numerous leading researchers from National Institute of
Oceanography, Geological Survey of India, National Centre for Antarctic & Ocean Research along
with several other institutes and Universities explored the shallow and deep seabeds of seas
surrounding India and elsewhere and came out with spectacular findings.

Onboard infrastructure for Geological Oceanography

ORV Sagar Kanya is provided with superlative infrastructure for carrying out geological sampling,
sub-sampling and further onboard analyses. The working deck of 500 m? main deck with various
geological sampling machineries like Deep Sea Winch with the 22 tonnes safe working load and
the capacity to have 10000 metres 18mm wire rope, an A-frame at the aft-end with the a ramp,
Jibboom on the starboard side, three cranes, a gallow winch on jibboom and CCTV system plays
significant role in safe and able Geological sampling at sea. Two ample cargo-holds accommodate
portable winches and heavy geological sampling devices.

Two wet labs, open to the main deck, are well-designed with ovens, freezers, sub-sampling station,
rock saw, rock mill, sieves set with sieve shaker and agate mortars. Both freshwater and seawater
supply is provided to these labs. There is a Core Store on the second deck where cores and
seabed samples are stored in suitable lockers at a constant temperature of 4°C and high humidity.
This core store is directly connected by a lift from the main deck with which the samples could be
shifted to core store with ease in minimum time.

Seabed sampling devices and others

The vessel is adequately augmented with seabed sampling gadgets like Hydraulic Piston Corer of
18m capability, Gravity Corers of 6m capability, Spade Corers, Grabs, Pipe and Chain Bag Dredges.
The Dynamic Position System onboard Sagar Kanya ensures the precise position-keeping during
the sampling operations. Geophysical instruments like Magnetometer, Sub-bottom profiler, Side
Scan Sonar, Single-beam and Multibeam echosounders onboard are very critical for the Geologists
for more meaningful interpretations. The existing Gravimeter and Seismic System are being
upgraded.

Accomplishments

Several important national programmes were taken up onboard Sagar Kanya pertaining to Marine
Geology and allied disciplines during the last 25 years of service of the vessel. Few major
programmes are listed below:

* Poly-Metallic Nodules (PMN): Polymetallic nodules on the ocean floor are considered to
be treasure-house of much needed metals. The potato-shaped, largely porous nodules,
are found in abundance carpeting the sea floor of world Oceans. These nodules are of
much economic importance because, besides manganese and iron, they contain nickel,
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copper, cobalt, lead, molybdenum, cadmium, vanadium and titanium of which cobalt, copper
and manganese are considered to be of strategic importance. Survey confirmed that about
15 million sqg. km. of the Indian Ocean have nodules of different size and quality. The
nodules are found mostly at depths ranging from 3500m to 6000m. After a very intensive
survey, India identified sites in the central Indian Ocean having nodules deposits. Pursuant
to vigorous sailing and bathymetric survey, International Seabed Authority allocated to
India an area of 1,50,000 square kilometer in the Central Indian Basin in 1987 and India
became the first Pioneer investor for exploration of nodules from seabed. Intensive survey
conducted to ascertain the extent of resources in the pioneer area using Sagar Kanya
which has been equipped with multi-beam swath bathymetric system to generate high
precision bathymetric maps on seabed topography. Besides, the cruises also generated
baseline oceanographic data on physical, chemical, biological and environmental
parameters. The baseline data is being used for comprehensive data is being used for
comprehensive geostatistical evaluation of the resources of polymetallic nodules and their
distribution in the pioneer area.

Integrated geological & geophysical surveys in Exclusive Economic Zone (EEZ) of India.
Besides, EEZ surveys for island nations like Mauritius and Seychelles were also carried
out.

Palaeo-oceanographic Studies in the Bay of Bengal Fan (BENFAN): The main objective
of the program is to reconstruct the paleo-oceanography / paleo climate using the sediment
cores in the Bay of Bengal. Bathymetric data collected in parts of Bay of Bengal in the
Exclusive Economic Zone were analysed to identify areas of long core collection. Gravity
core samples were also collected and taken up for analysis at the participating labs/
organizations.

Southern Ocean: Vessel made her first expedition to sub-polar regions up to S.56° and
collected multi-disciplinary data including sediment sampling and geophysical data.

A cruise was organized on war-footing as consequence of 26" December 2004 event off
Sumatra to study the after effects of tsunami that devastated the Andaman & Nicobar
Islands, eastern and western coasts of India and Sri Lanka.

INRIDGE Programme: Multidisciplinary data/samples were collected for plume identification
in Central Indian Ridge and Carlsberg Ridge.

Bulk Sediment Sampling: The vessel was used to collect record no. of core samples
(500+ in nos) in just about 25 days time-span off Gujarat under MoU between NCAOR
and ONGC.

Indo-US-Oman joint oceanographic studies in Arabian Sea and off Oman for studying
physical, chemical, biological and geological processes.
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7. MULTIBEAM SWATH BATHYMETRIC SYSTEMS ONBOARD ORV SAGAR KANYA

Abhishek Tyagi
National Centre for Antarctic & Ocean Research, Goa, India.

The multi-beam systems onboard the vessel has served the requirements of many major scientific
programmes.

Some of the progammes are specified below:

Identification and quantification of non-living resources particularly polymetallic nodules —
the effort resulted in the International Sea Bed Authority (ISBA) allotting an exclusive mine
site to India in the Central Indian Ocean Basin.

Seabed Mapping of the Exclusive Economic Zone of India.

Integrated geological & geophysical surveys in the Exclusive Economic of India

Indian Continental Shelf Programme.

Swath mapping in Indian Ocean region — carried out EEZ surveys for island nations like
Mauritius and Seychelles.

Post-tsunami studies in the Andamans subduction zone.

Seabed surveys for site selection for Deployment of Tsunami buoys.

GSLV Salvage programme (The recovery of GSLV Subsystems from sea is second in
Space History, after recovery of Ariane by Europeans Space Agency in 1996).

ATLAS HYDROSWEEP DS System:

The ATLAS HYDROSWEEP Equipment belongs to the family of multi-beam bathymetric sweeping
survey systems with a broad coverage of 90° perpendicular to the ship’s longitudinal axis and is
based on a sonar frequency of 15.5 kHz. In a single sweep, it covers 59 depth values and the
coverage width is about double the vertical water depth, in case of flat sea-bottom. Beside swath
bathymetric depth information, backscatter data for seabed classification and side scan data also
can be acquired. The Hydrosweeo system was installed onboard ORV-Sagar Kanya in 1990 and
was decommissioned in 2005.

The specifications and features of the system were as follows:

Make ATLAS Hydrographic GmbH
No. of beams 59

Swath coverage 2 x Water Column

Frequency of operation 15.5 kHz

Technology Cross Fan Calibration

Depth performance Max. 11,000 m.

Acquisition software ATLAS Hydromap Control

Data Processing software Interface for third party software

One special feature of the ATLAS HYDROSWEEP Equipment is that the sound velocity
measurements of the water column can be carried out using a special calibration technique called
“Calibration Mode”. In this mode, the 59 depth values are measured parallel to the ship’s longitudinal
axis and the transmitting and receiving functions of the system are swapped between the two
hydroacoustic transducer arrays.
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SEABEAM-3012 System:

SeaBeam 3012 Multibeam Echosounder, which is presently onboard ORV-Sagar Kanya was
installed in 2005 and is being used to carry out extensive swath bathymetric surveys.

The specifications and features of the system were as follows:

Make L3-Communications Elac-Nautik

No. of beams 201

Swath coverage 5 x Water Column

Frequency of operation 12 KHz

Technology Full motion compensation (Sweptbeam technology)
Depth performance Max. 11,000 m.

Acquisition software Hydrostar

Data Processing software Eiva NaviPac

The system is fully realtime-compensated for roll, pitch and yaw to guarantee complete coverage
even during bad conditions. The implemented swept beam technology is superior to any other
realtime motion compensation technology available in the market to date.

The SB3012is a 12 kHz, 201 beam sonar system, with an effective 150° of swath. The system has
a beam width of 1 degree at nadir and is capable of depths 200 meters to 11000 meters. The
Windows NT-based SeaBeam 3012 offers a depth performance of 11000 meters with still 110°
coverage resulting in seafloor coverage of 31 km. The SeaBeam Water Column Imaging (WClI)
option logs water column data and displays real time images from the water column, both below
and to the sides of the vessel.
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8. GEOPHYSICAL INVESTIGATIONS ONBOARD SAGAR KANYA

John Kurian P
National Centre for Antarctic & Ocean Research, Goa, India

ORV Sagar Kanya, flagship vessel of the Ministry of Earth Sciences, Govt. of India has been very
well utilized as a platform for collection of significant geophysical data from the offshore realms of
India. Having equipped with different systems for acquisition of geophysical data including seismic,
gravity, magnetic, bathymetry etc., ORV Sagar Kanya has served the Indian scientific community
in acquisition of key geophysical information, thus enabling them in resolving many important
geological and tectonic problems.

Understanding the geological and tectonic aspects of different structural elements in the Northern
Indian Ocean is vital in understanding the overall evolutionary history of the Indian Ocean. Magnetic
and gravity data offer important constraints in these perspectives and is considered as an important
tool for understanding the crustal configuration, nature of the crust, paleo-geographic reconstruction,
depth and extent of different geo-tectonic features etc. ORV Sagar Kanya, being equipped for the
acquisition of magnetic and gravity data, is extensively used for gathering key geophysical
information thus facilitating the Indian scientists in addressing geological and tectonic history of
the Northern Indian Ocean in a better way. The areas covered by the vessel for geophysical
acquisition include Western and Eastern Continental margins of India, Andaman fore arc and back
arc basins, 85°E Ridge, Ninetyeast Ridge, Laxmi Ridge, Laccadive Ridge, Prathap Ridge, Carlsberg
Ridge, Central Indian Ridge etc. and the different offshore basins surrounding the Indian continental
margin. Some of the significant geophysical contributions include the identification of Mesozoic
anomalies in the Bay of Bengal, records of magnetic quiet zone in the distal Bengal Fan, identification
of seafloor spreading anomalies in the Laxmi Basin, Geophysical picture of the Laccadive Ridge
and South-western continental margin of India apart from many other path-breaking geophysical
findings.

The shallow seismic equipment of Sub-bottom profiler onboard Sagar Kanya offer 2D images of
the shallow layers and enables to identify and characterize layers of sediment or rock under the
seafloor. Thisinformation, coupled with bathymetric data from single and multi-beam echo-sounders,
is vital in selection of proper sites for retrieval of sediment cores, being taken for sedimentological
and paleo-climatic investigations. It also caters to the requirements of morphological studies,
geotechnical studies, pipe-line laying etc. Sagar Kanya is also equipped with Side Scan Sonar,
which can be used to image the ocean floor using the high-frequency sound pulses. The side
scans sonar images are best suitable for identification of Shipwrecks, downed aircraft, lost anchors,
dredges or other equipment lost at seafloor.
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9. THE ROLE OF ORV SAGAR KANYA IN CHEMICAL OCEANOGRAPHIC MEASUREMENTS

Sharon Noronha and Zeena Jayan
National Centre for Antarctic & Ocean Research, Goa, India

Since its commissioning in 1983, Ocean Research Vessel (ORV) Sagar Kanya, a multidisciplinary
deep sea research vessel has been serving our nation by being the platform for crucial scientific
research in the high seas. Global and regional issues relating to phenomena such as global warming,
CO2 and N2 fluxes, etc have been investigated after conducting major programmes such as JGOFS,
BOBPS, INDOEX, LOICZ, and PESO, to name a few.

Apart from the above mentioned programmes, regular seasonal cruises are held to study the
Biogeochemistry and Hydrodynamics of the Tropical Indian Ocean (an ongoing project by NCAOR).
Field studies and measurements of much needed chemical parameters such Dissolved Oxygen
(DO), CO2, Nitrous oxide, pH, nutrients and trace elements are carried out onboard. Some of the
equipment available onboard such as Auto analyzer for nutrient estimation, pH meter and Dosimat
for D.O. analysis facilitate these studies. Some of the chemical parameters measured in the JGOFS
(Joint Global Ocean Flux Study) cruise were, D.O., nutrients, total CO2, ammonia, methane and
carbon dioxide of surface air samples and nitrous oxide measurements of the water column. One
of the major achievements of this study was that the central and eastern Arabian Sea could be a
source for atmospheric carbon dioxide. A sequel to JGOFS was BOBPS. The Bay of Bengal Process
Studies aimed to study the seasonal and inter annual variability in the overall CO2 air-sea exchange
balance in the Bay of Bengal and also the role of remote forcing in the spatio-temporal variability of
the water column in terms of nutrients and productivity. They found that contrary to conventional
belief that, the Bay of Bengal maybe a sink for atmospheric carbon dioxide, the pCO2 and TCO2
measurements indicated that except in the northern Bay during summer and fall intermonsoon,
the Bay of Bengal is a minor source of CO2 to the atmosphere. The INDOEX (Indian Ocean
Experiment) aimed to study the aerosol and atmospheric chemistry characterization of aerosol
pertinent to mineral, sea spray and sulfate (non sea salt and anthropogenic components). The
Land Ocean Interaction in the Coastal Zone studied the sinking particulate matter and its dispersion
in the coastal zone.

Physical, chemical, biological and atmospheric observations were carried out in the Pilot Expedition
to Southern Ocean in 2004 onboard ORV Sagar Kanya.

Other scientific activities such as, amino acid dating bio marks of sediments in the Bay of Bengal,

bio-geo-chemical cycling of elements and investigation of fluxes and processes and studies on
methane rich gas charged sediments were also carried out onboard ORV Sagar Kanya.
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10. ORV SAGAR KANYA — BIOLOGICAL RESEARCH ACTIVITIES

Ganesh M Chandwale
National Centre for Antarctic & Ocean Research, Goa, India.

ORV Sagar Kanya is equipped with sampling gear, equipments, laboratories etc. designed
exclusively for preliminary marine biological/microbiological sampling and data collection. Sea-
water samples as well as flora and fauna can be collected from desirable depths by use of variety
of equipments, for example — 1. Remotely operated multiple plankton net [MPN] sampler — this
devise can be fitted with five nets, of required mesh size at a time and lowered to sea in a closed
state. The nets can be sequentially opened and closed again by a remote control for collection of
biological samples at desired water columns. The samples collected in the nets are gathered in a
bucket fitted at the tail-end of the net 2. Rosette water sampler —this device can be fitted with CTD
system [Conductivity Temperature Depth]. Water sampling bottles of various capacity such as 1.7
Itrs., 5 Itrs., 10 Itrs and 30 ltrs etc shall be attached with the system. The sampler can be lowered
along with CTD in to water for sample collection. Each bottle on the sampler can be closed remotely
at a desired depth. Various sensors for measuring dissolved oxygen, chlorophyll turbidity etc. can
be fitted with the CTD system since these information are also useful for biological research and
analysis work.

All of the above sampling and data is used for hoards of marine biological research fields like
productivity analysis, density analysis and isolation of biological/microbiological specimens/samples
etc. Further above information are vital for studies under various programmes / projects such as
bio-prospecting and biotechnology of marine microorganisms, habitat ecology, controlled
reproduction and conservation of marine organisms with food and medicinal value analyses and
evaluation, mechanism and control of biofouling, phytoplankton and zooplankton variability under
various environmental conditions, extent of concentration and effect of marine pollutants on marine
life and productivity etc.

Data and samples collected are stored / preserved in an appropriate media and

subsequently transported to laboratories on land at the end of each scientific expedition onboard
Sagar Kanya for further processing and analysis.
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11. O.R.V. SAGAR KANYA AND INVESTIGATION ON PHYSICAL PROCESSES OF INDIAN
OCEAN

Jenson V. George, Nuncio Murukesh, N. Anilkumar
National Centre for Antarctic & Ocean Research, Goa, India

Seas around us plays major role in shaping its weather, climate and food security of the subcontinent.
Studies carried onboard O.R.V. Sagar Kanya has been intended mainly to address these broad
issues. A sizeable amount of time was spent in the North Indian Ocean mainly to address the
evolution of circulation in association with the seasonally reversing monsoon winds. Numerous In-
situ hydrographic as well as atmospheric datasets have been collected by using various instruments
like Conductivity, Temperature Depth [CTD], Expendable Bathythermograph [XBT] and Automatic
Weather Station [AWS] along with the vessel mounted Acoustic Doppler Current Profiler [ADCP] in
a number of programs. The most important being the participation in WOCE-IGOOS hydrographic
cruises.

Ocean-Atmosphere CO, fluxes received great attention during early 1990’s. Major programs like
Arabian Sea JGOFS and its sequel BOBPS in the Bay of Bengal addressed the issue of ocean-
atmosphere CO, exchange. This resulted in new insight not only in terms of CO, fluxes alone but
improved understanding of response of ocean to atmospheric forcing, bio-physical coupling and
microbial loop.

Monsoon plays a key role in shaping the life of the subcontinent and O.R.V. Sagar Kanya continue
to be a reliable platform to study monsoon. Programs like INDOEX, ARMEX and BOBMEX aimed
at this resulted in new insight on air-sea interaction and monsoon physics. The phenomena like
Arabian Sea warm pool, Lakshadweep heigh and low are explored in this connection and are
studied using the hydrographic data collected during Sagar Kanya cruises. All these studies
underlined that ocean play an active role in regulating monsoons. A number of cruises have been
conducted to collect the sea truth data for validation of Indian satellites, studying harmful algal
blooms and for obtaining CTD and XBT profiles to understand the hydrodynamics. Apart from this
a number of drifting buoys and ARGO floats were deployed from Sagar Kanya as a part of
international understanding. These floats gives information on a wide range of parameters viz,
atmospheric pressure/temperature, sea surface temperature, Ocean surface winds, temperature
salinity profiles with respect to depth. Besides, locating their positions gives a Lagrangian view of
the Ocean circulation.
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12. SCIENTOLOGY AND THE SEA

Dr. K.K. Gupta,
Medical Officer, ORV Sagar Kanya

I am fortunate to be associated with Scientology since the last 10 years. During this time, | became
aware of Scientology’s deep connection with sea-fearing and this inspired me to pursue a career
in Merchant Navy as medical-officer. Scientology religion was founded by American philosopher
L.Ron Hubbard in 1954. According to Wikipedia, this is the only major religion to appear in the 20®"
Century.

L.Ron Hubbard was a naval officer in U.S. Navy and became USA's first casualty in Atlantic during
World War 2. After the war, while recovering from severe injuries that left him crippled and partially
blinded, he had remarkable insights that led him to write the book “Dianetics: The Modern Science
of Mental Health” in 1949. This is the only book to have become a New York best-seller in two
different decades- 1950s and 1980s.

As he further pursued his research, he eventually founded the Scientology religion in 1954. He
said,” For 2000 years, humanities have lagged behind while science has made progress. We have
restored to humanities the exactitude of science.”

In 1966 as the research continued, he took his entire work aboard a ship called Apollo. There he
worked till his death in 1986.

He felt that sea provides a distraction-free environment which is conducive to high-level research
that he was doing. In Scientology parlance, it can be said that sea is free from MEST Universe
dramatizations. MEST is derived from first letters of matter, energy, space and time. Being on land,
one is constantly bombarded with noise and vibrations. Any person on land who is thinking is
emitting certain vibrations. Due to over-crowding and consequent vibration-overload on land, there
is a constant “noise”. The sea is relatively free from this kind of “noise”.

In tribute to L. Ron Hubbard’s high regard for sea, the elite Scientology organization entrusted with
high-end technology is called the Sea Organization. The highest level training and auditing in
Scientology is still delivered aboard a ship called Freewinds, which has its mother-port in Curacao
in Netherland Antilles in West Indies. The highest land-based Scientology organization is Flag
Land Base situated in Clearwater, Florida, USA. This is after the fact that during L.Ron Hubbard’s
time, there were several Scientology ships and the ship on which he happened to be present was
called the Flag-ship—and he was addressed as Commodore as the person in-charge of a flotilla of
ships.

L.Ron Hubbard’s writings and lectures are inter-spersed with references to sea-fearing. In one of
the writings, for example, he says the following while explaining how a different attitude is required
on sea compared to land:

“It requires, in actual fact, a considerable thought to go to the sea. It requires a “What is the
consequence of....” A crew member walks by a bilge and notices a rag and says, “Well, ha,
shouldn’t be.” A crew that picks up the rag and a crew that walks by- is the difference
between seamen and landlubbers.”

Today, the total research and discovery carried out by him runs into more than 100 thick volumes.
He felt that without the sea, it would not have been possible. As he once said, “I have seen life
upside down and | have seen it downside up and | know how it looks both ways and | can tell you
that there is hope.”
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13. OCEAN RESEARCH VESSEL SAGAR KANYA” —
AN INTRODUCTION AND OVERVIEW OF TECHNICAL MANAGEMENT

Capt. Praveen Kumar, Vice President (L&PS)
M/s Shipping Corporation of India Ltd., Mumbai, India.

Sagar Kanya is an ocean going dedicated scientific research vessel was built in March, 1983 at
Schlichting- WERFT GMBH LUBECK TRAVENMUNDE (GERMANY). The vessel has overall length
is 100.34m and breadth of 16.39m and capable of accommodating thirty one scientists. The vessel
displaces 4855.3 MT on a summer draft of 5.6m.

Sagar Kanya is equipped with Diesel Electric Propulsion with twin screw/rudder designed to provde
a speed of 14.25m knots with a power output of 1230 KW x 2 = 2460KW and bow thruster 1200
KWEL.M and engine output being 2 X 1230 KW. The cruising range of the vessel is forty five days
and ten thousand nautical miles making her capable of taking the challenge of global research
work on world wide scale. Sagar Kanya is equipped by most modern reverse osmosis plant for
producing 35 MT fresh water per day against daily consumption of 22 MT of fresh water.

The technical features of Sagar Kanya are unique and typical as no other vessel in Indian Shipping
has such matching features. The vessel is classed under Indian Register of Shipping and certified
as + 100 Al + LMC “Research vessel” — IRS +SVL +IY+HY.

Sagar Kanya had undergone a major refit in 2005 involving renewal of five auxiliary engines and
fitment Dynamic Positioning system thus acquiring station keeping capability on the high seas.

Right from inception, ORV Sagar Kanya is managed by The Shipping Corporation of India Ltd.
The national Carrier, “The Shipping Corporation of India” (SCI) is the largest Shipping Company in
India with eighty two owned and fifty eight managed vessels under its flag. A team of technical
professionals with more than one hundred years professional experience is devoted for management
of Sagar Kanya on round the clock basis at Mumbai. Informatively, SCI has shore based technical
manpower of around three thousand years professional experience that is what makes for SCI's
technical core competence. SCI has a large support system on global basis comprising of more
than seven hundred agents located world wide, this frame work ensures SCI's management
presence all over the world on round the clock basis.

Additionally SCI has large technical manpower for the onboard management of fleet and around
one thousand highly qualified personnel ashore to manage the fleet and carry out commercial
operations. This unmatched management resource of SCI is unparalleled in the history of maritime
Industry of India.

Sagar Kanya has completed more than twenty five years of service, which is beyond the economic
life in the maritime parlance, may have to be replaced, so as to continue the good work of ocean
research work to meet national objectives. Despite being at the end of economic life, Sagar Kanya
continues to perform and successfully achieve the scientific cruise requirements till date. Sagar
Kanya is a valuable national utility providing service in search of excellence in scientific endevours
on high seas. It is a matter of great pride to be associated in the management of such a sophisticated
vessel.
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14. MANUAL METHODS FOR MEASURING NUTRIENTS (PO,-P, NO_-N and NO,-N)

R.S.Robin and Sivaji Patra
Integrated Coastal and Marine Area Management Project Directorate
Ministry of Earth Sciences Chennai, India

1. Sea Water Quality

Sea Water Quality is a term used to describe the physical, chemical, and biological characteristics
of water and its general composition. These attributes affect water’s ability to sustain life. Good
water quality is essential for survival of animal life, fish farming, swimming, surfing etc. Water is the
most important compound for all life processes. It forms the major constituent of the body tissues
of all living organisms, without which the biochemical activities essential for the perpetration of life
are not possible. Water is also able to dissolve and retain all the essential compounds useful for
living organisms. However, excess or depletion of any of the organic and inorganic materials found
in dissolved forms in water may affect normal life activities. Therefore, it is crucial to monitor the
quality of water in time.

1.1. Why seawater quality is so important areas of concern?

Monitoring the water quality is for economic, environmental, and social importance. Water quality
can be defined in terms of a water body’s suitability for various uses such as water supply source,
swimming and protection of aquatic life. It is affected by water abstractions, by pollution loads from
human activities and by climate and weather. The pressure from human activities becomes so
intense that water quality is impaired to the point that drinking water requires even more advanced
and costly treatment or that aquatic plant and animal species in rivers, lakes, and seas are greatly
reduced, then the sustainability of the water resource use is in question.

The marine environment is an important resource not only in terms of the biodiversity it supports
but also as a resource for eco-tourism, industry, freshwater production, and recreation. Sea-based
activities (yachting, water sports, diving, fishing, and fish farming) impact the marine environment,
although land based developments and activities, (such as ship building and repairing, sewage
disposal, desalination plants, landfills, industry, tourism infrastructure, and power stations) also
generate significant impact on the sea.

Marine resources need to be used in such ways that doesn’t impact the marine environment,
otherwise ecosystems and habitats can be lost, and marine biodiversity can be diminished. The
main cause of biodiversity loss in the marine environment is due to human activity: increased
coastal and urban development, growing demand for food resources and commercial products,
which indirectly favors for increased pollution. The quality of the marine environment has not only
for economic impact but also for social and environmental impacts as it links to the quality of
people’s lives.

Marine environmental performance indicators should therefore be designed to measure and monitor
human activities and their effects to marine environment.

1.2. Seawater Sampling

Collecting water sample is a tedious operation, which must be carried out with all possible care,
since it will determine the analytical results and their interpretation. The sampling technique will
wary with the origin of the water. There are many types of water samplers used by oceanographers
and limnologists. An account on the Niskin water sampler used in the estuaries, near shore waters
is given hereunder
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1.2.1. Niskin sampler

The Niskin sampler is a development of the Nansen bottle patented by Shale Niskin in March
1966. Instead of a metal bottle sealed at one end, the ‘bottle’ is a tube, usually plastic to minimize
contamination of the sample, and open to the water at both ends. Each end is equipped with a cap
which is either spring-loaded or tensioned by an elastic rope. The action of the messenger weight
is to trip both caps shut and seal the tube.

A reversing thermometer may also be carried on a frame fixed to the Niskin bottle. Since there is
no rotation of the bottle to fix the temperature measurement, the thermometer has a separate
spring-loaded rotating mechanism of its own tripped by the messenger weight.

A modern variation of the Niskin bottle uses actuated valves that may be either preset to trip at a
specific depth detected by a pressure switch, or remotely controlled to do so via an electrical
signal sent from the surface. This arrangement conveniently allows for a large number of Niskin
bottles to be mounted together in a circular frame termed a rosette. As many as 36 bottles may be
mounted on a single rosette.

Niskin sampler CTD/Niskin rosette cast

1.3. Sample Preservation

It should be understood that the concentration of nutrients is bound to change with time, due to
biological activity(microorganism present in the seawater). Therefore, there is no good substitute
to analyse within the minutes of sampling. Where immediate analysis is not possible, methods
recommended include freezing and poisoning with mercuric chloride, chloroform and pH control
using sulphuric acid (pH control using acid is not recommended for Nitrate sample preservation)

Method of preservation are relatively limited and intended generally to
1. Retard biological action.
2. Retard hydrolysis of chemical compounds and complexes.
3. Reduce volatility of compounds.

Preservation method is generally limited to pH control, chemical addition (mercuric chloride),
refrigeration and freezing. Among these methods refrigeration and freezing are the best preservation
method.

1.4. Spectrophotometry

Spectrophotometry is the quantitative study of electromagnetic spectra. It is more specific than
the general term electromagnetic spectroscopy in that spectrophotometry deals with visible light,
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near-ultraviolet, and near-infrared. Also, the term does not cover time-resolved spectroscopic
techniques.

Spectrophotometry involves the use of a spectrophotometer, which is a photometer (a device for
measuring light intensity) that can measure intensity as a function of the color, or more specifically,
the wavelength of light. There are many kinds of spectrophotometers. Among the most important
distinctions used to classify them are the wavelengths they work with, the measurement techniques
they use, how they acquire a spectrum, and the sources of intensity variation they are designed to
measure. Other important features of spectrophotometers include the spectral bandwidth and linear
range.

Perhaps the most common application of spectrophotometers is the measurement of light
absorption, but they can be designed to measure diffuse or specular reflectance. Strictly, even the
emission half of a luminescence instrument is a kind of spectrophotometer.

1.4.1. Design

There are two major classes of spectrophotometers; single beam and double beam. A double
beam spectrophotometer measures the ratio of the light intensity on two different light paths, and
a single beam spectrophotometer measures the absolute light intensity. Although ratio
measurements are easier, and generally more stable, single beam instruments have advantages;
for instance, they can have a larger dynamic range, and they can be more compact.

Historically, spectrophotometers use a monochromator to analyze the spectrum, but some
spectrophotometers that use arrays of photosensors especially for infrared spectrophotometers.
Other spectrophotometers use a Fourier transform technique to acquire the spectral information
more quickly in a technique called Fourier Transform Infra Red.

The spectrophotometer measures quantitatively the fraction of light that passes through a given
solution. In a spectrophotometer, a light from the lamp is guided through a monochromator, which
picks light of one particular wavelength out of the continuous spectrum. This light passes through
the sample that is being measured. After the sample, the intensity of the remaining light is measured
with a photodiode or other light sensor, and the transmittance for this wavelength is calculated.

In short, the sequence of events in a spectrophotometer is as follows:

The light source shines through the sample.

The sample absorbs light.

The detector detects how much light the sample has absorbed.

The detector then converts how much light the sample absorbed into a number.

The numbers are either plotted straight away, or are transmitted to a computer to be further
manipulated (e.g. curve smoothing, baseline correction)
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Many spectrophotometers must be calibrated by a procedure known as “zeroing.” The absorbency
of some standard substance is set as a baseline value, so the absorbencies of all other substances
are recorded relative to the initial “zeroed” substance.
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The instrument consists of a light source, a monochromator that contains a wavelength selection
device such as a prism, a sample holder, a photodetector, and a recorder or computer. The output
wavelength of the monochromator can be changed by rotation of the prism; the graph of absorbance
versus wavelength is called a spectrum.

1.4.2. Beer-Lambert Law

Beer’s law states that for a parallel beam of monochromatic radiation passing through homogeneous
solutions of equal path-length the absorbance is proportional to the concentration.

The law states that there is a logarithmic dependence between the transmission (or transmissivity)of
light through a substance and the product of the absorption coefficient of the substance and the
distance the light travels through the material (i.e. the path length). The absorption coefficient can,
in turn, be written as a product of either a molar absorptivity of the absorber and the concentration
of absorbing species in the material or an absorption cross section and the (number) density of
absorbers, .

For liquids, these relations are usually written as;

Beer-Lambert’s law
y I'l"n.e }‘

—— | = —Lvu TCA)T
) = e T

The measurement of A(A) gives an absolute measurement of the transparency of the medium
with respect to the wavelength.

PART I: NUTRIENTS IN SEAWATER

1.5. Nutrients in Seawater

1.5.1. Definition of nutrients

The term nutrient in seawater refers to silicate, phosphate, ammonium, nitrite, and nitrate.

1.5.2. Genesis of Phosphorous in seawater

The weathering of rock leads to liberation of phosphorous as soluble alkali phosphates and colloidal
calcium phosphate, the bulk of which is carried to the sea. In addition, anthropogenic inputs of
super phosphate as fertilizer and alkyl phosphate as detergents, lead to an increase in the content
of phosphorous as detergents, lead to an increase in the content of phosphorous in the sea.

There are two forms of phosphorous in the sea inorganic and organic. Inorganic P exists as PO,*
ions and as HPO,* ions. Condensed phosphate ions as P,0,* exist in estuarine and coastal
waters and play an important role in energy transformation process of the biological system. Organic
P exists as Phospholipids, Phosphonucleotides resulting from decomposition and excretion of
organism. Therefore, the determination of P in seawater involves two parts determination of inorganic
phosphate-P and total phosphorous that includes all forms of P.

1.5.3. Genesis of various forms of nitrogen in seawater
Nitrogen in the atmosphere gets converted to nitrate on lightening and is carried by rain to the sea.

Anthropogenic input of nitrate as fertilizer contributes to the presence of various forms of N in
seawater. Nitrate is reduced to nitrite and further to ammonia, under anoxic conditions. It is the
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amino acid compounds, which are the synthetic blocks of proteins and of the cells of the biota.
Thus NH,, NH,*, NO_, NO, exist in seawater.

Nitrate is considered a micronutrient, controlling primary production in the euphotic surface layers.
If there is sufficient light penetration into the seawater, the uptake by the primary producers is
much faster than processes transporting nitrate into surface layers. Nitrite is an intermediate
compound in the microbial reduction of nitrate or oxidation of ammonia. The natural levels of
nitrite in seawater are very low (0.1 mmol/L). Upwelling lead to higher values of nitrite (1-2nmol/L).
Pollution leads to very high values.

The concentration of ammonium nitrogen varies considerably. Nitrate is first reduced to ammonia
before transformation to amino acids. Ammonia is also excreted directly by animals. In oxygenated
unpolluted waters, NH3 and NH,* together rarely exceed 5 nmol/L. However, in anoxic waters, the
amount of ammonium can be as high as 100 mmol/L.

1.5.4. Determination of phosphate

The inorganic phosphate ions in seawater react with acidified molybdate reagent to yield
phosphomolybadate complex, which is reduced to molybdenum blue. The colour is measured
spectrophotometriclly at 880 nm.

The mixed reagent is the combination of ammonium molybdate in sulphuric acid containing antimony
in the bivalent state. The presence of antimony ions leads to a rapid reaction resulting in the
formation of phospho antimony molybadate complex (P: Sb as 1:1), which yields a heteropoly blue
complex on reduction. The reducing agent favored is ascorbic acid. The method is essentially
based on the Murphy and Riley procedure. It has been demonstrated that acid/molybdenum ration
is crucial, in determining the form of the reduced complex and in controlling the kinetics. To obtain
a rapid color development and to suppress the interference of silicate, the final pH should be less
than 1 and that the ratio of sulphuric acid to molybdate should be between 2 and 3, when the
concentrations are given in normality and percentage respectively.

Sensitivity: - The molar absorptivity is around 22700 at 880nm. A sample of seawater having a
phosphate concentration of 1.0 nmol/L gives an absorbance of around 0.227, using a 10cm cuvette.
Therefore, the use of smaller path lengths, for measurements of phosphate, when the normal
concentrations are 1.0nmol/L should be completely discouraged.

1.5.5. Determination of nitrite and nitrate

The method of nitrite determination depends on reaction with an aromatic amine, sulpanilamide,
which is then coupled with n (1-naphthyl )-ethylene diamine dihydrochloride, to form an azo dye.
The absorbance of the dye is measured spectrophotometrically at 540 nm. Basically this method
is the same as the one suggested by Bendschneider and Robinson 1952.

The reaction leading to the formation of the azo dye can be formulated as follows.
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Coupling with N-(1-naphthyl )-ethylenediamine
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The nitrate is reduced to nitrite before its determination. The reduction is carried out by Cd reduction
column. The conditions are so adjusted that the nitrate is quantitatively reduced to nitrite. The
standard potentials are very close in both reactions.

NO, +3H" +2e ——»HNO, + HO (E, = 0.94V)
NO3- +4H" +3g—» NO + 2H,0 (E, =0.97 V)
However, in a neutral or alkaline solution, the standard potential is
NO3 + HO + 26 —NO, + 20H (E,=0.015V)
Under these conditions, there is a possibility that cadmium ions formed during reduction is
precipitated as the hydroxide and thus reducing the efficiency of the reduction column. Therefore,
the solution should be buffered to prevent this efficiency loss. Seawater, of course has a limited
buffering capacity, but this is not sufficient. Therefore ammonium chloride is added as a buffer and
as a complexing agent for Cd?*ions.

2NH,” —» 2NH* + 2H"

Cd™ + 2NH, ———— » [Cd (NH,)2]*
Thus the two H* formed neutralize the two OH- irons formed, as in equation above. The Cd**
combines with ammonia to form the complex.

The efficiency of the reduction of nitrite should be maintained close to 100% by frequent
standardization.

Sensitivity:- The molar absorptyvity of the azo dye formed from nitrite is 46,000 at 540nm.There

for a sample of sea water having a nitrite nitrate concentration of 1.0 nmol/L at (NO,NO,)N per liter

should have an absorbance of 0.230, using a 5¢cm path length cell. For nitrite, which is normally

present at sub microgram mol per litre, thus use of a 50mm path length is a must.

PART II: METHOD FOR THE DETERMINATION OF NUTRIENTS IN SEAWATER

2. INORGANIC REACTIVE PHOSPHATE (PO, - P)

2.1. Aim

To determine dissolved inorganic reactive Phosphate — Phosphorus in seawater.

2.1.1. Outline of the method

Phosphate in seawater is allowed to react with acid Ammonium molybdate, forming a

Phosphomolybdate complex, which is reduced by Ascorbic acid, in presence of Antimomyl ions (to

accelerate the reaction) to a blue coloured complex containing 1 : 1 atomic ratio of phosphate and

antimony! ions.The extinction of the blue colour is measured at 882 nm using 5 cm cell. To avoid

interference by silicate the pH is kept below 1.

2.2. Reagents

1. Sulphuric acid (9.0 N): Add carefully 250 ml conc. H,SO, to a 1 | volumetric flask
containing 750 ml Milli Q (MQ) water and dilute to 1000 ml.
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2. Ammonium molybdate solution: Dissolve 12.5 g Ammonium molybdate tetrahydrate
(AR) in 125 ml MQ water. Store in a plastic or glass bottle.

3. Potassium antimonyl tatrate solution: Dissolve 0.5 g Potassium antimonyl tartrate
(AR) in 20 ml MQ water. Store in a glass bottle.
4. Mixed reagent: Add slowly while stirring 125 ml Molybdate solution to 350 ml 9.0 N

Sulphuric acid. Then add 20 ml Tartrate solution, mix by shaking. Reagent is stable for
many months. Store in an amber glass bottle.

5. Ascorbic acid solution: Dissolve 10 g Ascorbic acid in 50 ml MQ water and add 50 ml
9.0 N Sulphuric acid. The reagent remains stable for at least a week and can be used as
long as it remains colourless. Store in an amber coloured glass bottle, in a refrigerator.

6. Phosphate standard solution: Weigh accurately 0.1361 g of Potassium dihydrogen
phosphate (AR) and dissolve in 100 ml MQ water containing 1 ml of 9.0 N sulphuric acid
(prior to weighing, dry potassium dihydrogen phosphate in an oven at 110° C and cool in
a desiccator). This solution contains 10 mmol/L PO, — P or 10,000 nmol /L PO,* - P.

2.3. Apparatus

1. Spectrophotometer : With 5 cm path — length cell

2. Stoppered glass test tubes : With marking at 25 ml volume
3. Volumetric flasks : 100 ml

4. Measuring pipettes : 1ml, 2ml and 3ml

2.4. Procedure

1. Working Phosphate solution: Transfer 1 ml Phosphate standard solution to a 100 ml volumetric
flask and dilute to the mark with MQ water. This solution contains 100 nmol PO, — P/L. Prepare
the following standards of 0.5, 1.0, 2.0, 5.0, 10.0 nmol PO, — P/L concentrations from the stock
solutions.

2. Calibration and blank: Measure out 25 ml of MQ water for blank determination. Measure out
25 ml working phosphate solutions in clean-stoppered glass test tubes. Add 0.5 ml of Ascorbic
reagent to each tube and mix well. Then add 0.5 ml of Mixed reagent, mix and wait for 10 min to
allow the development of blue complex. Measure the absorbance of blank A (b) and standard A (st)
in a Spectrophotometer using 5 cm cells at 880 nm using MQ water as reference.

3. Sample analysis: Measure out 25 ml of the sample in a glass tube and add the reagents in the
same order as described above. Measure the absorbance A (s) of the sample in 5 cm cuvette at
880 nm.

2.5. Calculations

Calculate the factor F from the relation,
Conc. of standard solution

F =
A (st) — A (b)
Mean absorbance of standards
Mean absorbance of blanks

Where A (st)
A (b)

Calculate the amount of Phosphate — Phosphorus present in the sample from the relation
PO, *P=F x A(s) — A(b)

Where A (s) = Mean absorbance of sample
A (b) = Mean absorbance of blanks.
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2.6. Results
Report the results up to two places of decimal and presented in umol |1,
3. Nitrite — Nitrogen (NO, — N)

3.1. Aim
To determine Nitrite — Nitrogen in seawater.

3.1.2. Outline of the method

The Nitrite in seawater is diazotised with Sulphanilamide at pH 1.5 to 2.0 and then resulting diazo
compound is coupled with N — (1— naphthyl) — Ethylene diamine to form a highly coloured azodye
with absorption maxima at 540 nm.

3.2. Reagents

1. Sulphanilamide: Dissolve 2.5 g Sulphanilamide in 25 ml conc. HCI (AR) and make up to
250 ml with MQ water. Store in an amber coloured bottle.

2. N —(1-naphthyl) — Ethylene diamine dihydrochloride (NEDA): Dissolve 0.25 g of Amine
in 250 ml MQ water. Store in an amber coloured glass bottle.

3. Nitrite stock solution: Anhydrous Sodium nitrite (NaNO,) is dried at 110° C for some

hours. Dissolve 0.069g of the dry salt in water and dilute to 100 ml. This solution contains
10 mmol/L NO, — N or 10,000 mmol /L NO, — N.

3.3 Apparatus

Stoppered glass test tubes : With marking at 25 ml
Spectrophotometer

Volumetric flasks : 100 ml,

Measuring pipettes: 1ml,2ml and 3ml

PP

3.4. Procedure

1. Working Nitrite solution: 1 ml of stock solution is diluted to 100 ml. This solution contains 100
mmol NO, — N/L. Prepare the standards of 0.5, 1, 2, 3 and 4 mmol/L.

2. Calibration and blank: Measure 25 ml of the above diluted standard solution into clean test
tubes and 25 ml of MQ water in another tube for blank. Add 0.5 ml of Sulphanilamide and mix well.
After 1 min reaction time, add 0.5 ml of NEDA solution. Mix the sample once again and allow the
reaction to proceed for 15 min. Measure the absorbance of blank A (b) and standards A (st) in 5 cm
cuvette against MQ water as reference at 540 nm.

3. Sample Analysis: Measure 25 ml of the sample in duplicate and add the reagents as described
above and measure the absorbance A (s).

3.5. Calculations
Calculate the factor (F) from the relation

Conc. of standard solution

A(st) — A (b)

82



Mean absorbance of the standards
Mean absorbance of the blank

Where A (st)
A (b)

Calculate the concentration of the Nitrite from the relation
NO,-Numol I* = F x A(s) — A(b)

Where A(S)
A (b)

Mean absorbance of the sample
Means absorbance of blanks

3.6. Results
Report the results up to two places of the decimal.

4. Nitrate — Nitrogen (NO, - N)
4.1. Aim

To determine Nitrate — Nitrite in the seawater.

4.2. Outline of the method

Nitrate in seawater is quantitatively reduced to nitrite by heterogeneous reduction involving Copper
— cadmium granules. Nitrite thus produced is determined by diazotising with Sulphanilamide and
coupling with N — (1- naphthyl) — Ethylene diamine through the column without change. Hence
correction should be made for Nitrite present in the sample.

4.3. Rreagents

Ammonium chloride buffer: Dissolve 10.0 g of ammonium chloride (AR) in 21000 ml MQ
water. Store in a polyethylene bottle and the pH adjusted to 8.5 with ammonia.
Sulfanilamide solution (1%): dissolve 1 g sulfanilamide in 10 ml conc. hydrochloric acid
and make up to 100 ml with MQ water. Store in an amber coloured glass bottle.
N-(1-naphthyl) — ethylene diamine dihydrochloride (1%): Dissolve 0.1 g in 100 ml MQ
water and store in an amber coloured glass bottle.

Cadmium metal filings: 0.3 to 1.6mm (E Merck-Product No. 1.02001.0250)

Copper sulfate solution CuSO,.5H,0 (1%): Dissolve 2.5g of CuSO4.5H,0 in 250ml of
MQ water.

Nitrate standard solution: Dissolve 0.1011 g dry potassium nitrate (previously dried at
105°C to constant weight) in 100 ml distilled water. The stock solution contains 10mM or
10,000 mmol/L NO_-N.

From 10,000 mmol /L, 1ml in 100ml gives 100mmol /L.
From 100 mmol /L, 5ml in 200ml gives 5mmol /L.
From 100 mmol /L, 10ml in 100ml gives 10nmmol /L.
From 100 mmol /L, 15ml in 100ml gives 15mmol /L.

Nitrate Activator Solution: Transfer 20ml of 100umol/Lto a 100ml of volumetric flask and
make up to the mark. This solution contains 20 pmol/L

4.4. Preparation of Reduction column : The size of the Cd granules should be between 0.5 to
1.0 mm. E Merck grad Cd granules can be used for packing the column. Remove any iron particles
from the filings with the help of magnet. Wash the filings with Acetone to remove oil and grease.
Next wash them with HCI (2 N) and then with copious amounts of MQ water.
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Place Cadmium filings (70 — 80 g) in a stoppered glass bottle (125 ml) and fill the bottle either with
2% Copper sulphate. Stopper the bottle taking care to see that no air bubbles are trapped in the
bottle. Shake the bottle for 10 min and keep 15 min. Open the bottle and drain out the copper
sulphate solution. Wash thoroughly with distilled water until the water drain out the is clear. Take
care that cadmium metal does not come in contact with the air. Fill MQ water up to the rim of the
bottle.

4.5.Packing the Reduction column:

Place a plug of glass wool at the bottom end of the column and the column and the
reservoir filled with MQ water.

Transfer the copperised cadmium into the column reservoir. Allow the filings to fall freely
into the column taking care that no air cavities are formed.

After transferring the filings in the column, place another piece of glass wool on the top
of the filings.

The cadmium filings should be kept under water always to avoid getting dried.

Adjust flow rate to 6-8 mL/min. Pass the buffer solution (pH 8.5) through the column.

(Fig.1)
4.6.Activation of column

Pass 50 ml of activator solution plus 50 ml of buffer through the column at a rate of 6-8 ml
in 1 minute and discard the elute.

Pass 50 ml MQ water plus 50 ml buffer through the column. Stop the elution, leaving the
buffer water just above the filings in the column.

4.7.Procedure

1. Calibration and determination of blank for Nitrate + Nitrite analysis : Prepare the following
standards from the stock solutioni.e., 5, 10, 15 and 20 nmol NO_—N/I concentration. Take 50 ml of
this diluted nitrate standard solution plus 50 ml buffer in a 100 ml standard flask and pass through
the column. Discard the first 50 ml and collect next portion of 25 ml eluate in the stoppered glass
tubes for subsequent analysis. Add to each tube 1 ml of Sulphanilamide and mix well. After 1 min
reaction time,1 ml of NEDA solution is added, mix well and a reaction time of 15 min allowed.
Measure the absorbance A (st) in 1 cm cuvette at 540 nm against MQ water as reference within 1h.

2. Blank: Take 50 ml MQ water plus 50 ml buffer in a100 ml standard flask and pass through the
column. Discarded the first 25 ml and collected next two portions of 25 ml in the stoppered glass
tubes for determining the absorbance of blank A (b).

3. Sample analysis : Measure 50 ml of the sample plus 50 ml buffer in 100ml standard flask and
pass through the column, rejected the first 50 ml and the next two portions preserved. Pass the
sample through the column and proceed as before for the standards. Measure the absorbance A
(NO,+NO,) ina 1 cm cuvette at 540 nm against MQ water as reference. Analyze the same sample
for Nitrite and determine the concentration of nitrite in mmol/I

4.8. Calculations

Calculate the factor F for Nitrite from the formula

Conc. of standard solution

A (st) — A (b)
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Where A (st) = Mean absorbance of standards
A (b) = Mean absorbance of blanks
Calculate the concentrations of Nitrate + Nitrite from the relation
C(NO,+NO,) = F x [A(NO,+NO,) — A(b)]

Correct the value for Nitrate by using the relation
C (NO,) umol I = C(NO,+NO,) — C(NO,)
where the (NO,) was the concentration of nitrite in nmol/L determined earlier
4.9.Results
Report the results up to two places of decimal.

Fig.1 REDUCTION COLUMN

<<
DIMENSIONS Inner diameter
cwp Cup 3.5¢cm
te-oom Capillary-1 0.75cm
Capillary-2 0.30 cm
TN

CAPILLARY-1 ﬁ
33.0cm

CAPILLARY-2
44.2cm

(Including curves)

PART Ill: BASIC CALCULATIONS IN WATER QUALITY ANLYSIS

5. Basic Calculations in water quality analysis

5.1. Introduction

In the metric system, the decimal scale is based upon multiples of 10 to measure units of volume,
length and weight. The meter is the fundamental unit of the metric system because from this
standard of linear measure that the other two metric units of weight and volume are derived. The

details are given hereunder:
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5.2. Metric system table

Weight Volume

1000 mg 1lg 1000 ml 1L

1000 ny 1mg 1000 m 1ml
1000 ng 1ny 1000 nl 1m
1000 pg 1ng 1000 pl 1nl
1000 fg 1pg 1000 fl 1pl
1000 ag 1fg 1000 al 11l

ny is otherwise called as gamma (c) and m as lambda (1)
5.3. Solutions
It will be important to understand a few terms dealing with solutions, the definition of the terms are:
Solution — a mixture consisting of a solute and a solvent
Solute — component of a solution present in the lesser amount
Solvent — component of a solution present in the greater amount
Concentration — amount of a solute present in a solution per standard amount of solvent
5.3.1. Standard solution
In a volumetric analysis, a solution of a known strength is called a standard solution.

5.3.2. Normal solution

It may be defined as a solution which contains a gram equivalent weight of the substance in a liter
of the solution.

5.4. Parts per million (ppm)

One ppm is equivalent to 1 milligram of substance in one liter of water (mg/l) or 1 milligram of
substance in one kilogram of soil (mg/kg).

grams of solute
ppm= —— x 10°
grams of solution
(1 part per 108 parts)
5.5. Parts per billion (ppb)

One ppb represents one microgram of chemical in 1 lit. of water (ng/l) or one microgram of the
chemical in 1 kg. of soil (mg/kg)

grams of solute
ppb = x 10°
grams of solution
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5.6. Expression of strengths

Remember 1 in 1000;1 in 2000;1 in 3000, 1 ppm, 1ppb etc.

1in 1000 means 1 gm of solid dissolved in 1000 ml i.e. 1 gm/1000 ml

If the solvent utilized is water, then it is 1 gm in 1000g because 1 ml of water weight is equal to 1
gm.

If it is a liquid diluted in another liquid, then it is 1 mlin 1000 ml

Basically 1 ml of water at 4°C weighs 1 g. But at room temperature it may vary slightly.

5.7. Percentage solution

1 g or 1000 mg of a solid chemical dissolved in 100 ml is termed as 1% solution; i.e 1 ml contains
1000/100 = 10 mg of chemical in 1% solution.

5.8. Molar solution

Definition: One molecular weight gram of a substance dissolved in one liter of water is called
as one Molar solution, and is expressed as M.

One mill molar solution (1ImM) — 1 mol. Wt. mg of a substance dissolved in 1 lit. of water.
One nanomolar solution (1nM) — 1 mol.wt. ng of a substance dissolved in 1 lit. of water

Molarity (M) :_This unit of concentration relates the moles of solute per liter of solution.

moles of solute

Molarity = ———
L solution

Molality (m): This unit of concentration relates the moles of solute per kilogram of solvent
moles of solute

Molarity =

kg solvent

Molar is weight/volume and Molal is weight/weight

If it is a liquid other than water, then for molal, we have to look for its specific gravity.

For example, sp.gr of Kerosene — 0.9 i.e. 1 ml of water
1 ml of kerosene

lg
0.8g

Specific gravity is a comparison of the weight of a substance of a particular volume with the
weight of water. To find out the sp.gr of a substance, divide its weight by the weight of an equal
volume of water.

5.9. Molarity and Normality

How do you calculate 1 N of NaOH?
The question | am trying to figure out is Describe how to prepare a 1N and a 0.1 N solution of
NaOH.

First of all, you need to understand what molarity and normality are.
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Molarity refers to the number of molecules of a substance in a solution; alM solution contains 1
mole (6.02 x 10723 molecules or particles) of the substance in 1 liter of solution.

Normality refers to compounds that have multiple chemical functionalities, such as sulfuric acid,
H2S04: a 1M solution of H2SO4 will contain only one mole of H2SO4 in 1 liter of solution, but if
you titrate the solution with base, you will find that it contains two moles of acid. This is because a
single molecule of H2SO4 contains two acidic protons. Thus, a 1M solution of H2SO4 will be 2N.

Now, for your specific question: NaOH contains only one significant chemical functionality, which
is the basic hydroxide, OH-. So, for NaOH solutions, molarity and normality will be the same thing.
So, a 1.0 N solution of NaOH in water is also a 1.0 M solution of NaOH in water, and a 0.1 N
solution of NaOH in water is a 0.1 M solution of NaOH in water.

How do you make these? The first thing you need to know is the mass of a mole of NaOH. This is
just its molecular weight: 40.0 g/mol. (That’s what a molecular weight means: the mass in grams
of one mole of the substance.)

So, to make a 1.0 M (= 1.0 N) solution of NaOH in water, you will want to weigh out 40.0 grams of
NaOH, dissolve it in about 0.8 liters of water, and then add water to the solution to take the total
volume up to exactly 1.0 liters. You would do the same thing to make a 0.1 M (= 0.1 N) solution:
weigh out 0.1 mole of NaOH (= 4.0 g), dissolve it in water, and add enough water to make the total
volume equal to exactly 1 liter.

If you don’t want exactly on liter of these solutions, then you need to change the amounts by the
same factor: if you need 0.5 liters of a 1.0 M solution, you use 0.5 moles of the substance and
enough solvent to make the solution volume exactly 0.5 liters.

The ‘Normality’ of a solution is the ‘Molarity’ multiplied by the number of equivalents per mole (the
number moles of hydroxide or hydronium ions per mole) for the molecule. For NaOH there is one
equivalent per mole (one mole of hydroxide ions release per mole of NaOH dissolved in water) so
the ‘Normality’ is the ‘Molarity’ times 1 eq / mole.

The ‘Molarity’ of a solution is the number of moles of solute in one liter of solution. To makea 1 N
solution of NaOH would be the same as making a 1 Molar solution, (1 eq/ mole) X (1 mole / liter).
To make one liter of a 1 Molar solution, weigh out one mole of NaOH and slowly, with constant
stirring and while monitoring the temperature of the solution (by touching the outside of the beaker),
add it to about 750 ml of deionized water in a 1 liter beaker. (If the beaker gets warm to the touch,
stop adding the NaOH and continue stirring until all the solid is dissolved and you are sure the
solution is not overheating.) When all the NaOH has been added, bring the total volume up to 1.0
liter of solution by adding more deionized water.

To make a 0.1 N solution of NaOH you could follow the above procedure using 1/10 as much
NaOH or you can dilute the above solution by a factor of 10. To do this, measure 100 ml of solution
in a graduated cylinder. Slowly, and while stirring, add this to about 750 ml of deionized water in a
1 liter beaker.

(ALWAYS add the more concentrated solution to the less concentrated solution!) Again, monitor
the temperature of the resulting solution. When all the solution from the graduated cylinder has
been added, rinse the graduated cylinder several times with 10 or 20 ml of deionized water and
finally, bring the total volume of the solution up to 1 liter.

For more accuracy you could use a 1 liter graduated cylinder instead of a beaker.

Smaller quantities of solution can be prepared by using the appropriate ratios of NaOH and total
solution.
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5.10. Solutions

PERCENT, MOLAR, NORMAL, SATURATED

We use reagents primarily in solution form. They are made up as percent solutions or molar or
normal solutions. Rarely do you ever see molar solutions. All of these terms are just a means of
naming the concentration of solutions.

5.10.1. Percent solution

There are three types of percent solutions. All are parts of solute per 100 total parts of solution.

Based on the following definitions you may calculate the concentration of a solution or calculate
how to make up a specific concentration.

1 % W/W - Percent weight of solute in the total weight of the solution. Percent here is the number
of grams of solute in 100 grams of solution.

Example:
A 100% (W/W) NaCl solution is made by weighing 100 g NaCl and dissolving in 100 g of solution.

2 % W/V - Percent weight of solution in the total volume of solution. Percent here is the number of
grams of solute in 100 ml of solution. This is probably the least significant way of naming a solution,
but the most common way of doing it. In fact, any percent solution not stipulated as W/W, W/V, or
V/V is assumed to be % W/V.

Example:
A 4% (W/V) NaCl solution is 4 g of NaCl in 100 ml of solution.

3% V/V - Percent of volume of solute in the total volume of solution %V/V. Percent here is the
number of milliliters of solute in 100 ml of solution.

Example:

A 10% (V/V) ethanol solution is 10 ml of ethanol in 100 ml of solution; unless otherwise stated,
water is the solvent.

So now, here are some applications

1. What is the percent concentration of a solution that you made by taking 5.85 g of NaCl and
diluting to 100 ml with H,O?

5.85 g/100 ml = 5.85% W/V solution of NaCl

2. What is the percent concentration of a solution that you made by taking 40 g of CaCl, and
diluting to 500 ml with H,O?

You set up a proportion problem.
40 g /500 ml = Xg /100 ml

X =8g

89/100 ml = 8% (W/V) solution
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OR
Another way to look at this is, 40 grams solute is what percent of the 500 ml solution? The 100 is
used to convert to percent.

3. How would you make 250 ml of a 8.5% NaCl solution?
This works backwards from the others —

8.5%=8.59g /100 ml

Again, set up a proportion

8.5 9 /100 ml= X /250 ml

21.3g=X

OR

an alternative method is to say what is 8.5% of 250 ml?

250 x 0.085 = 21.3

Therefore you would need to weigh out 21.3 g NaCl and dilute to 250 ml with H,O.

4. How much (volume) 0.85% NaCl may be made from 2.55 g NaCl?
An 0.85% NacCl solution = 0.85 g/100 ml

Setting up a proportion again,

0.859g /100 ml = 2.55 g/X

X =300 ml

Therefore, 300 ml of 0.85% NaCl may be made from 2.55 g NaCl.

5.10.2. MOLAR SOLUTIONS (M)

The definition of molar solution is a solution that contains 1 mole of solute in each liter of solution.
A mole is the number of gram molecular weights (gmw). Therefore, we can also say a 1M =1 gMW
solute/liter solution.

1M NacCl solution would be

Na = MW of 23

Cl=MW of 35.5

NaCl = MW of 58.5

1M = 58.5 g of NaCl in 1 liter of solution.

It may be made by weighing out 58.5 g of NaCl and gs to 1 liter with water. The gs stands for quality
sufficient and is a term used to designate that the total volume must be 1 liter (or whatever is
stated).

58.5 g NaCl gs 1 liter with H,O
Examples of other solutions would be
1MH,SO,=98gl/l
1MHPPO,=98gl/l

Problems

Let’'s look at some problems as examples.

1. How would you make a liter of 4M CacCl,? First find molecular weights.
Ca=40,;Cl,=355x2=71

CaCl,= 111 (MW)

Then, IM =111 g/l ; 4AM =4 (111 g/l) ; = 444 g/l

Weigh out 444g CacCl, gs 1 liter with H,O

2. How would you make 300 ml of a 0.5M NaOH solution?
First find molecular weights.

Na=23;0=16;H=1

NaOH = 40 (MW)
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Then, 1M =409/l ; 0.5M =0.5 (40 g/l) ; = 20 g/l
But you only want 300 ml so.. ..

20 /1000 ml = x /300 ml

6g=x

Weigh out 6 g NaOH pellets gs. 300 ml with H,O

3. You weighed out 58.5 g of NaCl and diluted it to 250 ml. What is the molarity of the solution?
Set up a proportion to find the equivalent in a liter.

58.5 g /250 ml = x / 1000 ml

X =234 g/1000ml =234 g/ 1l

Since 1M = 23 + 35.5 =58.5 ¢/l

Set up another proportion.

x /234 g/l =1 M /58.5 g/l

4 M=x

5.10.3. NORMAL SOLUTIONS:

The definition of a normal solution is a solution that contains 1 gram equivalent weight (gEW) per
liter solution. An equivalent weight is equal to the molecular weight divided by the valence
(replaceable H ions).

1N NaCl =58.5 g/l

1IN HCIl = 36.5 g/l

IN H,SO, =49 g/l

Problems involving normality are worked the same as those involving molarity but the valence
must be considered:

1N HCI the MW= 36.5 the EW = 36.5 and 1N would be 36.5 g/l

1IN H,SO, the MW = 98 the EW = 49 and 1N would be 49 g/l

IN H,PO, the MW = 98 the EW = 32.7 and 1N would be 32.7 g/I

PROBLEMS:

1. You weigh out 80 g of NaOH pellets and dilute to 1 liter. What is the normality?
MW of NaOH = 40

EW =40

1IN =40 g/l

80 g/l /40 g/l = 2N

What is the molarity?

MW = 40

1M =40g/l

80 g/l /40 g/l =2M

2. You weighed out 222g of CaCl2 and diluted to 1 liter. What is the normality?
EW =111/2 =5.55

1IN =55.509/

222 g/l /55.5 g/l = 4N

What is the molarity?
1M =111 g/l
222 g/l /111 g/l =2M

Then the molarity times the valence equals the normality.
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5.11. Dilutions

The dilutions describe the ratio of the solute to the final volume of the diluted solution.

For example, to make a 1:10 dilution of a 1M NaCl solution, you would mix one “part” of the 1M
solution with nine “parts” of solvent (probably water), for a total of ten “parts.” Therefore, 1:10
dilution means 1 part + 9 parts of water (or other diluent).

5.12. Serial dilutions

Similarly for making up 10 M to 10° M solutions from a 1M stock solution.

¢ Pipette 10 ml of the 1M stock into a 100 ml volumetric flask and make up to the mark to
give a 10t M solution.

* Now, pipette 10 ml of this 10! M soln. into another 100 ml flask and make up to the mark
to give a 102 M solution.

* Pipette again, 10 ml of this 102 M solution. into yet another 100 ml flask and make up to
mark to give a 10 M solution.

* Pipette a 10 ml of this 10° M solution. into another 100 ml flask and make up to mark to
give a 10* M solution.

¢ And from this 10“ M solution. pipette 10 ml into a 100 ml flask and make up to mark to
give afinal 10° M solution.

5.12.1. Dilution formula

Sometimesi it is necessary to use one solution to make a specific amount of a more dilute solution.
To do this, you can use the formula:

V1C1 = VZCZ

where:

V, = volume of starting solution needed to make the new solution
C, = concentration of starting solution

V, = final volume of new solution

C, = final concentration of new solution

For example: Make 5ml of a 0.25M solution from 2.5ml of a 1M solution.
V1C1 = V2C2
(V) (IM) = (5mL) (0.25M)
V, = [(5ml) (0.25M)] / (1M)
V,=1.25ml
So you will need to use 1.25ml of the 1M solution. Since you want the diluted solution to have a

final volume of 5ml, you will need to add ( V1-V2 = 5ml - 1.25ml) 3.75ml of diluent.
Sometimes it is necessary to dilute by a large factor so several serial dilutions are necessary.

5.12.2. Making Solutions

5.12.3. Solutions made using percentage by weight (w/v)

The number of grams in 100ml of solution is indicated by the percentage.

For example, a 1% solution has one gram of solid dissolved in 100ml of solvent. To make this

type of solution properly, you should weight 1g and dissolve it in slightly less than 100ml. Once
the solids have dissolved, you can bring the volume up to the final 2700ml
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5.12.4. Solutions made using percentage by volume (v/v)
In this case, the percentage indicates the volume of the full strength solution in 100ml of dilute
solution.

6. WEIGHTS AND MEASUREMENTS

The Imperial System, established in 1824, was until the late 1960s, the main system of measurement
used in the British Commonwealth. Virtually every country using the imperial system began a
changeover to the metric system beginning in the late 1960s and 1970s. The metric system outlined
here in the modern form of the metric system, referred to as the International Systems of Units.
(System International d’Unites, or Sl). The multiples and submultiples of the base and other units
of the metric system are shown here for various types of measure, these are formed by applying
established prefixes, which are the same whichever unit is used. Examples are milligram (mg),
millimeter (mm), kilometer (km), kilowatt (kw) and Megawatt (MW). Only one multiplying prefix is
applied at one time to a given unit. Thus, one thousandth of a milligram is referred to as a microgram
and not as a millimilligram. Unit names take a plural ’s’when associated with numbers greater than
1. Abbreviations, however, remain unaltered in the plural form and should be without a full stop.
Thus, km is the correct abbreviation for kilometer and kilometers.

1.1. IMPERIAL SYSTEM

LENGTH AVOIRDUPOIS WEIGHT
1 angstrom = 0.0001 micron 1 ounce = 437.5 grains
1linch = 1000 milli inches = 16 drams
= 2.54 centimeters 1 pound = 7000 grains
1 foot = 12 inches = 256 drams
= 0.3048 meter = 16 ounces
1 micron = 0.001 millimeter = 453.6 grams
1 yard = 3feet 1 stone = 14 pounds
= 0.91 meter 1 quarter = 28 pounds
1rod = b.5yards = 2 stones
= 25links 1 cental = 100 pounds
1 furlong = 220 yards 1 cwt = 112 pounds
= 40rods = 4 quarters
1 mile = 5280 feet 1ton = 35840 ounces
= 1760 yards = 2240 pounds
= 8furlongs = 20 cwts
1 league = 3 miles llongton (UK) = 1.016 Mg
1 chain = 100 links 1 shortton (US) = 0.907 Mg
= 66 feet CAPACITY
= 22 yards 1fluid ounce = 8fluid drachms
= 4rods 1gill = 5fiounces
LENGTH (Nautical) 1 pint = 20 fi ounces
1 fathom = 6feet = A4gills
= 1.83 meters 1 quart = 40 fi ounces
1 cable length = 100fathoms(approx) = 2 pints
1 nautical mile = 6080.2 feet 1 gallon = 160 fi ounces
= 1.85kilometers = 8 pints
= 1.15 statute miles = 4 gquarts
= 10 cable length = 4.55dm?
1 statute mile = 2580 feet = 4.55liters
= 1.6 kilometers 1 peck = 2gallons
= 0.87 nautical miles 1 bushel = 4 pecks
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AREA

1 sq foot

1 sq yard

1 sq rod

1 sqg chain

1 sq acre

1 acre

1 sg mile

1 sq centimeter
1 sq meter

1 sq kilometer

1 rod
CONCENTRATION
M

144 sq ins

9 sq feet

30.25 sq yds

484 sq yard

4840 sq yds

160 sq rods

640 acres

0.155 sq inches
10.8 sq feet

247.1 acres

0.386 sq statute mile
0.292sqg.nauticalmile
1210 sqg yds

gram molecular Weight
per liter (or molecular

1 quarter
VOLUME
1 cu foot
1 cu yard

1 cu meter
1 milliliter

1 liter
1 gallon

1 cubic meter

8 gallons
64 gallons

1728 cu ins

46656 cu ins

27 cu feet

1000 liters

0.001 liter

1 cubic centimeter
1000 cubic centimeter
1.06 liquid quarts
4.55 cubic decameter
4.55 liters

1000 liters

concentration) ppm (parts per million) = mg/l

ppb(parts per billion) =g/l
ng-atoms/I = mg-atoms/m3niv ng/l , atomic wt = ng-atoms/I
ny/l = mg/m? ng/l, molecular

wt = mMnmmol/|
1.1. THE METRIC MEASUREMENT
PREFIX NAME PREFIX SYMBOL DESCRIPTION
Atto a 1018 one million million millionth
Femto f 10 onethousand million millionth
Pico p 1012 one million millionth
Nano n 10° one thousand millionth
Micro m 10€ one millionth
Milli m 103 one thousand
Centi c 102 one hundred
Deci d 10+t one tenth
Deca da 10 ten
Hecto h 102 one hundred
Kilo k 108 one thousand
Myria my 104 ten thousand
Mega M 108 one million
Giga G 10° one thousand million
Tera T 10%? one million million
Peta P 10% one thousand million million
Exa E 10 one million million million
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6.3.MASS

1 microgram
1 milligram

1 metric carat
1 gram

1 metric ounce
1 hectogram

1 kilogram

1 quintal

1 megagram

1 tonne

6.4.VOLUME & CAPACITY

1 cu centimeter
1 cu decimeter
1 cu meter

1 cu decameter
1 cu hectometer
1 cu kilometer
1 milliliter

1 cu centimeter
1 centiliter

1 deciliter

1 liter

1 hectoliter
1 kilolitre

1 cu meter

1000 nanograms
1000 micrograms
200 milligrams
1000 milligrams
5 metric carats
25 grams

100 grams

1000 grams

100 kilograms
1000 kilograms
10 quintals

10 quintals

1000 cu millimeters
1000 cu centimeters
1000 cu decimeters
1000 cu meters
1000 cu decameters
1000 cu hectometers
1000 microliters
1000 microliters

6.5.METRIC STANDARD ABBREVIATIONS

A = ampere A
bar = Dbar C
cc = cubic centimeter cg
cm = centimeter cm?
cm® = cubic centimeter CM
cP = centipoises cSt
dag = dekagram dal
dam? = square decameter dam?
EHz = exahetrz F
GHz = gigahertz GJ
GPa = gigapascal GW
H = henry ha
Hg = hectogram hi
hm2 = square hectometere hm?3
Hz =  hertz J

10 milliliters

10 centiliters

1000 milliliters

100 centiliters

100 liters

1000 liters

10 hectoliters

1000 liters
angstrom a =
coulomb °C =
centigram cl =
square centimeter cm?/s =
metric carat cN =
centistokes daa =
dekaliter dam =
cubic decameter dyn =
farad g =
gigajoule GW =
gigawatt h =
hectare hbar =
hectoliter hm =
cubic hectometer hpz =
joule kA =
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are
Celsius

centiliter

square centimeter
per second
centinewton
dekare

decameter

dyne

gram

gigohm

hour

hectobar
hectometer
hectopieze
kiloampere



Kbar
Kgf
kJ
km?
km/s
Kp
kS
KW h
M/s

M3
mC
Mg
MJ
Mm
MN
mPa
Ms
mT
mw
Mbar
Mg
Mm
mPa
mT
N
Ng
Ns

p

Pa
pF
Pm
S

St
THz
V

6.6.METRIC CONVERSION

kilobar

Kilogram —force
kilojoule

square kilometer

kC

kgf m

ki
km3

kilometer per second kN

kilopound
kiloseimens
kilowatt hour
meter per second

cubic meter
millicoulomb
megagram
megajoule
millimeter
meganewton
millipascal
millisecond
millitesia
milliwatt
microbar
microgram
micrometer
micropascal
microtesia
newton
nanogram
nanosecond
pong
pascal
picofarad
picometer
second
stokes
terahertz
volt

kPa
kV
Lorl
m2

mA
MC
mH
ml
mm?
mw
MPa
m/s
mV
MW
mC
mH
mN
ms
mV
nA
nH
nT

p
Pals
pH
pz

S

t

TJ
W

Use of double conversion tables :

The bold figures in the central columns of each table can be read as either the metric or the
imperial measure. For example, 1 pound * 0.453592 kilogram, or 1 kilogram * 2.204622 pounds.
To determine the equivalent for ten (10), hundred (100), thousand (1000), etc., units move the
decimal point one place to the right for each zero (0). For example, 10 pounds = 4.53592 kilograms,
100 pounds = 45.3592 kilograms, 1000 pounds = 453.592 kilograms. In the same way, the equivalent
conversion for 0.1, 0.01, 0.001, etc., can be obtained by moving the decimal point one place to the
left for each decimal place in the unit to be converted. For example, 0.1 pound = 0.0453592 kilogram,
0.01 pound = 0.00453592 kilogram. Thus, the conversion for 120.5 pounds can be obtained from
the table by adding together the conversion for 100 pounds and that for 20 pounds and of 0.5
pound. This equals to 45.3592 kilogram plus 9.0718 kilogram plus 0.2268 kilogram or 54.6578
kilograms. However, the rounding is not always accurate for the last decimal place after making

this calculation.

kilocoulomb

kilogram—force meter

kiloliter

cubic kilometer
kilonewton
kilopascal
kilovolt

liter

square meter

milliampere
Megacoulomb
Millihenry
Milliliter
square millimeter
milliohm
megapascal
meter per second
millivolt
megawatt
microcoulomb
microhenry
micronewton
microsecond
microvolt
nanoampere
nanohenry
nanotesia
poise

pascal second
picohenry
poize

seimens
tonne
terajoule

watt

96

kHz
km
km/h
KW
ks
kw

m?/s

mbar
mg
MHz
Mm
mN
MW
mPa/s
mS
MV
mA
mF
ml
mw
mS
mw
mC
mm
XW
pA

pHz

sn

kilogram
kilohertz
kilometer
kilometer per hour
kilohm
kilosecond
kilowatt

meter

square meter per
second
millibar
milligram
megahertz
megameter
millinewton
megaohm
millipascal second
milliseimens
megavolt
microampere
microfarad
microliter
microhm
microseimens
microwatt
nanocoulomb
nanometer
ohm
picoampere
picocoulomb
picohertz
gunital

sthane

tesia

terawatt



6.7.CONVERSION FORMULAE

MASS

To convert

Grains into milligrams........................
Grainsinto metric carats.............ccccevvveeennnn.
Grainsinto grams........c.ccoeveviieiiinennns
Pennyweights into grams............ccceviivene
Drams into grams..........ccceevvevveannnn.
Ouncesinto grams..........coceevenienneennnn.
Ounces troy into grams..........c.evveeeeeenennnn
Ounces troy into metric caratS.............coveiennnene.
Ounces into kilograms........................

Pounds into kilograms...

Stones into kilograms...
Hundredweights into kllograms .........................
Tons into kilograms............

Tons into metric tons..........

Tahilsinto grams..........ccccceiviennen.

Kati into kilograms............

VOLUME & CAPACITY
To convert

Cubic inches into cubic centimeters.............cooveeee.

Cubic inches into cubic .liters.

Cubic feet into cubic meters...
Cubicfeetintoliters.........coooevvviiiiinnn.n.
Pintsintoliters.........coooviviviiiiinnnnn.

Quartsinto liters...........c.cooeveee v,

Cubic yards into cubic meters...................ooeeee.
Gallonsintoliters.........coovvviviii e,

Gallons into cubic meters..

Fluid ounces into cubic centlmeters ......................

AREA
To convert

Square inches into square millimeters...................
Square inches into square centimeters...................

Square feet into square centimeters...................
Square feet into square meters.............c..o.ee.e.
Square yards into square meters..............c.coceuvne.
Square yards into ares...........c.coceev e,

Acres into square meters..............cccoeuve ...
ACresinto ares..........ccceeeeveveneennn.

Acres into hectares.......................

Square miles into hectares.......................
Square miles into square kilometers.....................

Multiply by
64.79891
0.323995
0.064799
1.555174
1.77185
28.349523
31.103477
155.5174
0.0283495
0.4535924
6.3502932
50.802345
1016.0469
1.01604
37.799
0.060479

Multiply by
16.387064
0.016387
0.0283168
28.316847
0.5682613
1.1365225
0.7645549
4.54609
0.0045461
28.413063

Multiply by
645.16
6.4516
929.0304
0.092903
0.836123
0.0083613
4046.8564
40.468564
0.4046858
258.9988
2.589988



7.0. Quality Assurance in Chemical Analysis
Measurements should be comprehensible, Precise, accurate and interpretable

7.1. Steps in test procedures (part of QA)
Sampling
Sample conservation
Sample transportation
Sample storage
Sample preparation/processing
Measurement
Data evaluation
Test report
7.2. Implementatlon of QA
Optimization of personnel
Optimization of equipment/instrument
Choice of suitable test procedures for the problem
Determination of the parameters for the test procedures used
Carrying out internal QA procedures
Participation in external QA procedures
Evaluation and documentation of QA procedures used

7.3. Calibration, why?

Parameter — physical attribute, concentration or amount to be measured

There is no “absolute” scale in nature

Measurement (Quantification) is a human invention

Any device used for measurement has to be calibrated

You cannot achieve a reliability of measurement better than the reliability of the measuring
device

7.4. Accuracy and precision
In the fields of science engineering and statistics, accuracy is the degree of closeness of a measured
or calculated quantity to its actual (true) value. Accuracy is closely related to precision, also called

reproducibility or repeatability, the degree to which further measurements or calculations show the
same or similar results.
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Accuracy indicates proximity to the true value, precision to the repeatability or reproducibility of the
measurement

The results of calculations or a measurement can be accurate but not precise, precise but not
accurate, neither, or both. A measurement system or computational method is called valid if it is
both accurate and precise. The related terms are bias (non-random or directed effects caused by
afactor or factors unrelated by the independent variable) and error (random variability), respectively.

7.5. Accuracy versus precision; the target analogy

High accuracy, but low precision

High precision, but low accuracy

7.6. Quantifying accuracy and precision

Ideally a measurement device is both accurate and precise, with measurements all close to and
tightly clustered around the known value. The accuracy and precision of a measurement process
is usually established by repeatedly measuring some traceable reference standard. Such standards
are defined in the International System of Units and maintained by national standards organizations
such as the National Institute of Standards and Technology.

REFERENCE
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OCEAN —
OBSERVATION

Required to
establish and
sustain ocean data
gathering, analysis
and predictive
systems for the
marine
environment,
accessible to
everybody,
providing safer and
more efficient
ocean operations,
improved safety
and risk
management in the
marine
environment and
coastal seas, as
well as an
improved scientific
and information
basis for marine
and ocean policy
development.
Ocean observation
has economic
benefits because
the data are used
to derive

products, such as
forecasts, that are
used by decision
makers to make
choices that affect
economic well-
being.




15. POTENTIAL FISHING ZONE (PFZ) ADVISORIES —- TECHNOLOGY PERSPECTIVE

T. Srinivasa Kumar, M. Nagaraja Kumar, E. Padmaja, N Naga Swetha, Satish Shenoi
Indian National Centre for Ocean Information Services (INCOIS)
Ministry of Earth Sciences
Hyderabad, India

About 7 million people living along the Indian coastline, spanning more than 8100 km, are dependent
on fishing for their livelihood. Locating and catching fish is, however, becoming more challenging
as fish stocks dwindle and move further offshore, thus increasing the search time, cost and effort.
A reliable and timely forecast on the potential zones of fish aggregation will benefit the fishing
community to reduce the time and effort spent in searching the fishing grounds, thus improving
their socio-economic status. The concerted efforts of scientists from Earth Sciences, space and
fishery science in collaboration with the coastal states have resulted in a unique service of Potential
Fishing Zone (PFZ) advisories.

Evolution of the PFZ Mission

The Ministry of Earth Sciences (MoES), earlier known as the Department of Ocean Development
(DOD), initiated Marine Satellite Information Services (MARSIS) programme in June 1990, to
address some aspects of remote sensing applications for coastal region and oceans. The major
accomplishments of MARSIS programme was successful demonstration of generation and
experimental dissemination of Potential Fishing Zone (PFZ) information to the end users.

PFZ forecast was started during 1989-90 at NRSA using only NOAA-AVHRR derived Sea Surface
Temperature (SST) data. Indian National Centre for Ocean Information Services (INCOIS), in the
year 1999, has taken up this in mission mode to generate and disseminate PFZ advisories to
entire coastal fishery community. The launch of the IRS-P4 (Oceansat-1) has enriched the PFZ
Advisories. An integrated approach was developed using IRS-P4-OCM derived Chlorophyll
concentrations and AVHRR derived SST for locating the PFZ. And the Integrated PFZ forecast
technique was transferred to INCOIS by the Space Applications Centre (SAC) in the year 2000.
Over the years, the technology for generation of PFZ information has undergone changes
considerably in light of results from continuous validation experiments. The Mission of the PFZ
Advisory services is shown below as Fig 1.

PEZ Mission e

I To minkee the Motential Fishing fone odvsancs
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Fig 1: Mission of PFZ Advisory Services
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Methodology for Generation of PFZ Advisories

It is well known that the adaptation of fish to the surrounding marine environment is controlled by
various physico-chemical and biological factors. Fishes are known to react to changes in the
surrounding environmental conditions and migrate to areas where favorable environmental
conditions in terms of seawater temperature, salinity, dissolved oxygen levels etc., exist. Availability
of food is an important factor which control their occurrence, abundance and migrations in the sea.
Sea Surface Temperature (SST) is the most easily observed environmental parameter and is quite
often correlated with the availability of fish, especially pelagic fish. Many pelagic species are known
to concentrate at current boundaries especially in areas with sharp horizontal temperature gradients.
Usually, chlorophyll and SST images are expected to reveal common gradients due to inverse
correlation between these two parameters. (Solanki, et al, 2005).

Monitoring the above mentioned parameters in space and time is time-consuming and prohibitively
expensive and a real time picture of any one of these parameters or a combination of the above
becomes almost impossible. Indirect methods of monitoring selected parameters such as SST
and phytoplankton pigments (Chlorophyll-a) at sea surface from satellites is found very ideal as it
provides high repetivity and large special coverage. The methodology discussed on integration of
Chlorophyll and SST images (Shown in Fig 2 below) by Dwivedi & co-workers has been adopted.

3

Fig 2: SST and Chlorophyll Images overlaid with 12 PFZ Sectors

Integrated PFZ (IPFZ) Advisories are generated using SST and Chlorophyll Imagery derived from
NOAA-AVHRR (USA) and IRS P4-OCM (India) data. The features such as oceanic fronts,
meandering patterns, eddies, rings, up-welling areas (Table 1) are identified from these satellite
images in near real time and translated as advisories in terms of latitude, longitude and depth of
the shelf at such locations as well as angle, direction and distance from the landing centres/light
houses. These IPFZ advisories prepared in English, Hindi and other local languages (Gujarati,
Marathi, Kannada, Malayalam, Tamil, Telugu, Oriya and Bengali) and local measurement units are
disseminated thrice a week, i.e. every Monday, Wednesday and Friday through various
dissemination modes.
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Table 1: Relevance of oceanographic features to fishery resource
(Source: H.U. Solanki, et al, 2003)

Sl Featura Type Definition! Morphology | Relavanca ta fishary resource

M. deacription

1. Coeanic Fronts | Fronts are the boundanes | High chlorophyll is indicator of biomess production.
[ ealour and | bebwesn fwo waler masses | Hepece, resaurce sustained for lenger period The
thermal) with different properties They | chances of development of local eco system are

can be easily detected &3 | grester, which enables benthos exploration.

breaks in the ocean colour | Higher 58T pgradient s an indicator of upwelled

{chloraphyll concentration) or | walker from deeper layer. Hence, the water with

88T of water massas on an | grester nutrient concentration would be aveilable in

image, euphotic zone, which enables enhanced production,
Restrict movement in species that prefer pariculate
temparature ranges.

2 Mushroorm The faature appears | Form an enciosad pocket. Periphery is important
shaped mushroom shaped on  an | Sometimes rings Torm ingde the feature which may
fealiures image. be productive, Form due to wind driven curment.

L Coastal Eassily detected in thermal | Indicetes the nuirient rich water fransported from
Upwedling imagery. Appear &5 different | bottom to surface. Farm in different phases like

bands of thermal gradients in | iniiation phase, stabilization phase and maturation

the images, phase. Initiation phase should be awvsided for fishing
due to law axygen water. In the maluration phase a
wiell developed ecosystem  forms,  should be
exploited.

4. Maandaring A turn or winding of current | They cover a large area. So, even if feature shift the
pattarn af | that mey be detached from | potential area may net shift totally. This alse halps in
features the rain  sirearm.  Eagily | delayed  fishing.  Large  concenfralions af

detectad through the | phytoplankton are evailsble ss compared to linear

curvatures in the image, features. An enclosed pockel |5 farmed, hemce
confining the resources. Somelimes rings are
formed, which are productive and important for
resaurce exploraton.

& Eddies A cumrent of water oftem an | Rotating water masses cause deep mixing hence
the side of the main curent, | nurent  eprchment  occurs  leading 1o high
especially one moving in a | production. Persistence for relatively longer duration.
circle. Easy to monitor in | The vieusl predictors like tunes prefer periphery of
space and lime. eddies and streamers

& Rings Rings aof derivalive of | Rings are productive and already  localised
meanders and eddies. Easy | developed eco systems. These features ensure
ta identify on an imaga. secondary and tertiary production.

7. Plume front Flumes form mostly in the | Coastward side should be avoided because of the
coast area near fver mouths | turbidty; gererally fish aveid turbld waler due to
a5 well 25 at dscharge points | visibility and blocking of gills. Seavward side may be
of effluent explored for resources. Sediment images may be

checked before suggesting the PFZs

4. Shetf Break | Formed due to bathymetry &t | If it is & high depth gradient it will sppesr rmany times
Front shelf and slope depth | &t same |ocation Persist for longer penods,

gradent. Supporting ecceystem. Mot suitsble for bottom
trawding.

4. Diverging frants | Water flows in a different | The process enniches the nutrient supply, which
direcion fram the centre due | suppors the enhanced praduction,
to divarging currant |

10 Converging Two or more frons converge | Causes mechanical aggregation of resources and
fronts at one point. plankton, centra may be more productve. Can be

used for resource exploration.
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Generation of PFZ Maps

In the beginning of this technique, Sea Surface Temperature (SST) images were converted into
Negative Films and the films were optically zoomed using Optical Zoom Transferoscope to fit onto
the National Hydrographic Base Maps. The features were delineated on the base map using these
analog techniques and the same maps were used for the end use. With the advent of the digital
techniques available, INCOIS has started creating digital database for coastline, bathymetry, major
landing centres, light houses along the coastal states. The new base maps have been created
using the digital techniques which are a combination of overlaid coastline, bathymetry contours,
landing centres and light houses.

SST and Chlorophyll parameters have been retrieved from AVHRR and IRS P4 OCM using the
remote sensing and image processing techniques. SST has been obtained by the use of MCSST
algorithm and Chlorophyll with the use of Bio-Optical Algorithms like OC2. These retrieved
parameters have been subjected for various image processing techniques for image enhancement,
restoration, geometric correction, filtering, etc. From these SST and Chlorophyll images, the PFZ
Interpretation keys were identified on-screen the image and were overlaid onto the base maps.

For easy understanding of the fishermen community, these PFZ Maps were translated into multi-
lingual PFZ Text information which provides information about the PFZ Location viz. Bearing Angle,
Distance from the coast, Depth at the location and latitude & longitude information.
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Fig 3: PFZ Map Image and PFZ Text Sheet

Dissemination of IPFZ Advisories

These multi-lingual IPFZ advisories are being generated and disseminated during the non-ban
and non-monsoon period to the entire fishermen community situated all over the entire coast of
India and Islands under 12 sectors, viz. Gujarat, Maharashtra, Goa & Karnataka, Kerala, South
Tamilnadu, North Tamilnadu, South Andhra Pradesh, North Andhra Pradesh, Orissa & West Bengal,
Andaman Islands, Nicobar Islands and Lakshadweep Islands. To improve the coverage, advances
in Information and Communication Technology have been adapted.

PFZ Advisories were disseminated in 90's using the traditional ways by using Telephone and/ or
Fax. In the beginning of the 20’s, PFZ Advisories were also disseminated using the Internet/ website
and email as mode of communication. Later, with the state of art of technology available, INCOIS
has designed and installed Electronic Display Boards (EDB) at major fishing harbours which have
made significant impact in the delivery chain. These EDB’s have undergone to various changes
and leading towards the new Generation of EDB’s which facilitates dissemination of satellite pictures,
animations, short-films, ocean state information, disaster information and Disaster warning and
alert system in addition to the normal text information.
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Validation Experiments

Primary Objectives

@ To collect concurrent and quantitative feedback on the total catch (species-wise) obtained
in the notified and non-notified areas from the fishing boats operating in the region in a
common format. Also an analysis should be made on the reliability of forecast.

Secondary Objectives

@ Data Collection on Oceanographic/Biological Parameters

(o]

(0]
(0]

Physical Oceanographic data could be obtained from alternate sources viz. by
coordinating the cruises of other research vessels in the area, etc.

Length Frequency Analysis

Gut Content Analysis to study the food and feeding habits as well as Prey-Predator
relationships.

Methodology adopted for validation of PFZ Advisories:

@ To conduct validation exercises by hiring a commercial fishing vessel, in order to obtain
concurrent and quantitative feedback on the total catch (species-wise) obtained in the
notified and non-notified areas. A representative could be sent onboard the hired vessel.

@ Collect feedback data in a common feedback format (Annexure 1) for carrying out further
guantitative and qualitative analysis.

@ To carry out downstream dissemination of PFZ advisories to the fisher-folk on a regular
basis and to increase the awareness among the fishing community by conducting group
discussions/ awareness campaigns.

@ Estimation of the benefits of PFZ advisories by means of calculating the reduction in
searching time, saving of fuel and CPUE and generation of Reports
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Fig 4: SST based PFZ Forecast issued on December 15, 2006
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Table 2: Quantitative Results of the Simultaneous fishing operations made Using Fig 6

Date of Fishing: December 16, 2006

Details (Experiment in Kerala) PFz Non PFZ
Name of the Boat MRR-8 MRR-10
Type of Boat Mech. Ring Seine Mech. Ring Seine
Duration of Total Trip 9 Hrs 30 Min 7 Hrs 15 Min
Number of fishing hours 01 01
Number of Hauls 01 01
Number of Fishermen Engaged 37 36
Total Catch (Kgs) 7200 1800
Major Species Caught Carangids Carangids
Approximate cost of total catch (Rs) (@ 50 Rs/Kg) 3, 60, 000 90, 000
Total Expenditure in Fishing Operation (Rs) 77, 600 21, 440
(Fuel: 5, 400) (Fuel: 3, 240)
(Wage:72, 000) (Wage:9, 000)
Net Profit 2, 82, 400 68, 560

Results of IPFZ Advisories

1.

PFZ advisories generated from satellite retrieved SST and Chlorophyll were found more
beneficial to artisanal, motorised and small mechanised sector fishermen engaged in pelagic
fishing activities such as ring seining, gill netting etc., thereby reducing the searching time
which in turn result in the saving of valuable fuel oil and also human effort.

Reduction in searching time was found to be 60-70% for oil sardine shoals in ring seining
with 30-40% reduction reported for mackerel, anchovy, tuna and carangid shoals in ring
seining operations.

From the quantitative results of the fishing operations done by identical vessels
simultaneously within and outside PFZ area, it was concluded that the average income
received by vessels operated in the PFZ areas were considerably higher than vessels
operated in non PFZ areas. Fishing expenses were also comparatively less for vessels
which operated within PFZ.

The catch within the PFZ area gave more CPUE and net profit compared to the results of
operations in the non PFZ areas.

In PFZ Areas, commercially importance species are more abundant and supports richer
fishes compared to the non-PFZ Areas.

Fishing operations undertaken on or closer to dates on which related SST/chlorophyll
imageries have been received yielded positive results. When the gap increases the yield
within PFZ is likely to come down unless the features remain more or less in the same
location as revealed by the succeeding satellite imagery.

The Gut content analysis of Rastregiller and Decapterus species revealed predominant
presence of Copepod. Crustacean larvae and other small fishes were also seen in the
Rastregiller where as some small fishes were seen in Decapterus species.

References:
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17. OCEAN OBSERVATION AND MODELING FOR REALIZING OPERATIONAL
OCEANOGRAPHY

Dr M.Ravichandran
Indian National Centre for Ocean Information Services (INCOIS),
Ministry of Earth Sciences, Hyderabad, India

1.0 Introduction

The sea contains 96% of the Earth’s water - the atmosphere holds .001% and the other 4% is mostly
ice. The budget of water and heat are closely linked since evaporation requires a large amount of heat
and precipitation releases it. Hence, for example, the Indian Ocean stores heat that is transferred to the
atmosphere and then released by monsoon rainfall. The circulation and transport of heat in the Indian
Ocean is unique in many ways, compared to the Pacific and the Atlantic. The Asian landmass blocks
the ocean in the North so that currents cannot carry tropical heat to higher latitude as the Atlantic and
Pacific do. Also, this is the only ocean wherein the heat and mass are transported from/to Pacific via
Indonesian throughflow. The mass and heat transport are highly variable in time. Till the recently it was
generally perceived that the influence of the Indian Ocean on climate variability limits to the monsoons.
But this view changed recently, particularly since 1997, with new evidence indicating the important
climatic role of Indian Ocean sea surface temperature (SST) on the Indian Ocean as well on the other
parts of the globe. Hence Indian Ocean plays a unique role in the variation of regional and global
climate systems. The societal and economic impacts of these climate variations affect the lives of
nearly two-thirds of the world’'s population. The benefit to be derived from describing, understanding
and predicting the coupled ocean-atmosphere behaviour in this region is potentially huge, but limited at
the present time by a lack of observational data on the ocean. The international oceanographic and
meteorological community recognized the imperative need for enhancing ocean predictability and well
designed and sustained operational ocean observations to enable this. The natural sequel to this
recognition was mounting of a number of national efforts, with some of them sponsored and coordinated
internationally, with significant components of ocean sciences, ocean observations, operational
oceanography and marine meteorology.

Ocean observation systems consists of (a) in-situ measurements (using sensors mounted on ships,
buoys, moorings, coastal stations) to capture changes in time and depth at specific points or tracks and
(b) remote sensing systems (satellites, aircraft, radar, etc) to capture the spatial and temporal variations,
synoptically, as ramified at the surface and sub-surface. The high variability of the Asian monsoon
brings frequent floods and droughts in the region. To understand this variability, it is necessary to
understand the behavior of ocean-atmosphere system as a single entity. Compared to the Atlantic and
Pacific Oceans, the Indian Ocean lacks systematic observations that are essential for the understanding
of oceanic processes and their impact on the variability of Asian monsoon. Hence, sustained, systematic,

basin-scale observations measuring key Ocean and atmospheric variables are required for improving
our understanding of the ocean-atmosphere system and to enhance the predictive capability.

The major science issues to be considered while planning the ocean observations in the Indian Ocean
are the following:

i) Seasonal and intra-seasonal monsoon variability

ii) Indian Ocean circulation and pathways of heat and salt

iii) Indian Ocean dipole and EI-Nino Southern Oscillation

iv) Warming trends in the Indian Ocean

V) Shallow overturning cells also known as cross equatorial cells
Vi) Deep meridional overturning cells

Vii) Indonesian throughflow

Viii) Bio-geo-chemical cycling
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In addition, the planned observations should also encompass the oceanic parameters required for the
fisheries (maps of SST, mixed layer depth, chlorophyll, etc.), safe navigation (waves, tides, currents,
etc.) and protection of marine environment.

2. Integrated Ocean Observing System

The key oceanographic parameters required for the climate studies are sea surface temperature, sea
surface salinity, surface wind vectors, sea level, surface flux of heat and mass, sea ice, surface waves,
surface carbon flux, upper ocean temperature and salinity profiles and ocean currents. No single system
shall be able to observe all the parameters. Hence an integrated observing system comprising mooring
arrays (subsurface temperature, salinity and currents), Argo floats (sub surface temperature, salinity,
dissolved oxygen (in few cases), moored buoys (sea surface temperature, surface winds, atmospheric
fluxes, precipitation, etc.), drifting buoys (air pressure, sea surface temperature), sea level stations on
coast and deep sea, expendable bathythermographs (XBT) along ship routes, has been implemented
partly. These in-situ observation systems capture changes in time at several depth levels at specific
locations or tracks.

Satellite remote sensing systems provide the spatial and temporal variations, synoptically, as ramified
at the surface. An intelligent fusion, analysis and synthesis of these observations enable us to generate
the necessary information on the physical, chemical, biological and geological state of the ocean at
larger spatial and temporal scales. Availability of such information, in near-real-time in most cases, is
essential for spatial analysis, decision support systems and for forcing models that lead to climate
predictability both at short and long time scales. India has made significant progress in ocean observing
systems, with a mix of in-situ platforms and satellite systems and concomitant capability in retrieval of
data, use of models, generation of value-added services and advisories in specific areas.

However, considering the stupendous nature of the task, it is not be possible for a single nation to
sustain such an observing system. The natural sequel to this recognition was mounting of a number of
national efforts, with some of them sponsored and coordinated internationally, with significant components
of ocean sciences, ocean observations, operational oceanography and marine meteorology.

2.1. Tide Gauge Network

Survey of India has a long history of over 125 years (since 1877) of maintaining tidal data generated
from the tide gauge network along the Indian Coast and Islands. The importance of sea level
information, whether historical, real-time, or as forecasts, on all energy-, space-, and time-scales, is
very widely understood. The most reliable external information on the stability of the sea-surface height
measurement was afforded by the global tide-gauge network. Unnikrishnan and Shankar (2007)
estimated the sea level rise in the North Indian coast between between 1.06—1.75 mm yr'?, with a
regional average of 1.29 mm yr'! and these estimate is consistent with global sea level rise estimates
reported by IPCC. The real time data are useful for calibrating the satellite altimeters as well as for the
identification and forecasts of tsunami events. After 2004 Indian Ocean Tsunami, India established 36
automated tide gauges to receive real time measurements of sea level changes for the purposes of
tsunami warning(Fig. 1).

2.2. Drifting buoy

The drifting buoy, attached with a 7 m long holey-sock drogue, was designed to track the mean
current in the top 15 m water column. It uses the Argos satellite tracking system for location and
data transmission. A dimensionally-stable drogue, designed to perform well under adverse conditions
guides the buoy to follow the ocean currents rather than the sea surface winds and waves. The
drifters deployed by India are shown in Fig. 1.

The drifting buoy provides the resultant current arising from Ekman and geostrophic apart from the
measurement of sea surface atmospheric pressure and sea surface temperature. The key application
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of surface drifter data is reduction of the bias error in satellite SST measurements, mapping large scale
surface currents and identifying their role in heat transports and the generation of SST patterns and
variability. These data are also used for improving the surface current climatology (Shenoi et.al ,1999)
and to trace the seasonal pathways of freshwater plumes (Sengupta, et.al, 2006).

Figure 1 Locations of moored buoys, current meter moorings, Argo floats, Tide gauge
stations and drifting buoys established and maintained by Ministry of Earth Sciences,
India. White line in the figure shows the high density XBT line.

2.3. Current meter mooring

India has deployed three current meter moorings along the equator (Fig. 1), measuring the currents
simultaneously at different levels since March 2002 in the Eastern Equatorial Indian Ocean (EEIO) (76°
E, 83° E and 93° E). An additional mooring at equator, 64°E will be deployed soon. These moorings
have been providing direct current measurements in the equatorial Indian Ocean to document the
seasonal and inter-annual variability of currents in the water column and also the impact of El Nino
Southern Oscillation and Indian Dipole mode events on the upper ocean currents variability. These
direct current measurements when supplemented with the upper ocean measurements of temperature,
salinity and Lowered acoustic Doppler current meter (LADCP) currents would lead to a comprehensive
understanding of the dynamics of the equatorial as well as the northern Indian Ocean.

Conductivity, Temperature and Depths (CTD) measure temperature and salinity at the top of the mooring
and the other closer to the bottom. Further the measurements of temperature, salinity and currents
below the thermocline would enhance our understanding of the variability in the water mass structure
of the EEIO and the impact of the ‘Meridional Overturning’. The data on currents would also be used to
validate the Ocean General Circulation Model (OGCM) simulations. The long-term measurements of
currents at the equator, 93°E mooring location in the eastern equatorial Indian Ocean revealed the
presence of high frequency intraseasonal variability of period 10-20 day period (biweekly) in the meridional
currents (Murty et al., 2002). The zonal velocity is dominantly the low frequency semi-annual variation
with superimposed intraseasonal variability (~40-60 day period). The observed currents are compared
with the simulations from an Ocean General Circulation Model (OGCM) and shows a good comparison
of 10-20 day biweekly period both from observations and model simulations (Sengupta et al., 2004).

In addition, the data from these moorings are essential to monitor the heat and mass transports and
budget them regularly. Thus the time series stations for the marine meteorological, surface-ocean and
sub-surface parameters are paramount importance to understand the temporal variability of the climate
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2.4. Expandable bathy thermograph (XBT) observations

XBT operations are relatively easy, can be operated even when the ship is steaming at its full speed
and even in rough weather conditions. In addition, these are cost effective. XBT measurements have
been continuing since 1990. XBT provides upper ocean temperature profiles up to a depth of 760 m
along the selected shipping lanes in the seas around India at bimonthly intervals. It explores the
linkages between upper ocean heat content variability and Indian monsoon / cyclone activity. Further,
since 2003, new XBT lines are being operated in the Kochi-Kavarati route in the Lakshadweep Sea to
understand the southeastern Arabian Sea warm pool dynamics. These long term measurements will
help in understanding the evolving state of the upper ocean thermal structure in the North Indian
Ocean. The data from the XBT transects in the Bay of Bengal collected during 1990 to 2009 shows
interannual variations both at the surface and sub-surface. Both surface and sub-surface temperature
anomaly shows a warming trend in the Bay of Bengal (Gopalakrishna, 2009, Personal communication).
Also, these data are useful to understand the interannual variability of thermal inversions (Gopalakrisha
et al, 2009) and anomalous upwelling during the monsoon season (Gopalakrishan, et al, 2008).

2.5. Moored data buoy

Real time monitoring of meteorological and oceanographic parameters over the Indian seas for
oceanographic research including monitoring short and long-term climatic changes is important. A
number of in-situ observation platforms to acquire ocean parameters on a real time basis from the seas
around India have been established in 1999. The data from these moored buoys helped to understand
the dynamics of coastal currents and upper ocean thermo-haline structure in addition to the data on
surface atmospheric parameters like air temperature, wind speed and direction, atmospheric pressure,
short wave flux, humidity etc. The in-situ data obtained from moored buoys and the validated satellite
data are useful for the assimilation in ocean models for better representation of ocean structure in the
North Indian Ocean (past, present and future state of ocean at different temporal and spatial resolutions).
The moored buoy observing system covers coasts, shelves, slopes and the blue-water regions of the
whole Bay of Bengal and the Eastern Arabian Sea. The buoy provides real time information about the
air temperature, air pressure, winds, waves, currents, sea surface temperature, salinity, etc once in 3
hours. Efforts have been initiated to establish a long-term mooring in the northern Bay of Bengal (BoB)
to monitor sub surface temperature, currents and salinity profile including marine meteorological
parameters. This BoB observatory shall help in validating models of regional climate variation and
change. Premkumar et.al (1999), Sengupta and Ravichandran (2001), Bhat etal (2001), Rajesh et.al
(2005) and Joseph et.al (2005) demonstrated the usefulness of the buoy data and stressed the
importance of the long term measurements for climate in general and monsoons in particular.

2.6. Argo profiling floats

The Argo “Oceanographic radiosonde” is a revolutionary concept that enhances the real time capability
for the measurement of temperature and salinity through the upper 2000 m. Following the geostrophic
principles, it contributes to the global description of the variability of the upper ocean thermo-haline
structure and circulation on seasonal and inter-annual time scales. Under a unique, internationally
coordinated efforts, a global array of about 3000 floats at a spatial resolution of 3°x3° grids have been
established in 2002. The data from these floats have helped to study the state of the upper ocean and
the patterns of ocean climate variability, including heat and freshwater storage and transport.

The combination of Argo and satellite altimetry has enabled a new generation of applications.
Global maps of sea level, on time scales of weeks to several years, have been interpreted with full
knowledge of the upper ocean stratification. Global Ocean and climate models can be initialized,
tested and constrained with a level of information hitherto not available. The drift estimates from
such an array would in addition provide useful estimates of deep pressure fields (reference level).
Applications of Argo data are numerous and varied, including initialization of ENSO forecast models,
initialization of short-range ocean forecasts, routine production of high-quality global ocean analyses,
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and studies of predictability on inter-annual and decadal time scales. Total sea level from altimeter,
upper ocean steric height from Argo array, and ocean mass variations from GRACE gravity mission
will help in closing the sea level budget ((Leuliette, and Miller, 2009).

India has deployed 172 floats in the Indian Ocean and 91 floats are active. The data provide information
of the subsurface mean ocean conditions in several data-sparse regions. Though Argo observations
are intended for studying seasonal to climate time scale phenomena, there are many new insights has
come out by different authors in shorter time scales in the Indian Ocean region.

Ravichandran et.al, 2004 have demonstrated the usefulness of these observations for different
applications. Contrary to the general belief that a stronger Indian summer monsoon causes larger
summer cooling and leaves behind a cooler Arabian Sea, Vinayachandran (2004) find that the Arabian
Sea was warmer during 2003 summer (hormal monsoon) than during 2002 (weak monsoon). Also,
these observations enabled to understand the upper ocean variability of Arabian sea, temporal variability
of the core-depth of Arabian Sea High Salinity Water mass (ASHSW) and the causative effect of the
same was brought out by Sudheer and Freeland (2005), buoyancy flux variations and its role in air sea
interaction (Anitha et.al, 2008), identifying the Observed low-salinity plume off Gulf of Khambhat, India,
during post-monsoon period, mixed layer variability of western Arabian Sea (Bhaskar et al, 2006), and
seasonal variability of the observed barrier layer (Thadathil, etal 2008). The importance of upper ocean
temperature and salinity during cyclone has brought out by McPhaden et.al (2009a).

Argo profiles reveal a pronounced up-westward propagation of subsurface warming in the southern
tropical Indian Ocean associated with Rossby waves traveling on the sloping thermocline (Chowdary
et.al 2009). Using Argo and satellite observations, Vinayachandran and Saji ( 2008) found intense
cooling of the sea surface at intraseasonal time scales in the southern tropical Indian Ocean during
austral summer. Argo data sets provided an opportunity to explore the usefulness of the coupled
assimilation for seasonal forecasts on the passage of intra seasonal waves over the subsurface global
oceans (Krishnamurty eta al, 2006). The results suggest that the inclusion of subsurface ARGO profiler
data sets can be useful for prediction of the intraseasonal waves in the atmosphere/ oceans and hold
the promise for the improved seasonal outlook projections for the active and break monsoon.

3.IndOOS

CLIVAR (Climate Variability panel) and IOGOOS (Global ocean observing system for Indian Ocean)
have identified the need for an observing system in the Indian Ocean. The Panel consolidates the
activity and resources of many operational and research agencies in the Indian Ocean rim-nations,
and in partner-nations outside the region. Implementing a basin wide system is too large for any one
nation or agency. Agreement to use the available resources in a coordinated and cost-effective way is
an essential part of achieving the full implementation. The basin wide system thus conceptualized and
implemented in the Indian Ocean consists of observation platforms based on satellites as well as in
situ. While the satellite provide the observations of oceanic surface properties, the in situ observations
provide the complementary subsurface information on the vertical structure of ocean.

Indian Ocean Observing system (IndOOS) is a multi-platform long-term observing system, which consists
of Argo floats, surface drifting buoys, tide gauges, a surface moored buoy arrays, current meter arrays,
VOS based XBT/XCTD sections, and satellite measurements (International CLIVAR Project Office,
2006). The Research Moored Array for African-Asian-Australian Monsoon Analysis and Prediction
(RAMA), a moored buoy network to address the outstanding scientific questions related to Indian
Ocean variability and the monsoon is described in McPhaden et.al (2009b). The resources for
IndOOS come from diverse national and international bodies. The system is designed to provide high-
frequency, near real-time climate-related observations, serving the needs of the intra-seasonal, inter-
annual and even decadal time-scale climate studies and climate services in many national meteorological
agencies.
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Oceanic variability associated with climate has a very large range of time- and space-scales, so we
have to recognize that no individual type of measurement can provide all of the necessary data. For
example, a fully implemented Argo array as presently planned cannot resolve the eddy variability in the
ocean, but combined with satellite altimetry it can. Similarly the Argo array cannot resolve the upper
ocean dynamics of intraseasonal variability in the ocean. However, it is expected that the combination
of a basin scale mooring array, Argo floats and satellite observations will resolve enough of the variability
to make progress in understanding and predicting these phenomena.

Some of the in situ measurements like tide gauges, XBT'’s, surface drifters, Argo floats and few moored
buoys existed in the Indian Ocean as part of GOOS and GCOS.prior to the formation Indoos.
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Figure 2. Indian Ocean Integrated Observing System

4. Ocean modeling —towards realizing operational Oceanography

India has mounted large number of in-situ observation platforms to monitor the ocean for the variety of
applications including climate parameters. Apart from the above in-situ observations, there are large
numbers of satellites system provides data and provide the synoptic picture of different variables.
Effective utilization of these data is paramount importance to understand the climate variability and
future prediction. While many of the observing elements are already in place, several are still in the
planning stage. It is impossible to measure different oceanic parameters for different temporal and
spatial scales to understand the dynamics and thermodynamics of the ocean. Hence we need to use
modeling tools to map the heat and mass transport between the oceans at different temporal scales.
The most significant challenge lies in use of state of the art computers to produce advanced numerical
models that can assimilate and integrate data from both oceans based and space based measuring
systems and accurately simulate the behavior of the oceans to improve our understanding and prediction
of weather and climate.

Global climate modelling is one of the grand challenges of computational science, and ocean modelling
plays an important role in both understanding the current climatic conditions and predicting the future
climate change. Three-dimensional time-dependent ocean general circulation models (OGCMs) require
alarge amount of memory and processing time to run realistic simulations. Recent advances in computing
hardware have dramatically propelled the prospect of studying the global climate. The significant
computational resources of massively parallel supercomputers promise to make such studies feasible.
In addition to using advanced hardware, designing and implementing a well-optimized parallel ocean
code will significantly improve the computational performance and reduce the total time to complete
these studies.
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Operational oceanography has lagged far behind atmospheric modelling because of two major
complications. First, oceanic space and time scales are much different than those of the atmosphere.
Ocean eddies are typically 100 km in diameter, which makes them 20 to 30 times smaller than comparable
atmospheric highs and lows. As a result, approximately four orders of magnitude more computer time
and three orders of magnitude more computer memory are required. Second, unlike the meteorological
radiosonde network that provides initial conditions from the surface to near the top of the atmosphere,
there are few observations below the ocean surface at the synoptic time scale. Thus, effective oceanic
data assimilative technigques are limited to surface satellite observations, which were not available until
the 1990s. One advantage ocean prediction enjoys is that forecast skill for many ocean features,
including ocean eddies and the meandering of ocean currents and fronts, is longer than the 10 to 14
day limit for atmospheric pressure systems.

Climate models are computationally intensive because of lots of stuff to calculate, but this computational
burden has other causes. Fundamental cause is that interesting climate change simulations are century
scale. Time steps are limited by stability criterion to minute scale (A lot of minutes in a century). High
resolution Ocean model (1/12°) has 608 million grid cells needs 60 Gbyte storage with 40 x 1015
floating point operations/model year and produces a 20 Gbyte data set every 3 model days. Acomparative
climate model with ocean, atmosphere and land sub-models needs about twice the resources. For
research, climate modelers need up to 32 runs, each of 200 years. Oceanographers have a similar
requirement of approximately 2.6 x 10% Floating point operations, ie., approximately 3 months of a 100
Tflop computer.

INCOIS s striving to understand the ocean dynamics and thermodynamics of Indian Ocean using
models for prediction of future oceanic conditions (intra seasonal, seasonal, annual, decadal, etc.,). In
order to achieve this, the following four modules are aimed during the near few years.

1. Ocean Modelling with Data Assimilation for providing description of past, present & future state
of Ocean at appropriate spatial & temporal resolutions.

The planisto (a) assemble long-term climatic data sets to describe past states and time-series
showing trends and changes (Hindcast), (b) provide a description of the present state of the
sea, including marine living resources with optimal accuracy (Nowcast) and (c) develop efficient
data assimilation technique in the model to provide a description of the future condition of the
sea as far ahead as possible (Forecast)

2. Contribute to Weather/Monsoon/Climate forecast by providing forcing for Atmospheric Models

Daily, monthly and seasonal thermo-haline field from Ocean model will help in forcing
atmospheric model in order to predict weather, monsoon and climate. Hourly fields for a specific
domain required for forcing meso-scale model for predicting cyclone intensity and track, and
decadal thermohaline fields will help for long term monitoring of climate and its change.

3. Understanding the variability of Ocean & Marine environment

Observing system will ever be so intensive that a mere contouring of the data would present a
usable product for most customers, since every user tends to need very local site-specific
information. By assimilating new data into numerical models, whenever possible and generating
products based on the diagnostics and predictions of the models, Numerical model will deliver
high quality information whilst keeping observation costs within practical limits.

The data acquired from ocean observations will be used in a wide range of ocean models to
summarize the best quantitative understanding of different processes operating in the oceans
and their interactions. Since the models are the most concise and complete representation
about state of knowledge on ocean processes, they will serve as a link between observations
and advance its ability to predict future ocean conditions
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4. Simulation experiment to optimize the observation system

Modeling is required to understand where and what frequency the sensors and platforms are
required to deploy to capture better spatial and temporal sampling to resolve scientific objective.
This simulation experiments will also help in cost-benefit analysis for limited observations for
optimal ways in a realistic budget. Though the ocean will always be under sampled, Models
containing a proper representation of the ocean with assimilating data can supplement and
extend observational data that are necessarily limited in space or time.
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1. INTRODUCTION

The Indian National Centre for Ocean Information (INCOIS) has been playing a key role in the
Indian Ocean by providing ocean data, information and advisory services to society, industry,
government and scientific community through sustained ocean observations and constant
improvements through systematic and focused research in ocean data, information management
and ocean modelling.

The observations from the oceans are the backbone for any kind of operational services (potential
fishing zone advisory services, ocean state forecast, storm surges, cyclones, monsoon variability,
tsunami etc.), research and development including validation of satellite sensors and parameterizing
key processes for models and verifying model simulations. In order to provide a variety of operational
services, a network of in-situ ocean observing systems particularly the cutting edge technology
such as Argo floats and other observational platforms, viz. drifting buoys, XBT surveys, current
meter mooring array, moored buoys, tide gauges, bottom pressure recorders, coastal radars were
established in the Indian Ocean. The data received from these observing systems is vital for
developing robust ocean and coastal forecasting system.

INCOIS, being the central repository for marine data in the country, receives voluminous
oceanographic data in real time, from the network of in-situ and remote sensing observing systems.
In addition, a large amount of historical data has been obtained from the web and other sources for
various in-house studies and modelling activities. Availability of ocean data in real-time is essential
for spatial analysis and decision support system to provide ocean information and advisory services
and forcing models that lead to climate predictability, both short-term and long-term. Further, with
the vast amount of data available, Ocean models could be fruitfully utilized to undertake need
based user projects for coastal and offshore applications.

Apart from serving as a national repository of marine data, the INCOIS has been designated as the
National Oceanographic Data Centre (NODC) by the International Oceanographic Data and
Information Exchange (IODE) Programme of Intergovernmental Oceanographic Commission (I0C).
Further, as part of the International Argo Programme, INCOIS serves as the National and Regional
Argo Data Centre for India and the Indian Ocean, respectively.

The objectives of the data centre at national and regional levels are acquisition, processing,
guality control, inventory, archival and dissemination of data and data products in accordance
with national responsibilities and also responsible for international data exchange. Finally,
exploitation of the advancements in the web and geospatial technology for providing data and
information services in real-time forms crucial part in the ocean data and information system.

2. Ocean data and information system
The Ocean Data and Information System (ODIS) is a one stop shop for providing data and
information on physical, chemical and biological parameters of ocean and coasts on various spatial

and temporal domains that is vital for both research and operational oceanography. It is an end-to-
end ocean data management system, developed by exploiting the advances in the field of information
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and communication technology that brought revolutionary changes in data acquisition, process-
ing, analysis and data availability at a click away. ODIS is fed by voluminous (~5 Tb per year) and
highly heterogeneous oceanographic data in real time, acquired from the Ocean Observing Sys-
tems (both in-situ and remote sensing) established in the Indian Ocean. The ODIS is also sup-
ported by the data received from both the in-situ platforms and satellites, Global Telecommunica-
tion System (GTS), projects/experiments, data from other sources and the data exclusively re-
trieved for the Indian Ocean from historical data sets.
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Figure 1. Elements of the Ocean Data and Information System and the Data Flow

Strong organizational arrangements are in place with all the agencies involved in ocean observational
programmes to ensure the real-time data flow to ODIS. We plan to strengthen the system with the
data generated from a chain of designated Marine Data Centres, academia, etc. by networking
and enabling them on the INCOIS web-site with appropriate access privileges. Further, we have
active collaboration with IODE, Indian Ocean Global Ocean Observation System (I0GOOS) and
Open Geospatial Consortium (OGC) programmes on data and information management related
activities. The total estimated data flow from both the in-situ and remote sensing satellites is
estimated about 5 Tb per year.

Platform/Instrument Parameters
Argo Floats Temperature and Salinity Profiles up to 2000 m
Moored Buoys Air Pressure, Air Temperature, Wind Speed and

Direction, Water Temperature, Significant Wave Height,
Wave Direction, Current Speed and Direction

Drifting Buoy Sea Surface Temperature, Air Temperature, Barometric
Pressure, Sea Surface Currents

Current Meter Data from

the Equatorial Current Current vector

Meter Mooring Arrays

Tide Gauges Sea Level

Bottom Pressure Recorders Water Column Height

XBT Observations Temperature Profiles up to 760 m

Table 1. In-situ Ocean Observing System and the parameters measured

A sophisticated communication system was deployed to receive data from the in-situ platforms in
real-time. The in-situ platforms and the parameters measured are listed in the Table 1.

The Satellite Data Acquisition and Processing System (SDAPS) was setup to receive remote sensing
data in real time from NOAA (17 and 18), Terra and Aqua Satellites to meet the operational data
requirements of Potential Fishing Zone advisory services and Indian Argo Project.

119



Sensor/Satellite Parameters

AVHRR- NOAA (17 and 18) Sea Surface Temperature

MODIS - Terra and Aqua SST and Chlorophyll(Other
atmospheric and ocean parameters
are generated on request)

Table 2. Remote sensing data received from the satellites in real-time at SDAPS

The data received from various observing systems in real-time at different communication sys-
tems are assembled and standardized. The metadata was generated using the Marine Environ-
mental Data Inventory Software developed by the IOC (MEDI, 2002) for the Moored Buoy, Drifting
Buoy, Current Meter Mooring and XBT data sets. The metadata for the Argo floats are generated
as per the guidelines of the Argo Programme.

The data go through the quality control procedures for
each of the observing system separately as per the in-
ternationally adopted quality control procedures and
standards (NDBC, 2003; Hansen and Poulain, 1996).
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The quality controlled data then loaded to the data base Dita Services ¢
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Buoys are published on the web after the real-time
guality control checks. The data from the Tide Gauges,
Bottom Pressure Recorders and Seismic Stations are being used internally at Tsunami Early Warning
Centre for its operational activities. The data sets from the XBT surveys and Current Meter Mooring
Array are received in delayed mode and go through the same process before publishing on the
web. The entire process of reception, data processing, quality control, loading in to the database,
web publishing and also dissemination to the users for their operational activities was fully automated.
The Argo data after the QC are made available to the scientific community on the web-site with in
24 hours of the acquisition. The interactive web-interface for accessing and downloading the Argo
float data is discussed in the next chapter. Web-interfaces were developed for data discovery,
visualisation and transport of other data sets.

Figure 2. Data management flow chart

In addition to the data sets discussed above, large amount of data generated from various national
and international experiments, model outputs, reanalysis data sets and historical data sets extracted
exclusively for the Indian Ocean region as listed in the Table 3 are available with us. These data
sets are also being organised in to the database to build a comprehensive India Ocean Database.

Data sets Parameters Period

Simple Oceanographic Data Assimilation Currents, Temperature, Salinity  1955-2001

Joint Environmental Data Analysis Centre Temperature Profiles 1955-2004

National Centre for Environmental Prediction  Surface meteorology, Surface 1950-2005
fluxes

CMAP Rainfall 1979-2006

Altimeter Sea Surface Height Anomaly 1996-2007

T™I Sea Surface Temperature, 1997-2007
Rainfall, Wind Speed

Quickscat Wind Vector 1998-2007

SeaWifs Chlorophyll 1997-2005

Table 3. Other data holdings
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The main challenge in developing ODIS is managing highly heterogeneous and voluminous data
from a suite of in-situ platforms and remote sensing satellites, developing open standards and
addressing the interoperability issues for exchange of data. To meet these objectives and data
demands from wide spectrum of users, it is necessary to harmonize the data in standard formats,
apply quality control procedures, generate meta data and database, while adopting international
standards for seamless exchange of data and implementation of data warehousing and mining
concepts for providing web-based data services.

3. WEB-based Data services

The advent of internet technology facilitates the user with easy and faster access to the availability
of information at a mouse-click and the Geographical Information System (GIS) provides the
capability for storing and managing large amounts of spatial data. A Web-GIS system combines
the potential of both internet and GIS technologies enabling the users to access the geospatial
information and data via web-browsers without purchasing expensive, proprietary GIS software.
Data and map services are being implemented using Web-GIS. The growing number of research
publications and implementation of many common GIS software have proven the potential and
increased utility of Web-GIS (Dragicevic, 2004; Markstorm et al, 2002; Tsou 2004).

The web-based ocean data, information and advisory services viz. Potential Fishing Zone Mission,
Ocean State Forecast, Indian Argo Project were developed at INCOIS with Web-GIS technology.
The web-based multilingual on-line data and information delivery system with Web-GIS capability
enables the users to query, analyze, visualize and download ocean data, information and advisories
for their regions of interest. The system allows integration of large amount of data from different
sources and management.

Argo Float Data

Argo is a global array of free-drifting profiling floats that enable continuous monitoring of the
temperature, salinity, and velocity of the upper ocean up to 2000 m depth, with all data being
relayed and made publicly available within hours after collection. As part of the International Argo
Programme in the Indian Ocean, 168 floats were deployed by India and 817 floats were deployed
by various other countries.

The web-interface with Web-GIS features display the distribution and status of Argo floats deployed
by different countries in the Indian Ocean. The Web-GIS features also allow the users to see the
float information, selection of float by id and country, query with desired time, depth and parameters,
and download required data in ASCII format. It also provides tools for measuring distance among
the floats, selection of floats in group. The GIS layers include active floats, inactive floats, total
floats and trajectory of the floats. Regional Coordination of Argo float deployment in the Indian
Ocean is done through web-interface.

The Argo value added data products available on INCOIS Website are listed below.

Float-wise data products: Water Plot of Temperature, Water Plot of Salinity, Temperature vs.
Salinity Plot, Time Series Surface Temperature, Time Series Surface Salinity, Time Series Surface
Pressure, Time Series Bottom Pressure, Float Trajectory.

Monthly data products: Temperature, Salinity and Geostrophic Currents data products are
available at 0, 75, 100, 200, 500, 1000m depths, Mixed Layer Depth, Isothermal Layer Depth,
Depth of 20° Isotherm, Depth of 26° Isotherm, Heat Content, Dynamic Height, Sea Surface Height
Anomaly.
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Figure 3. Interactive Web-GIS page displaying distribution and status of Argo floats and
Argo data products

In-situ data from various observing system and remote sensing data products are made avail-

able on INCOIS web-site. Users can query, query, analyze, visualize and download ocean data
for their regions of interest.
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Figure 4. In-situ Data and Visualisation

|
I
é l

I
|
‘

(A

Figure. 5. Remote Sensing data products from AVHRR (NOAA) and MODIS (Aqua &
Terra) are published on INCOIS web-site

4. OPEN STANDARDS and interoperability

Open standards and interoperability are being widely used for the land based GIS applications
and now gaining wider acceptance in marine community. The recent international projects in ocean
sciences deals with compliance with open standards and interoperability for exchange of the data.

INCOIS joined the Ocean Science Interoperability (Ocean IE) Project evolved by the Open
Geospatial Consortium (OGC) (http://www.opengeospatial.org/projects/initiatives/oceansie), in its
early stages to play a major role in developing open standards and addressing the interoperability
issues. These developments certainly facilitate enormous potential for sharing oceanographic and
meteorological data with common standards for providing web-based and location based services.
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Live Access Server: The Live Access Server (LAS), a highly configurable web server designed to
provide flexible access to geo-referenced scientific data (http:/ferret.pmel.noaa.gov/ Ferret/LAS/).
LAS use the Open-source Project for a Network Data Access Protocol (OpenDAP) and Distributed
Ocean Data System (DODS) technology. The LAS allows the user to download and visualize data
using a simple graphical user interface.

LAS enable the data provider to (i) unify access to multiple types of data in a single interface, (ii)
create thematic data servers from distributed data sources, (iii) offer derived products on the fly (iv)
remedy metadata inadequacies (poorly self-describing data), (v) offer unique products (e.g.
visualization styles specialized for the data).

LAS enable the Web user to visualize data with on-the-fly graphics, request custom subsets of
variables in a choice of file formats, access background reference material about the data (metadata)
and compare variables from distributed locations.

The LAS was implemented at INCOIS to serve the gridded data products in net common data
format (netCDF) that is widely used by the oceanographic community. The LAS at INCOIS serves
the ocean scientific community with the data following data sets:

* ARGO Data Products: Temperature and Salinity at 20 levels — 10 Days and Monthly.

* Quickscat Daily Data Products: Meridional wind stress component, Wind stress curl,
Wind stress magnitude, Zonal wind stress component.

* Quickscat Monthly Data Products: Meridional wind speed component, Wind speed
module, Zonal wind speed component.

* Sea Surface Height Anomaly: 10 Day Composite.

¢ TMI 3 Day Composite Data Product: Sea Surface Temperature

¢ TMI Monthly Data Products: Atmospheric Water Vapour, Cloud Liquid Water, Rain
Rate, Sea Surface Temperature, Surface Wind Speed using 11 Ghz channel, Surface
Wind Speed using 37 Ghz channel.

¢ Levitus Climatology: Temperature and Salinity at 18 levels.

Figure 6. Gridded data products on INCOIS Live Access Server

The LAS is emerging as a promising web application for providing oceanographic data and
addressing open standards and interoperability issues.
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POLICY AND
MANAGEMENT

The protection of
marine and coastal
environments is now
an important task
globally. The
environmental health
and well-being of our
oceans and seas has
assumed a
prominence in recent
decades, attributed
largely to growing
scientific knowledge
and understanding;
the gradual
demystification of the
oceans and seas;
increased and
diversified uses of
the water masses;
the actual and
potential
environmental risks
of use; and
geopolitical realities

Among the major
responses to the
environmental
problems of marine
and coastal areas is
the establishment
and development of
appropriate legal and
institutional
mechanisms at the
international,
regional and national
levels




18. GEOSCIENCE AS A TOOL FOR MARINE MANAGEMENT: THE APPLICATION OF
BIOPHYSICAL DATA TO SUPPORT DECISION MAKING

Kristina Thygesen and Elaine Baker
UNEP/GRID Arendal

Background —the UNEP Shelf Programme

The UNEP Shelf Programme was established to assist developing States to comply with article 76
of the United Nations Convention on the Law of the Sea (UNCLOS). Article 76 sets out the definition
of the continental shelf and the criteria by which a coastal State may establish its outer limits — this
is the continental shelf beyond 200 M (Figure 1). Determining the outer limits requires analysis of
the depth and shape of the seafloor, and in some cases the thickness of the underlying sediment.

Figure 1. Light blue & EEZ; dark blue & area of Outer Continental Shelf - from submis-
sions currently lodged with the UNDOALOS); purple & Outer Continental Shelf - from
preliminary information documents submitted to UNDOALOS. From Continental Shelf
Ltd, UNEP/GRID-Arendal, in press.

The UNEP Shelf programme has been compiling geoscientific data (the “one stop data shop” —
OSDS, Figure 2) that can be used by states to determine seafloor morphology and the depth of
continental margin sediments. The data inventory is viewable on the web at http://
www.continentalshelf.org/onestopdatashop.aspx. For many developing states, putting together a
submission for the outer continental shelf beyond 200 M, has resulted in the first compilation of
national seabed data, a valuable resource that can be used for the development of marine man-
agement plans. Securing the outer limits of the continental shelf provides States with a legal
regime within which to manage the environment and resources. The continental shelf however, is
only one of a number of zones that constitute the marine jurisdiction of a coastal state (Figure 3).
Under UNCLOS all member States have the obligation to protect and preserve the marine environ-
ment. In particular, a coastal States’ sovereign rights to exploit resources in their national jurisdic-
tion, must be exercised consistent with their duty to protect and preserve the marine environment.
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Figure 2. The OSDS showing some of the Figure 3. Maritime zones and rights under the
data tracklines in the data inventory, 1982 United Nations Convention on the Law of
displayed on Google Earth. the Sea (UNCLOS) from Symonds et al 2009

States that ratified the United Nations Convention on Biodiversity (CBD), are bound by its articles
and associations. Article 8 of the Convention requires parties to establish marine protected areas
(MPAs) for the conservation and sustainable use of threatened species, habitats, living marine
resources and ecological processes. To protect biodiversity MPAs must be arranged in a network
to maximise the protection of ecosystems; ecosystem processes and ecosystem linkages or con-
nectivity. As illustrated in Figure 4, the progress towards both the CBD and the WPC (World Parks
Congress) targets for the establishment MPAs lags well behind the stated goals.
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Figure 4. Projection of the annual rate of increase (4.6%) of global marine area
protected between 1984 and 2006 and into the future, in relation to attainment of
marine protection targets adopted by the Convention on Biological Diversity (CBD)
and the World Parks Congress (WPC). From Woods et al 2008.

Marine and coastal habitats may be protected individually or through national or regional systems
of marine protected areas. Part of an MPASs success depends on the delineation and classification
of the target area. Geoscience information can be used to provide crucial supporting information to
characterize habitats and bioregions in order to inform managers of the diversity of major ecosys-
tems which may be represented in MPAs.
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Conserving benthic marine biodiversity

Managers need information to help them make decisions about human activities that affect the
oceans (e.g. Figure 5). Ecosystem based management requires planning and management to be
based on ecosystem boundaries, rather than political or jurisdictional boundaries. However our
knowledge of marine diversity and the distribution of marine biota is generally extremely patchy
(biological surveys uncover new species during every expedition). The lack of biological data is a
serious impediment to the management of the marine environment, however the use of physical
datasets can provide an alternative to the species—based approach to conservation. These datasets
include the morphology of the seafloor, water depth and sediment properties to name a few.
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Figure. 5. Page from the Norwegian seabed mapping programme Mareano website,
showing coral reefs (black dots) and oil production leases off the coast of Norway
(http://www.mareano.no).
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Habitat mapping

“Only a small proportion of the seabed can be observed or sampled and the complete cover-
age of habitats is inferred from the association between the physical habitat data and the
seabed samples so the final maps predict the distribution of seabed habitats. The physical
habitat factors act as a proxy for the biological habitat data” (MESH Guide to habitat mapping
http://www.searchmesh.net/).

Physical properties can be measured much more quickly and over greater areas than biological
data, providing a rapid assessment of marine ecosystems. Presently there are about 14 different
marine benthic habitat schemes available for use in characterizing deepwater and coastal (subtidal)
habitat types: ten developed for the United States, two for Europe, one for Canada, and one for
Australia (Greene et al, 2008).

To take one example that relies heavily on geoscientific data, the habitat mapping scheme used in
Australia is based on the national bioregionalisation (Department of Environment and Heritage,
2005; http://www.environment.gov.au/). It includes two parts, the benthic and the pelagic
regionalisation. The benthic (sea floor) component covers 80% of Australia’s Exclusive Economic
Zone (EEZ). Existing seabed bathymetry was used to produce a geomorphic features map of the
EEZ - water depth affects temperature, light, nutrients, energy regimes, and seabed sediment
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conditions—key drivers of marine biota, especially benthic biota. Atotal of 21 geomorphic feature
types were defined using a bathymetric model of the EEZ. Geomorphic features provide an important
predictor of species assemblages at a large scale. For example, on the slope different species live
on low-gradient terraces compared to those on the steep-walled submarine canyons.

The geomorphic features map was combined with data on demersal fish, sponges and sediments,
and oceanographic data to define bioregions, producing a suite of unique bioregions. Additional
data layers were added to make “seascapes” — which are used as a surrogate for species diversity
and distribution (Table 1 and Figure 6). This work resulted in geomorphic, bioregionalisation, and
seascape mapping on a regional scale.
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Figure 6. Seascapes represent a combina-
tion of different physical data that have an
identifiable and consistent relationship with
marine biota (Heap 2006).

Table 1. Data sets used in seascape analysis in
the Australian region (Heap 2006)

The scale of the management issue determines the mapping scale and the type of information
required. The broad scale of bioregionalisation for example, is perhaps best suited to broad is-
sues. It is considered a “bottom up” scheme as it is underpinned by the geological substrate, in
comparison to a “top down” classification, which might for example, be tied to the distribution of a
vulnerable species in a local area. In some cases knowing the geomorphology of the habitat will
provide adequate information, but in other cases it may not be detailed enough to provide the level
of classification required. In these cases combinations of biotic and physical data can be used to
subdivide broad areas that would be classified as a single habitat using geomorphology alone.

Greene et al (2008) described the critical elements for habitat mapping using geophysical

techniques as including at least the following:

* Depth, which in turn can be related to temperature, photic and non-photic zone, and physiog-
raphy (scale dependent)

« Substrate, which relates to refugia, foraging areas, reproduction/nesting places and anchoring
surface for sessile organisms

» Geomorphology, which relates to features such as canyons, rocky banks, reefs (scale
dependent)

* Slope, which relates to relief and steepness of the seafloor

» Complexity, which relates to the ruggedness or rugosity of the seafloor

« Currents, which affect the provision of nutrients, can play a role in the distribution of sediment
and the disturbance of habitat

* Biology, in terms of the synergy between geology and biology where encrusting and sessile
organisms can attach to hard substrate and infauna can burrow or bury into soft substrate.
Organisms can themselves form biological substrate under appropriate conditions.
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As we increase the number and range of human activities in the ocean, there is an increasing need
for spatially delineated benthic environments. Ecosystem based management requires that we
understand what lives where. On land we have seen the collapse of ecosystems and major spe-
cies loss. Geoscience is being used more and more in marine management. It has been demon-
strated that geomorphic features can be mapped easily and fairly cheaply and the resulting maps
can be used to characterise seafloor environments - which translate to broad scale seafloor habi-
tats. As noted by Heap and Harris (2008) geomorphology can be used to identify regions within
national jurisdiction that are distinctive or unique. When geomorphic maps are combined with
other physical and biological data sets to create seascapes, they can be used to map marine
biodiversity and distribution.

Lingcod, Sitka Pinnacles, Alaska — Alaska Department of Fish and Game groundfish project
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19. STATUS OF INTERNATIONAL ENVIRONMENTAL AGREEMENTS
ON THE COASTAL AND MARINE ENVIRONMENT
BY MEMBER COUNTRIES IN THE SOUTH ASIAN SEAS REGION

R. Venkatesan and Prasantha Dias Abeyegunawardene
South Asian Seas Programme, South Asia Co-operative Environment Programme
Colombo. Sri Lanka
dr.r.venkatesan@gmail.com

ABSTRACT

This paper focuses on outlining the global regime for protection of the marine and coastal
environment as contained in the primary global and regional instruments and an effort has been
made to compile the International Conventions / Treaties / Protocols signed, ratified or accessed
by the South Asian Seas (SAS) member countries. Many International agreements aiming at the
protection of the ocean and coastal marine environment have been negotiated providing the legal
basis for co-operation among the states on this subject. Collectively these Agreements form a
substantial and coherent regime for protection of the marine environment including, pollution from
sea-based activities; pollution from land-based activities; and sustainable use and protection of
living marine resources.

1.INTRODUCTION

Nations felt fortunate if their national boundaries were marked by bodies of water. Knowing that water
is not the natural habitat of humans, the nations, particularly with marine boundaries, felt a sense of
security because traversing the expanse of oceans would have been a daunting task. However, with
the progress of civilization, floating vessels appeared on the watery expanses and advances in marine
navigation and engineering transformed the vessels from wind dependent sailboats to steam propelled
ships. This, in turn, changed the role of oceans from the daunting barriers to the routes of marine trade.
Today, although the nations with expansive marine coast and harbours can be considered fortunate in
that they have easy access to global trade, they have also become the recipients of marine pollution
caused by marine traffic. Added to this, the implications of climate change for each coastal state vary
significantly, so each state requires independent assessment.

With the assistance of the United Nations Environment Programme (UNEP) in the development
and implementation of the International Environmental Instruments, States have begun to confront
the worsening state of the marine environment. The South Asian Seas Programme Action Plan for
the Protection and Management of the South Asian Seas Region was adopted at a Meeting of
Plenipotentiaries in New Delhi, India on 24 March 1995. National legislations and regulations for
the protection and development of marine and coastal resources should be harmonised whenever
international uniformity is required to meet the obligations of such legislation.

The ratification and implementation of existing international agreements concerning the prevention
and control of marine pollution and the protection of marine resources should be encouraged. The
International Environmental Agreements (IEA) Database developed by Ronald B. Mitchell under
the IEA Database Project, 2002 - 2009 which was funded by National Science Foundation, USA
and University of Oregon lists of over 900 multilaterals, 1500 bilaterals, and 250 environmental
agreements between governments and international organisations.

Hence, there is a need to develop an exclusive South Asian Seas data base on International
Marine Environmental Agreements. The objective is to compile and give this information to SAS
member countries and also this data base seeks to provide negotiators, treaty secretariats, scholars,
students, and interested citizens with a reliable list of all historic and current International treaties.
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2. ROLE OF UN
United Nations Environment Programme

The roots of the United Nations Environment Programme are found in the United Nations Conference
on the Human Environment held in Stockholm. 5 - 16 June 1972. The decision to concentrate on
ocean and coastal marine environments was also an outgrowth of the Stockholm Conference. The
Stockholm Conference in 1972 on the Human Environment was the spiritual father of the United Nations
Environment Programme. The Conference underlined the “vital importance” for humanity of the seas
and all the living organisms, which the oceans support. UNEP in its very First Governing Council
Sessionsin 1973 set the “Health of the Oceans” as one of its priority concerns. Even today this remains
as one of its major concerns. Among other activities, UNEP developed the Regional Seas Programme
in 1974 which concentrates on assessing and addressing marine environment problems.

Before 1972: The majority of environmental conventions related to the conservation of wildlife. A
pioneering convention in conservation terms was the 1968 African Convention on Conservation of
Nature and Natural Resources, Algiers. Also notable and considerably more successful is the
Ramsar Convention on Wetlands of International Importance, especially as Waterfowl Habitat,
which establishes a network of protected wetland areas in the territories of member states

After 1972: The years between 1972 and 1992 witnessed an astonishing increase in the number
and variety of international environmental law instruments. Much of this activity is directly attributable
to the Stockholm Conference. The United Nations Environment Programme (UNEP) was directly
responsible for the sponsoring of a number of key global environmental treaties. This period saw
the conclusion of a number of nature conservation treaties both at a global and regional level. At
the global level, particularly noteworthy are the 1972 UNESCO Convention Concerning the
Protection of the World Cultural and Natural Heritage, the 1973 Washington Convention on
International Trade in Endangered Species (CITES), the 1979 Bonn Convention on the Animals
and the 1985 Vienna Convention for the Protection of the Ozone Layer. At the regional level a large
number of treaties also came into force.

United Nations Conference on Environment and Development (UNCED)

Twenty years after the Stockholm Conference, a second major global environmental conference
was held in Rio de Janeiro, 1992. The United Nations Conference on Environment and Development
(UNCED) reviewed progress since the Stockholm Conference and adopted Agenda 21 as the
blueprint for global change into the next century. Sustainable development was endorsed as the
overall objective. UNCED reinvigorated the environmental movement both inside and out of the
United Nations system and Agenda 21 has become the touch stone for action.

The Chapter 17 of Agenda 21 focuses on protection of the oceans, all kinds of seas, including enclosed
and semi-enclosed seas, and coastal areas and the protection, rational use and development of their
living resources. The following programme areas were selected for concentration:

Integrated Management and Sustainable Development of Coastal Areas, including Exclusive
Economic Zones.

Marine Environmental Protection.

Sustainable Use and Conservation of Marine Living Resources of the High Seas;
Sustainable Use and Conservation of Marine Living Resources under National Jurisdiction;
Addressing Critical Uncertainties for the Management of Marine Environment and Climate
Change;

Strengthening International, including Regional, Co-operation and Co-ordination; and
Sustainable Development of Small Island Developing States.
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The outcome of the Earth Summit at Rio led to three very important Conventions that include the
Climate Change Convention (UNFCCC), the Biodiversity Convention (CBD) and the Convention
to Combat Desertification (UNCCD). Later in 1997, the Climate Change Convention was
supplemented by the Kyoto Protocol. The Cartagena Protocol on Biosafety to the Convention on
Biological Diversity came into force in 2000.

There are many different legal instruments which address marine environmental protection and
prescribe environmental standards to be applied. These instruments are a critical part of the overall
marine environment protection regime. The principle conventions dealing with the protection of the
marine environment are:

- 1969 Convention Relating to Intervention on the High Seas in Cases of Oil
Pollution Damage

- 1969 International Convention on Civil Liability for Oil Pollution Damage;

- 1971 Convention on the Establishment of an International Fund for Compensation
for QOil Pollution Damage

- 1972 International Convention on the Prevention of Marine Pollution from Dumping

of Wastes and Other Matter;
- 1973/ 78 International Convention for the Prevention of Pollution by Ships (MARPOL);
- 1982 United Nations Convention on the Law of the Sea (UNCLOS)
- 1990 International Convention on Oil Pollution Preparedness, Response and Co-
operation (OPRC); various Regional Seas Conventions and Protocols

It should be noted that these instruments operate alongside other international laws which also
generally assist with the protection of the marine environment, for example specialised instruments
on safety at sea such as the 1972 Convention on the International Regulations for Preventing
Collisions at Sea.

Various other environment conventions have a tangential effect on the marine and coastal
environment. These include the United Nations Convention on Climate Change (UNFCCC), the
Basel Convention on the Control of Transboundary Movement of Hazardous Wastes and Their
Disposal (Basel), the Vienna Convention for the Protection of the Ozone Layer and the Montreal
Protocol on Substances that Deplete the Ozone Layer (Ozone Convention and Montreal Protocol),
the Convention on Wetlands of International Importance Especially as Waterfowl Habitat (Ramsar),
the Convention on the Conservation of Migratory Species of Wild Animals (CMS), and various
Agreements under that Convention, the Convention on Conservation of Antarctic Marine Living
Resources and various Action Plans under the Regional Seas Programme including the Action
Plan for the South Asian Seas.

Finally, there are various “soft law” instruments that complete the marine and coastal environmental
protection regime. These include the 1995 Global Programme of Action for Protection of the Marine
Environment from Land-based Activities (GPA), Global Programme of Action for Marine Mammals
and the International Coral Reef Initiative.

United Nations Division for Ocean Affairs and the Law of the Sea (UNDOALOS)

UNDOALOS provides support to the organisations of the United Nations system to facilitate
consistency with the Convention of the instruments and programmes in their respective areas of
competence. Further provides States and intergovernmental organizations a range of legal and
technical services, such as information, advice and assistance as well as conducting research and
preparing studies, relating to the United Nations Convention on the Law of the Sea (UNCLOS), the
Agreement relating to the implementation of Part XI of UNCLOS and the Agreement for the
implementation of UNCLOS relating to the Conservation and Management of Straddling Fish Stocks
and Highly Migratory Fish Stocks (UN Fish Stocks Agreement) with a view to promoting a better
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understanding of UNCLOS and the implementing Agreements, their wider acceptance, uniform
and consistent application and effective implementation.

International Maritime Organization (IMO)

The International Maritime Organization (IMO) came into existence in 1958. Prior to its formation,
several important international conventions had already been developed, such as

The International Convention for the Safety of Life at Sea of 1948,
The International Convention for the Prevention of Pollution of the Sea by Oil of 1954 and
Treaties dealing with load lines and the prevention of collisions at sea.

Now IMO is responsible for nearly 50 international conventions and agreements and has adopted
numerous protocols and amendments. Contracting Parties have obligations to make notifications
on various matters to the IMO. Then IMO convenes consultative meetings of the parties to review
the implementation of the Convention, adopt amendments, promote regional co-operation, etc.
Periodic reviews and amendments of the Convention are made through the regular Consultative
Meetings. The Convention was amended in 1978. Under a tacit amendment procedure,
amendments to the annexes take effect for all parties within a certain time, unless they object
within 100 days. Under this procedure, the annexes have been amended several times

IMO Conventions The majority of conventions adopted under the auspices of IMO or for which
the Organisation is otherwise responsible, fall into three main categories.

The first group is concerned with maritime safety;
The second with the prevention of marine pollution; and

The third with liability and compensation, especially in relation to damage caused by
pollution. Outside these major groupings are a number of other conventions dealing with
facilitation, tonnage measurement, unlawful acts against shipping and salvage etc.,

Adopting Convention: IMO has six main bodies concerned with the adoption or implementation
of conventions. The Assembly and Council are the main organs and the committees involved are
the Maritime Safety Committee, Marine Environment Protection Committee, Legal Committee and
the Facilitation Committee. Developments in shipping and other related industries are discussed
by Member States in these bodies, and the need for a new convention or amendments to existing
conventions can be raised in any of them.

- Step 1 Normally the suggestion is first made in one of the committees, since these
meet more frequently than the main organs

- Step 2 If agreement is reached in the committee, the proposal goes to the Council and,
as necessary, to the Assembly

- Step 3 If the Assembly or the Council, as the case may be, gives the authorization to
proceed with the work, the committee concerned considers the matter in greater
detail and ultimately draws up a draft instrument. In some cases the subject may
be referred to a specialised sub-committee for detailed consideration.

- Step4  Work in the committees and sub-committees is undertaken by the
representatives of Member States of the Organisation. The views and advice of
intergovernmental and international non-governmental organisations which
have a working relationship with IMO are also welcomed in these bodies. For
example SASP/SACEP is a member of committee on BLG 13 sub committee to
formulate guidelines for the Biofouling - Invasive Alien Species

- Step5  The draft Convention which is agreed upon is reported to the Council and
Assembly with a recommendation that a conference be convened to consider
the draft for formal adoption.
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- Step 6 Invitations to attend such a conference are sent to all Member States of IMO
and also to all States which are members of the United Nations or any of its
specialised agencies. These Conferences are therefore truly global
conferences open to all Governments who would normally participate in a
United Nations Conference. Before the Conference opens, the draft
Convention is circulated to the invited Governments and organisations for
their comments. The draft Convention, together with the comments thereon
from Governments and interested organisations is then closely examined by
the Conference and necessary changes are made in order to produce a draft
acceptable to all or the majority of the Governments present.

- Step 7 The Convention thus agreed upon is then adopted by the Conference and
deposited with the Secretary-General who sends copies to Governments

- Step 8 The convention is opened for signature by States, usually for a period of 12
months. Signatories may ratify or accept the Convention while non-signatories
may accede.

- Step 9 The drafting and adoption of a convention in IMO can take several years to

complete although in some cases, where a quick response is required to deal
with an emergency situation, Governments have been willing to accelerate this
process considerably.

Fisheries and Agriculture Organization (FAO)

When FAO was founded in 1945, five countries from the Asia-Pacific Region were signatories to
FAQ'’s Charter — Australia, China, India, New Zealand and the Philippines and at present all the 5
SAS member countries are signatories.

Fish Stocks Agreement: In the early 1990s a consensus among states developed that the general
provisions requiring co-operation between states in the conservation and management of high
seas fisheries resources (Art. 117-120) needed strengthening. This lead to the 1995 Agreement
for the implementation of the provisions of the United Nations Convention on the Law of the Sea of
10 December 1982 relating to the conservation and management of straddling fish stocks and
highly migratory fish stocks (UN 1995), also known as the United Nations Fish Stocks Agreement.

FAO Code of Conduct for Responsible Fishing: A number of other multilateral agreements
further elaborate the evolving set of rules for the governance of fisheries. The Code of Conduct for
Responsible Fishing (1995) inter alia spells out flag state responsibilities for the activities of fishing
vessels flying its flag and seeks to advance management measures, by agreement among states,
that improve the optimal and sustainable use of fisheries resources. The Agreement to Promote
Compliance with International Conservation and Management Measures by Fishing Vessels on
the High Seas (Resolution 15/93) similarly builds on flag state responsibility for fishing vessels
flying its flag (Art. 1lI) and operating on the high seas.

Other significant agreements: Other important agreements which have significant implications
for the management of fisheries resources are the 1992 Biological Diversity Convention, the 1982
Convention on the Conservation of Antarctic Marine Living Resources, and the 1972 World Heritage
Convention. A range of other global and regional treaties exist which, in some cases, have a direct
bearing on the governance of the fisheries sector.

3. INTERNATIONAL ENVIRONMENTAL AGREEMENTS — SAS REGION

In the present study the International Environmental Agreements relevant to coastal and marine
environment in the South Asian Seas region are categorised into ocean, marine biodiversity, marine
pollution, fisheries, safety and intervention, civil liability and fund conventions and are presented
here
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3.1 OCEAN
United Nations Convention on the Law of the Sea 1982

In 1973, the Third UN Conference on the Law of the Sea was convened. The deliberations lasted
for nine years, and resulted in the 1982 Convention on the Law of the Sea. The 1982 Convention
was intended to provide a global constitution for the oceans. It entered into force on 16 November
1994. The 1982 Convention is of critical importance because it is increasingly regarded as a
constitutional document, which sets out the basic legal framework for the oceans. It is a major law-
making treaty, which has significance for all states, whether or not they are parties to it. All of the
global conventions covering specific areas, such as the IMO and UNEP Conventions, are generally
read subject to the 1982 Convention.

Subsequent documents of fundamental importance, such as Chapter 17 of Agenda 21, are also
read so as to be consistent with the 1982 Convention. The 1982 Convention is the strongest
comprehensive global environmental treaty in existence. It established for the first time a
comprehensive legal framework for the protection and preservation of the marine environment. It
is significant because it represents the first attempt to set out in a global convention a general
framework and structure for a legal regime which establishes the obligations, responsibilities and
powers of states in matters of marine environmental protection. Part Xl of the 1982 Convention
(articles 192 to 237) sets out state’s obligations with respect to the marine environment generally
and also their obligations with respect to the major sources of marine pollution.

General Provisions: Prior to the 1982 Convention states had the right to pass legislation to protect
and preserve the environment, but no clear duty to do so. The 1982 Convention represents a
major change because in Article 192 it places an affirmative obligation on states to take action to
preserve and protect the marine environment. Article 193 recognizes that although states have a
sovereign right to exploit their natural resources, they must do so pursuant to their environmental
policies and in accordance with their duty to protect and preserve the marine environment. To this
extent, the provision recognises that the sovereign right of states to exploit their natural resources
is subject to their obligations to protect and preserve the marine environment. Article 194 provides
that states shall take all measures consistent with the Convention to prevent, reduce and control
pollution of the marine environment from any source. It provides that states must use the best
practicable means at their disposal and in accordance with their capabilities. Nevertheless, states
are obliged to take all measures necessary to ensure that activities under their jurisdiction or
control are so conducted as not to cause damage by pollution to other states and their environment.

Global and Regional Co-operation: Section 2 of Part 12 is also significant because it specifically
provides that states have an obligation to co-operate on a global basis, or as appropriate, on a
regional basis. Article 197 provides that States shall co-operate directly or through competent
international organisations, in formulating and elaborating international rules, standards and
recommended practices and procedures for the protection and preservation of the marine
environment. Such co-operation must take into account regional features.

Monitoring and Environmental Assessment: The most significant provision of the 1982
Convention relating to environmental impact assessments is Article 206. It provides that when
states have reasonable grounds for believing that planned activities under their jurisdiction or
control may cause substantial pollution of or significant and harmful changes to the environment,
they shall, as far as practicable, assess the potential effects of such activities on the marine
environment.

Pollution from the various sources: The 1982 Convention represents an important advance
over the prior law because it addresses all of the sources of marine pollution. It contains detailed
provisions on vessel source pollution, and also places a specific obligation on states to pass laws
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to regulate ocean dumping. Specific obligations are also set out for other sources of pollution, such
as pollution from sea-bed activities, pollution from the atmosphere and pollution from land based
activities.

UNCLOS covers virtually every conceivable use and benefit of the oceans including shipping,
fishing and seabed mining. It also establishes a regime for dispute resolution, dividing the resources
of the seabed, the limits of innocent passage, and coastal and flag state jurisdiction.

3.2 MARINE BIODIVERSITY

The Conventions discussed here deal with biodiversity and marine biodiversity is also part of it. In
addition, other global Conventions, including CBD, CMS, UNFCCC and CITES, directly or indirectly
affect the protection of living marine resources. These Conventions are dealt here to merely point
out how these various instruments assist in the protection of living marine resources.

CBD: The CBD is intended to promote the conservation of biological diversity, the sustainable use
of its components and the equitable sharing of the benefits arising out of the use of genetic resources.
At the Second Conference of the Parties to the Convention held in Jakarta in late 1995, the Parties
decided to request the Subsidiary Body on Science, Technology and Technological Advice to the
Convention to establish a three year panel on marine/coastal biological diversity to examine in
particular, protected areas, sustainable use, integrated management, introduction of alien species
and mariculture.

CMS: CMS provides a framework by which Parties may act to conserve migratory species and
their habitat by adopting strict protection measures for migratory species that have been categorised
as endangered, concluding agreements for the conservation and management of migratory species
or their separate populations that have an unfavourable conservation status or would benefit from
international co-operation and undertake joint research or management activities.

CITES : The objective of CITES is to ensure that international trade in species threatened with
extinction is prohibited except in special circumstances, and that trade in species whose survival
might be threatened by such trade is controlled and monitored to ensure the trade is sustainable.
To this end, CITES establishes a world-wide system of controls on international trade in threatened
animals and plants and articles derived from them. All such trade must be authorised by government
issued permits or certificates. This would include, for example, trade in sea tortoise shell.

3.3 MARINE POLLUTION

Marine pollution is defined as: the introduction by man, directly or indirectly, of substances or
energy into the marine environment, including estuaries, which results or is likely to result in such
deleterious effects as harm to living resources and marine life, hazards to human health, hindrance
to marine activities, including fishing and other legitimate uses of the sea impairment of quality for
use of sea water and reduction of amenities.

The position prior to World War 1I: Under the rules of customary international law governing the
oceans, the principle of freedom of use was the prevailing norm. The resources of the oceans
were regarded as inexhaustible. The oceans were also viewed as ideal dumping grounds which
were so vast that they were not capable of being polluted through the activities of man. The potential
for ships to pollute the marine environment was recognised as early asthe 1920’s, and a conference
was convened in Washington in 1926 to draw up a draft convention on pollution from ships. However,
it was only after World War Il that the international community began to realise that international
action may be required to regulate pollution of the marine environment.
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Oil Pollution Convention, 1954: The 1954 International Convention on the Prevention of Pollution
of the Sea by Oil was the first international convention to attempt to prevent pollution of the sea by
oil from tankers. It prohibited the discharge of oil or oil mixture by tankers within prohibited zones.
It originally applied to all sea-going ships over 500 tons or more, but was amended in 1962 to
cover tankers of 150 tons or over. Amendments were made to the 1954 Oil Pollution Convention in
1969. It was amended to provide for more stringent requirements for operational discharges which
were consistent with the “load-on-top system’ of operating which had been adopted by oil tankers.
In 1971 the Convention was amended to impose new standards on the construction of oil tankers.
This convention has been superceded by the 1973/78 MARPOL Convention, which will be discussed
later in this paper.

Geneva Convention on the High Seas, 1958: The 1958 Geneva Convention on the High Seas
contained only two provisions relating to marine pollution. Article 24 recognised the potential harmful
effects of oil pollution from ships and from off-shore oil exploration and exploitation.

IMO International Maritime Dangerous Goods Code: This code was introduced by a resolution
of the IMO Assembly in 1965. It classifies dangerous goods and sets out detailed requirements as
to marking, labelling, packaging and documentation. It has been updated on a regular basis in
response to developments in the shipping and chemical industries. It is widely observed and the
IMO has recommended that states adopt it as the basis for national legislation. It supplements
several IMO conventions, and is essential for their effective implementation. The IMDG Code is
regularly amended. Amendments made in 1994 were so extensive that the entire 2500 page Code
has been reprinted.

3.4 INTERVENTION, CIVIL LIABILITY AND FUND CONVENTIONS

The Torrey Canyon disaster in 1967, in which a Liberian tanker carrying over 119,00 tons of crude
oil, caused considerable pollution damage along the coasts of France and the United Kingdom.
This prompted two international conventions in 1969 to deal with the problem of oil spills from
maritime casualties - the Intervention Convention and the Civil Liability Convention. These two
conventions were supplemented by the 1971 Fund Convention.

Intervention Convention, 1969: The Convention Relating to the Intervention on the High Seas in
Cases of Oil Pollution Casualties was adopted in Brussels on 29 November 1969. It entered into
force on 6 May 1975. This treaty gives coastal states special powers to take self-help measures
beyond the limits of their territorial sea following a maritime casualty involving oil pollution from
ships which may reasonably be expected to result in major harmful consequences. Coastal states
may take such measures as may be necessary to prevent, mitigate or eliminate grave and imminent
danger to their coastline or related interests from pollution or threat of pollution of the sea by oil. A
Protocol adopted in 1973 extends the Convention to substances other than oil. The 1973 Protocol
entered into force on 30 March 1983.

Civil Liability Convention, 1969: The 1969 International Convention on Civil Liability for Oil Pollution
Damage was also adopted in Brussels in 1969. It entered into force on 19 June 1975. The 1969
Civil Liability Convention creates a scheme of liability for oil pollution damage caused by oil tankers.
The Convention provides that the ship owner is strictly liable for oil pollution damage, without any
need to prove negligence or fault except in certain circumstances, such as war and insurrection.
They allow persons who suffer damage from oil pollution to have recourse directly against the
owner of the vessel, without involving states. Under the 1969 Convention the owner’s liability is
limited according to a formula related to the tonnage of the ship and the overall total, unless the
incident occurred as a result of his actual fault. The 1969 Convention was amended by a Protocol
in 1976, which entered into force on 8 April 1981.
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Fund Convention, 1971: The 1971 Convention on the Establishment of an International Fund for
Compensation for Oil Pollution Damage (1971 Fund Convention) was adopted in Brussels in 1971.
It entered into force on 16 October 1978. The purpose of the 1971 Fund Convention is to establish
a fund to provide additional compensation so that within the limits of the Fund’s total liability, the
victims are fully and adequately compensated. The fund is established from a levy on oil importers,
who are mainly the oil companies whose cargoes the vessels are likely to be carrying. The Fund
Convention thus provides a form of security for claimants who have suffered pollution damage.
However, the Fund established by the Convention is not available in certain exceptional
circumstances, including where the claimant cannot prove that the damage resulted from an incident
involving one or more ships.

London Convention, 1972: The proposals at the Stockholm Conference led to the adoption in the
following year of the 1972 Convention on the Prevention of Marine Pollution by the Dumping of
Wastes and other Matter (London Convention). The Convention entered into force on 30 August
1975. The purpose of the London Convention is to regulate the dumping of wastes at sea. It
regulates the deliberate disposal at sea of certain substances, including oily wastes, dredging and
land-generated wastes. It does not govern oil pollution caused by operational discharges from the
normal operation of ships. Nor does it govern pollution caused by maritime casualties. Under the
London Convention contracting parties pledge themselves to take all practicable steps to prevent
the pollution of the sea by the dumping of waste and other matter that is liable to create hazards to
human health, to harm living resources and marine life, to damage amenities or to interfere with
other legitimate uses of the sea.

Two provisions are of special interest to less developed countries. First the obligation to take
individual measures is according to their scientific, technical and economic capabilities. Second,
parties are obliged to promote support for other parties who require training of personnel, supply of
equipment, and facilities for research and monitoring and disposal and treatment of waste.

The London Convention contains a ‘black list’ of Annex | substances that may not be dumped at sea; a
‘grey list’ of Annex Il substances that may be dumped subject to a special permit. Annex Ill contains
criteria for determining whether other substances may be dumped at sea, pursuant to a general permit.
Beginning in 1991, the Contracting Parties to the London Convention began to adopt what might be
described as a ‘precautionary approach’ to ocean dumping. Under this approach, “appropriate preventive
measures are taken where there is reason to believe that substances or energy introduced in the
marine environment are likely to cause harm even where there is no conclusive evidence to prove a
causal relation between outputs and their effects. The effect of the new amendments to the annexes
has led to a complete ban on the dumping of radioactive waste, to a phase out of the dumping of
industrial waste and to a ban on the incineration of waste at sea. The London Convention is supplemented
by regional agreements in many parts of the world.

MARPOL Convention, 1973/78: The Stockholm Conference was an impetus for the adoption of
the 1973 Convention for the Prevention of Pollution from Ships (1973 MARPOL Convention) in the
following year. The 1973 MARPOL Convention replaced the 1954 Convention. The 1954 Convention
had not been particularly successful. Not all flag states were parties to it, and the enforcement
record of flag states which were parties was weak. The initial 1973 text was adopted by the IMO in
1973. Before it received a sufficient number of ratifications to enter into force, it was substantially
amended by a protocol in 1978 to facilitate its entry into force. The Convention, as amended by the
1978 Protocol, entered into force on 2 October 1983. The object of the Convention is to prevent
the pollution of the marine environment by the operational discharge of oil and other harmful
substances and to minimise the accidental discharge of such substances. States parties are obliged
to apply the provisions of the convention to ships flying their flag and to ships within their jurisdiction.
The Convention has had a major impact on the construction of tankers, and in practice, all tankers
built after 1975 have been built to meet MARPOL requirements. In practice, the vast majority of
ships today conform to MARPOL standards.

140



Amendments adopted in 1992 and which entered into force in 1995 impose new standards to
improve the safety of tankers. All new tankers ordered after July 1993 of 5,000 dwt and above must
be fitted with double bottoms and double hulls. In addition, the construction requirements for tankers
of 25 years of age or above (those built prior to 1970) were amended to require the mandatory
fitting of double hulls or an equivalent design. In addition, the 1992 amendments provided for an
enhanced system of inspection for oil tankers aged five years and above. The effect of these
amendments is likely to be that aging tankers which were constructed prior to the MARPOL
Convention will be either upgraded to modem standards or scrapped.

Implementation of the Convention is based in part upon the right of inspection by port states.
Parties are obliged to co-operate in the detection of violations and the enforcement of the provisions
of the convention. Ships in the port or offshore terminals of any party to the convention are required
to hold certificates issued pursuant to the Convention, and are subject to inspection by the port
state to verify the certificate. If any ship in port does not carry a valid certificate, or if there are clear
grounds for believing that the condition of the ship or its equipment does not correspond substantially
with the particulars of its certificate, a more detailed inspection is required. In such case, the Party
carrying out the inspection is obliged to take such steps as will ensure that the ship shall not sail
until it can proceed to sea without presenting an unreasonable threat of harm to the environment.
The MARPOL Convention relies mainly on technical measures to limit oil discharges, including
standards for the construction of new oil tankers. Discharges of small quantities of oil are permitted,
but only when the vessels are enroute and more than 50 miles from land. The Convention allows
that certain areas can be designated as ‘special areas’ where all discharges are prohibited. The
Convention is not con fined to oil pollution. It also regulates other types of pollution caused by the
operation of ships, including the bulk carriage of noxious liquids and garbage. The Convention
contains annexes which contain regulations governing different types of pollutants. The annexes
are:

Annex | Oil Discharges

Annex Il Noxious Liquid Substance Discharges

Annex I Harmful Substances in Packaged Form and Containers
Annex IV Sewage Discharges

Annex V Garbage Discharges

Annex VI Air Pollution

All of the annexes are in force except Annex IV on Sewage Discharges. All parties are bound by
Annexes 1 and Il. States parties to the MARPOL Convention are obligated to supply reception
facilities. However, the record of port States in supplying such facilities has been not been good in
some parts of the world because of financial constraints. Another problem for implementation by
port States is the cost of administering a system of inspection and enforcement, including the
training of the necessary personnel. It has also been observed that there has been lack of effective
implementation of the Convention by many flag states. Among the reasons cited for this are a lack
of trained and experienced personnel to carry out the inspections, especially the need to train and
retain qualified and experienced surveyors. It is generally believed that the participation costs for
developing countries will be reduced if there is co-operation on a regional basis in implementing
the Convention.

Under Article 17 of the Convention, States parties are obligated to promote, in consultation with the
IMO and with assistance and co-operation from UNEP, support for Parties requesting assistance
for the training of scientific and technical personnel and the supply of necessary equipment and
facilities for reception and monitoring. Another benefit of regional co-operation is the standardisation
of rules and procedures.
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Convention on Oil Preparedness, Response and Co-operation, 1990: In 1990, following the
Exxon Valdez disaster off the coast of Alaska, the IMO adopted a global instrument entitled the
Convention on Oil Pollution Preparedness, Response and Co-operation which sets out general
obligations for co-operation and assistance to deal with major oil pollution incidents. Its purpose is
to help Governments combat major oil pollution incidents. It entered into force on 13 May 1995,
one year after being accepted by 15 states. The Convention is intended to encourage the
establishment of oil pollution emergency plans on ships and offshore installations, and at ports and
oil handling facilities. It also is intended to encourage the establishment of national and regional
contingency plans, and a framework for international co-operation. Amendments to the 1973/78
MARPOL Convention were adopted in 1991 in response to this Convention.

HNS Convention, 1996: The International Convention on Liability and Compensation for Damage
in Connection with the Carriage of Hazardous and Noxious Substances by Sea (HNS) was prepared
by the legal committee of the IMO and adopted at a diplomatic conference in May, 1996. The HNS
Convention establishes a system for compensation and liability covering in principle all kinds of
hazardous and noxious substances. The HNS Convention introduces strict liability for the ship
owner, with higher upper limits than are available under existing general limitation regimes. It also
introduces a system of compulsory insurance and insurance certificates. The ship owner’s liability
is supplemented by a HNS Fund, which is financed by cargo interests. Contributions to the HNS
Fund will be levied on persons within the territory of contracting Parties who receive a certain
minimum quantity of HNS cargo during a calendar year. The HNS Convention goes further in its
scope than the oil pollution compensation regime in that it covers not only pollution damage but
also the risks of fire and explosion.

Protocol to London Convention, 1996: A Protocol to the Convention on the Prevention of Marine
Pollution by the Dumping of Wastes and Other Matter, 1972, was adopted at a conference held at
IMO headquarters in London in November, 1996. The Protocol will enter into force 30 days after
ratification by 26 countries, 15 of whom must be Contracting Parties to the 1972 treaty. The Protocol
represents a major change of approach to the question of how to regulate the use of the sea as a
depository for waste materials. One is to introduce the “precautionary approach”. This requires
that “appropriate preventative measures are taken when there is reason to believe that wastes or
other matter introduced into the marine environment are likely to cause harm even when there is
no conclusive evidence to prove a causal relation between inputs and their effects.” The Protocol
also provides that “the polluter should, in principle, bear the cost of pollution” and it emphasizes
that Contracting Parties should ensure that the Protocol should not simply result in pollution being
transferred from one part of the environment to another.

The 1972 Convention permits dumping to be carried out provided certain conditions are met. The
severity of these conditions varies according to the danger to the environment presented by the
materials themselves and there is a “black list” containing materials which may not be dumped at
all. The Protocol is much more restrictive. It states (in Article 4) that Contracting Parties “shall
prohibit the dumping of any wastes or other matter with the exception of those listed in Annex 1.

These materials include:

- Dredged material

- Sewage sludge

- Fish waste, or material resulting from industrial fish processing operations
- Vessels and platforms or other man-made structures at sea

- Inter inorganic geological material

- Organic material of natural origin
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Bulky items primarily comprising iron, steel, concrete and similar unharmful materials
for which the concern is physical impact and limited to those circumstances, where
such wastes are generated at locations, such as small islands with isolated
communities, having no practicable access to disposal options other than dumping.

The only exceptions to this are contained in Article 8 which permits dumping to be carried out “in
cases of force major caused by stress of weather, or in any case which constitutes a danger to
human life or a real threat to vessels..”

Incineration of wastes at sea was permitted under the 1972 Convention, but this practice
has since been ended and it is specifically prohibited by article 5 of the Protocol. Incineration
at sea of industrial waste and sewage sludge had already been prohibited under amendments
to the London Convention adopted in 1993. In recent years concern has been expressed at
the practice of exporting wastes which cannot be dumped at sea under the 1972 Convention
to non-Contracting Parties.

IMO Conventions on Maritime Safety: Other IMO conventions and instruments, although
technically dealing with maritime safety, are also relevant to prevention of pollution of the marine
environment. The most important of these are: (a) 1974 Convention on Safety of Life at Sea (SOLAS);
(b) 1972 International Regulations for Preventing Collisions at Sea (COLREGS); and (c) 1978
Standards of Training, Certification, and Watch-keeping.

UNEP Instruments Relating to Marine Pollution

In the 1980s the following international instruments of relevance to the marine environment were
promulgated by UNEP: (1) 1982 Guidelines Concerning the Environment Related to Offshore
Mining and Drilling Within the Limits of National Jurisdiction; and (2) 1985 Montreal Guidelines for
the Protection of the Marine Environment from Land-based Sources; and (3) 1989 UNEP Guidelines
and Standards for the Removal of Offshore Installations and Structures on the Continental Shelf
and in the EEZ. In addition, an important UNEP convention adopted in 1989, the Basel Convention
on the Control of the Transboundary Movement of Hazardous Wastes and their Disposal,
represented the first global attempt to regulate the transboundary movement of hazardous waste.

Montreal Guidelines on Land-based Marine Pollution, 1985: No global treaty exists for the
control of land-based sources of marine pollution. Regional agreements exist in several areas, but
not in this region. In 1985 UNEP adopted a non-binding instrument known as the Montreal Guidelines
for the Protection of the Marine Environment against Pollution from Land-based Sources. These
guidelines offer a checklist for national legislation, as well as for the development of global, regional
or sub regional agreements. The guidelines call for the negotiation of internationally agreed rules
and standards. The annexes give guidance on control strategies and the classification of substances.
The Basel Convention is not directly on marine pollution. However, it is related to other marine
pollution conventions in the sense that it forms an integral part of a regime governing the movement
of hazardous waste. The 1972 London Convention controls the dumping of such wastes in the
oceans, the 1973/78 MARPOL Convention regulates the manner of storing and packing such
substances during transit on the oceans, and the Basel Convention regulates their transboundary
movement to other states, including the transit of such substances through other states. It has
been recognized that there is a need to study whether all of the provisions of the Basel Convention,
the 1972/78 MARPOL Convention and the 1972 London Convention are compatible. There is also
a need for states to understand that the three conventions complement one another and that there
may be gaps or lacunae in their laws if they do not ratify and implement all three conventions.
Therefore, there is a need for states to ensure that the domestic legislation implementing the three
conventions are consistent with one another.
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Global Programme of Action on Land-based Activities, 1995: The major weakness of the efforts
of the international community has been the failure to deal effectively with marine pollution caused
by land-based activities, which accounts for nearly 70% of all marine pollution. In 1995 an attempt
was made to deal with this complex problem. An Inter-governmental Conference to Adopt a Global
Programme for the Protection of the Marine Environment from Land-based Activities was held in
Washington, D.C. from 23 October to 3 November, 1995.

3.5 FISHERIES
The fisheries management is organised in four layers: Global, Regional, National, and Local.

Global: UN Convention on the Laws of the Sea (UNCLOS) regulates the fishing behaviour of
member countries with specific written regulatory details in the FAO code of conduct for responsible
fisheries (FAO-CC), along with its historical predecessors, as summarized in the table below.

Mid-1970s  Creation of EEZ
1982 United Nations Convention on the Law of the Sea (EEZ regime emerged)

1993 1993 agreement to promote compliance with international conservation and
management measures by fishing vessels on the high seas (compliance agreement)

1995 United Nations fish stocks agreement (entered into force in 2001) FAO code of
conduct for responsible fisheries

2001 International plan of action to prevent, deter and eliminate illegal, unreported and
unregulated fishing (IPOA -1UU)

Fisheries advisory and technical agreements are: the constitution of the FAO agreement to constitute
the international centre for living aquatic resources management as an international organization.
The International fisheries management agreements which SAS countries either signatories / ratified/
agreed are: Convention on the Conservation of Antarctic Marine Living Resources and Agreement
for the establishment of the Indian Ocean Tuna Commission

Among the Global Agreements on the Conduct of Fishing Operations, there is no agreement in this
category in SAS region. Among the labour and welfare agreements below given are relevant to
this region: ILO convention on work in fishing, ILO Convention concerning fishermen’s articles of
agreement, ILO Convention concerning the medical examination of fishermen, ILO Convention
concerning accommodation on board fishing vessels ; and ILO Convention concerning fishermen’s
certificates of competency

The more specific maritime safety instruments by the International Maritime Organization are the
International Convention for the Safety of Fishing Vessels and International Convention on Standards
of Training, Certification and Watch keeping for fishing vessel personnel (STCW -F)

The global agreements on marine mammals and marine biodiversity are: International Convention
for the Regulation of Whaling (Management); Convention for the Conservation of Antarctic Seals
(Management) and Agreement on the International Dolphin Conservation Programme (Agreement).
The International Trade Agreements related to fisheries are World Trade Organization Agreements
(WTO) and Convention for International Trade in Endangered Species (CITES).

Finally there are non-binding global instruments such as United Nations Driftnet Resolutions, UNCED
Agenda 21 and declaration of principles, FAO code of conduct for responsible fisheries, International
plan of action for the management of fishing capacity, International plan of action for the conservation
and management of Sharks, International plan of action for reducing incidental catch of seabirds in
long line fisheries, International Plan of Action to prevent, deter and eliminate illegal, unreported
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and unregulated Fishing and World Summit on Sustainable Development. Plan of implementation
and declaration

Regional: The Regional Fisheries Bodies implement the regulations complementary to global
rules. At the national level, each nation has its own fishing program and more often than not, local
fisheries management influences how the upper levels of national and regional management
operate. Regional fisheries agreements provide fertile ground to test arguments about the influence
of political determinants on international institution building.

National: Today, global regulation continues to depend on voluntary national implementation. The
global fisheries regime, like other international co-operation regimes, relies heavily on national
level implementation. States are expected to improve their monitoring, control and surveillance
systems, establish mandatory licensing regimes and strengthen legal frameworks. The vessel
registration is the easiest method; states rarely monitor by-catch and discard

4. REGIONAL AGREEMENTS

One of the difficulties which exist with global instruments addressing environmental issues is that
many of them are unable to deal with region specific problems. Regional agreements can be
effectively concluded and implemented precisely because of the need to protection a commonly
shared resource. This is the case with protection of regional seas, including the South Asia Seas.

The regional agreements have been extraordinarily effective in engaging governments in protecting
the environment. Unlike the global environmental conventions, these regional conventions are
comprehensive, covering issues ranging from chemical wastes and coastal development to the
conservation of marine animals and ecosystems. Their limited geographic focus enables them to
channel the energies of a wide range of interest groups on solving what are, after all, a series of
interlinked problems. With attention turning to global conventions in recent years, many people are
unaware of the effective regional instruments that are already in place.

As has been recognised through the Regional Seas Programme, co-operation at the regional level
can be crucial for success in arresting marine degradation. This is particularly so where a number
of countries share the same marine and coastal area, such as in enclosed or semi-enclosed seas.
Regional co-operation can strengthen regional and national capacity, provide an avenue for
harmonising and adjusting measures to fit particular environmental and socio-economic
circumstances and support more efficient and cost-effective implementation of the programmes of
action. States are encouraged to participate in regional and sub-regional arrangements. Effective
functioning of such arrangements might include: strengthening regional information networks; inviting
multilateral financing agencies, particularly regional development banks, to cooperate in and support
action plans; and encouraging collaboration between national and regional focal points and
economic groupings, other relevant and international organisations, development banks and regional
rivers authorities in the development and implementation of action plans.

Action Plan: The substantive aspects of any regional programme are outlined in an action plan
which is formally adopted by an Intergovernmental Meeting of the Governments of a particular
region before the programme enters into its operational phase. In the preparatory phase leading to
the adoption of the Action Plan, Governments are consulted through a series of meetings and
missions about the scope and substance of an action plan suitable for their region. In addition, with
co-operation of appropriate global and regional organizations, a review of the specific environmental
problems of the region are prepared in order to assist the governments in identifying the most
urgent problems in the region and the corresponding priorities to be assigned to the various activities
outlined in the action plan. It is designed to link assessment of the quality of the marine environment
and the causes of its deterioration with activities for the management and development of the
marine and coastal environment. The Action Plans promote the parallel development of regional
legal agreements and of action-oriented programme activities
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4.1 REGIONAL SEAS PROGRAMME

The Regional Seas Programme was initiated by UNEP in 1974. At present, in accordance with the
relevant decisions of UNEP’s Governing Council, the Regional Seas Programme covers 13 areas
and 140 countries where regional action plans are operative or are under development. These
include the Mediterranean Area (1975); the Kuwait Action Plan (1978); the West and Central African
Region (1981); the Wider Caribbean Region (1981); the East Asian Seas Region (1981), the
Southeast Pacific Region (1981). The Red Sea and Gulf of Aden Region (1982). The South Pacific
Region (1982); the Eastern African Region (1985); the South Asian Seas Region (1995); the Black
Sea Region (Framework Action Plan adopted in 1993) the Northwest Pacific Region (1994) and
the Southwest Atlantic Region.

It is essential to bear in mind that all components of a regional programme are interdependent.
Assessment activities identify the problems that need priority attention in the region. Legal
agreements are negotiated to strengthen co-operation among States in managing the identified
problems. They also provide an important tool for national policy makers to implement national
control activities. Management activities, aimed at controlling existing environmental problems
and preventing the development of new ones, are one of the means by which States fulfil their
treaty obligations. Co-ordinated assessment activities then continue to assist governments by
providing scientific information by which to judge whether the legal agreements and management
policies are effective.

4.2 SOUTH ASIAN SEAS REGION

The South Asian Seas (SAS) Region includes parts of the Bay of Bengal and the Arabian Sea in the
Northern Indian Ocean, as well as the seas bordering Bangladesh, India, Maldives, Pakistan and Sri
Lanka. Bangladesh, India, and Pakistan are parts of the Indian subcontinent, while the island of Sri
Lanka shares a part of the continental shelf with India. Maldives is constituted of coral atolls.

Broad Marine Ecology

The South Asian Seas Region can be categorised into two distinct geographical groups. While Maldives
and Sri Lanka are island nations, Bangladesh, India and Pakistan are situated on the Asian mainland.
India has two groups of islands in the Arabian Sea and Bay of Bengal, whose problems are similar to
that of Maldives and Sri Lanka. The northern Indian Ocean with its adjoining seas, Bay of Bengal and
Arabian Sea form the common marine boundary for the five South Asian nations. Located in the
tropical monsoon belt, the region is strongly affected by monsoons, and is vulnerable to storm
surges, cyclones, and tsunamis. The unique monsoonal circulation introduces marked seasonality
in oceanographic and biogeochemical processes. South Asia’s coastal countries (Bangladesh,
India, the Maldives, Pakistan and Sri Lanka) account for less than 2 percent of the world’s total
coastline. Yet the low elevation coastal zones of these countries, with an area of about 160,000
km?, contain 135 million people — 22.5 percent of the global population living in such zones. The
coastal zones also contain about 40 percent of the economic activities in the region and most of its
critical economic infrastructure.

Marine Biodiversity: South Asia’s coastal regions are extraordinarily rich in ecological diversity.
More than 8 percent of the world’s mangrove areas are in South Asia. The Sundarban delta is the
world’s largest continuous stretch of mangroves as well as the coral reefs of the Maldives, India,
and Sri Lanka, and the dryland mangroves of Pakistan-support thousands of floral and faunal
species. This ecological richness, however, has been subjected to great pressure through over
extraction of recourses, enhanced pollution, and physical alterations in coastal ecosystems.
Mangroves have been exploited for timber, fuel wood, and other purposes. For about 200 years,
large mangrove areas have been cleared for agricultural activities and for shrimp farming, particularly
in India and Pakistan.
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Marine Ecosystem: Mangroves, coastal wetlands, and other coastal habitats also have been
severely affected by discharges of untreated industrial and domestic sewage, freshwater
interceptions for irrigation, and dredging and re-suspension of contaminated silts. Oil pollution also
increasingly threatens coral reefs, often located in areas where large-scale petroleum industries,
tourism, and fishing industries flourish. Most of the shallow water coral reef habitats of Sri Lanka,
the Maldives, and India have been severely damaged as a result of bleaching. The northern Indian
Ocean is one of the 10 hotspots of the world’s threatened coral reef areas. The mangrove ecosystem
supports important coastal fisheries and provides direct sustenance to coastal communities from
timber and other products. It is also endowed with rich biodiversity and wildlife. The numerous
estuaries and backwaters found along the coasts provide a range of environmental conditions,
serving as breeding grounds for commercially important fish and supporting high biological diversity.
Most coastal regions (especially the west coast of India) are very productive, supporting rich fisheries.

Coastal Developments: Major economic activities are concentrated in coastal areas. These include
ports and harbours, fisheries and aquaculture, tourism, and rapidly expanding industrial activities.
Agriculture forms a major part of the overall economic activity. In some areas, mining is also
important, and although the production of oil and natural gas is limited, a significant volume of
crude oil is transported by tankers through the region. Further offshore explorations and exploitation
in Arabian Sea and Bay of Bengal is being implemented in deeper waters for Oil & Gas and
Methane Gas hydrates and exploration of polymetallic nodules in the Indian Ocean

Climate Change: Countries most severely to be affected are located in South Asia and highlight a
hidden challenge for coping with climate change. The island nation Maldives an exotic equatorial
paradise is to be affected by virtue of its low height from mean sea level. Bangladesh, where Sea
level rise is expected to impact over 13 million people with a 16% loss of national rice production In
South Asian countries, a substantial reduction in crop yields from rain fed agriculture could occur.
Additionally, dramatic changes in the land use patterns in South Asia compound this problem. The
mangrove forests of the Sundarbans of Bangladesh, the largest continuous mangrove area in the
world, which provides habitat for a large range of wildlife including Bengal tigers, Indian otters,
spotted deer, estuarine crocodiles and marine lizards, could be destroyed by a 1m rise in sea
level. In addition, loss of mangrove communities will result in major socio-economic impacts, due
to effects on fisheries and other resource industries (e.g. woodcutting) that rely on the Sundarbans.

ACTION PLAN FOR THE SOUTH ASIAN SEAS

The Action Plan for the Protection and Management of the Marine and Coastal Environment of the
South Asian Seas was adopted at a Meeting of Plenipotentiaries at New Delhi, India on 24 March
1995. The Action Plan applies to the marine and related coastal environment, including international
waters adjacent to Bangladesh, India, Maldives, Pakistan and Sri Lanka.

The objective of the Action Plan is to protect and manage the marine environment and related
coastal ecosystems of the region, including the promotion of sustainable development and sound
management of regional marine and coastal resources. As with the other Action Plans, this Action
Plan addresses the five components of Environmental Assessment, Environmental Management,
Environmental Legislation, and Institutional and Financial Arrangements and adds a sixth: supporting
measures.

In preparing for the development and implementation of the Action Plan, UNEP assisted with the
compilation of national reports on environmental problems of the marine and coastal areas for
each of the countries involved, which included a description of existing national legislation addressing
this issue. In the area of environmental legislation, the Action Plan recommends that
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a) National Legislation and regulations be reviewed and expanded, updated or strengthened
as necessary,

b) National Legislation related to marine and coastal resources be effectively enforced,;
c) National Legislation be harmonised where international uniformity is required,;
d) An up to date compilation of national laws be maintained; and

e) International Agreements related to Protection of the Marine and Coastal Environment
should be ratified and implemented.

International Marine Environmental instruments for SAS region: There are 173 Multilateral
Environmental Instruments related to SAS countries and out of which 61 agreements, 92
Amendments and 20 Protocols are categorized in this study. Ocean category has 11 International
Instruments relevant to SAS region. Under the Marine Pollution there are 78 international instruments
and one regional instrument on oil and chemical pollution by SAS member countries is finalised
and will be signed by member countries soon. Fisheries, has totally 8 international and regional
instruments are listed in Fisheries.

Regional Oil and Chemical Pollution Contingency Plan for South Asia: The South Asian Seas
Programme / South Asia Co-operative Environment Programme (SACEP) and the International
Maritime Organization had undertaken a jointly funded project to assist the region in Developing a
South Asian Regional Oil Spill Contingency Plan in 1989. A draft Regional Oil Spill Contingency
Plan and other background documents were reviewed by a Meeting of Senior Officials held in
Colombo Sri Lanka 14th to 16th December 1999. The Final Plan was then submitted to a “High
Level Meeting” which approved it on the 6th December 2000 prior to its formal acceptance by the
Government of Bangladesh, India, Maldives, Pakistan and Sri Lanka. The 4th IMM, held in Jaipur
India in May 2008, had requested SACEP to finalise the Regional Plan and MoU as a matter of
high priority. SACEP Secretariat is circulating final agreed Regional Plan and MoU for the signing
by Ministers of member countries.

Fisheries: The International Environmental Agreements (IEA) database, lists seventy-three
multilateral fisheries agreements. Out of which 11 multilateral global and regional instruments are
relevant to SAS region. In the South Asian Seas region, Asia-Pacific Fishery Commission, Indian
Ocean Tuna Commission and Bay of Bengal Programme — Inter Governmental Organisation are
regional advisory bodies co-ordinating with SAS member countries. The Agreement for the
establishment of the Asia-Pacific Fishery Commission was concluded under the aegis of FAO. It
was drawn up by the Governments concerned at Baguio, Philippines in February 1948 and approved
by the FAO Conference at its Fourth Session on 26 February 1948. The Agreement entered into
force on 9 November 1948 and was amended in 1958, 1961, 1977, 1994 and 1996. The 1977
amendment changed the name of the title from Indo-Pacific Fisheries Council to Indo-Pacific Fishery
Commission. The 1994 amendments included the change of the title to Asia-Pacific Fishery
Commission. The scope of the 1997 amendment was to reinforce and update the terms of reference
of the Commission. In 1999, the functions of the former Indian Ocean Fishery Commission (IOFC)
in the Bay of Bengal were merged into APFIC (approved by FAO Council Resolution 1/116). The
Commission carries out its functions and responsibilities in the Asia Pacific Area. In 1999, the
functions of the former Indian Ocean Fishery Commission (IOFC) in the Bay of Bengal were merged
into APFIC. The BOBP-IGO Agreement was formally signed by the Governments of Bangladesh,
India and Sri Lanka at Chennai on 26 April 2003 and by the Government of Maldives at Chennai on
21 May 2003 (BOBP-IGO Agreement). The fisheries trade and marketing agreement is on agreement
for the establishment of the intergovernmental organization for marketing information and technical
advisory services for fishery products in the Asia and pacific region. There is also a voluntary
regional instrument called memorandum of understanding (MoU) on the conservation and
management of marine turtles and their habitats of the Indian Ocean and South-East Asia
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Important Terminologies used in International Conventions

Geographical reach : The Conventions all have an article which defines the geographical reach
of the convention. Inland waters are generally excluded from the Convention, the exception being
the Convention for Co-operation in the Protection and Development of the Marine and Coastal
Environment of the West and Central African Region, which specifically includes “related inland
waters”. This is changing, however, considering the concern over marine pollution from land based
activities. All States with jurisdiction over a part of a drainage basin into a coastal area may have to
be involved in activities to address this concern.

Specific issues : Each convention then goes on to address specific issues of concern in the
region. These may include pollution from land-based activities; airborne pollution; pollution from
seabed activities; pollution from vessels; specially protected areas and protection of wild flora and
fauna; co-operation in combating pollution in cases of emergency; pollution caused by dumping
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from ships and aircraft; and erosion of the coastal area. The Conventions also generally provide
for environmental impact assessment, scientific and technical co-operation, technical and other
assistance, and liability and compensation. Also established under each Convention are the
necessary institutional arrangements for assisting with the implementation of the Convention,
authorising an organisation to carry out the functions of Secretariat for the Convention.

Protocol : Each of the Conventions has at least one Protocol, setting out in greater detail specific
duties outlined in the Convention. In fact, each of the Conventions has a protocol for co-operation
to address environmental emergencies, generally specifically oil spills. The protocols deal with the
same geographic region outlined in the conventions and spell out the relationship between the
Convention and the Protocol. Generally the Rules of Procedure and financial rules of the Convention
apply to the protocols. The parties to the convention are generally also required to become a party
to at least one protocol at the same time. Sometimes this is automatic. Conversely, no State may
be a party to a protocol without also being a party to the convention.

Signature, Ratification, Acceptance, Approval and Accession

The terms Signature, Ratification, Acceptance, Approval and Accession refer to some of the methods
by which a State can express its consent to be bound by a treaty. The Vienna Convention on the
Law of Treaties is the basis for these terms (Source : IMO web site )

Signature: Consent may be expressed by signature by the states where the treaty provides that
signature shall have that effect; it is otherwise established that the negotiating States were agreed
that signature should have that effect; the intention of the State to give that effect to signature
appears from the full powers of its representatives or was expressed during the negotiations

Signature subject to ratification, acceptance or approval : A State may also sign a treaty “subject
to ratification, acceptance or approval”. In such a situation, signature does not signify the consent
of a State to be bound by the treaty, although it does oblige the State to refrain from acts which
would defeat the object and purpose of the treaty until such time as it has made its intention clear
not to become a party to the treaty. Most multilateral treaties contain a clause providing that a State
may express its consent to be bound by the instrument by signature subject to ratification. In such
a situation, signature alone will not suffice to bind the State, but must be followed up by the deposit
of an instrument of ratification with the depositary of the treaty.

This option of expressing consent to be bound by signature subject to ratification, acceptance or
approval originated in an era when international communications were not instantaneous, as they
are today. It was a means of ensuring that a State representative did not exceed their powers or
instructions with regard to the making of a particular treaty. The words “acceptance” and “approval”
basically mean the same as ratification, but they are less formal and non-technical and might be
preferred by some States which might have constitutional difficulties with the term ratification.
Many States nowadays choose this option, especially in relation to multinational treaties, as it
provides them with an opportunity to ensure that any necessary legislation is enacted and other
constitutional requirements fulfilled before entering into treaty commitments. The terms for consent
to be expressed by sighature subject to acceptance or approval are very similar to ratification in
their effect.

Accession : Most multinational treaties are open for signature for a specified period of time.
Accession is the method used by a State to become a party to a treaty which it did not sign whilst
the treaty was open for signature. Technically, accession requires the State in question to deposit
an instrument of accession with the depositary.

Amendment : Technology and techniques in the shipping industry change very rapidly these
days. As a result, not only are new conventions required but existing ones need to be kept up to
date. For example, the International Convention for the Safety of Life at Sea (SOLAS), 1960 was
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amended six times after it entered into force in 1965 - in 1966, 1967, 1968, 1969, 1971 and 1973.
In 1974 a completely new Convention was adopted incorporating all these amendments (and
other minor changes) and has itself been modified on numerous occasions.

Tacit Acceptance : In early conventions, amendments came into force only after a percentage of
Contracting States, usually two thirds, had accepted them. This percentage requirement in practice
led to long delays in bringing amendments into force. To remedy the situation a new amendment
procedure was devised in IMO. Instead of requiring that an amendment shall enter into force after
being accepted by, for example, two thirds of the Parties, the “tacit acceptance” procedure provides
that an amendment shall enter into force at a particular time unless before that date, objections to
the amendment are received from a specified number of Parties.

Entry into Force : The adoption of a convention marks the conclusion of only the first stage of a
long process. Before the convention comes into force - that is, before it becomes binding upon
Governments which have ratified it - it has to be accepted formally by individual Governments.
When the appropriate conditions have been fulfilled, the convention enters into force for the States
which have accepted - generally after a period of grace intended to enable all the States to take the
necessary measures for implementation. It is therefore essential that these should, upon entry into
force, be applicable to as many of the maritime states as possible. Accepting a convention does
not merely involve the deposit of a formal instrument. A Government’s acceptance of a convention
necessarily places on it the obligation to take the measures required by the convention. Often
national law has to be enacted or changed to enforce the provisions of the Convention; in some
cases, special facilities may have to be provided; an inspectorate may have to be appointed or
trained to carry out functions under the Convention; and adequate notice must be given to ship
owners, shipbuilders and other interested parties so they make take account of the provisions of
the Convention in their future acts and plans.

Enforcement : The enforcement of IMO conventions depends upon the Governments of Member
Parties. Contracting Governments enforce the provisions of IMO conventions as far as their own
ships are concerned and also set the penalties for infringements, where these are applicable.
They may also have certain limited powers in respect of the ships to other Governments.
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2 Hlgdule |

1. Introduction

The internatonal community has come o recognize the need o effecovely manage human
acoviies that have an effect on the manne environment and s ecosystems in order to
pramote the sustainable development of oceans and seas and their resources. This issue was
hiphlighted at the 2002 World Summit on Sustainable Development (WSSL), where States
cormenitted o promote the sustainable development of manne ecosystems More specifically,
Stares encouraged the application of the ecosystem approach by 2010, and, promoted
integrated, muldsectoral, coastal and ncean management at the nanonal level '

The General Assembly has also emphasized the importance of applylog an ecosystem to
the management of ocean-related acuvites, including by integrating ecosystem approaches
umte hsheries eonservation and management ? In 2005, the General Assembly requested the
seventh meeting of the United Madons Open-ended Informal Consultative Process on
Oceans and the Law of the Sea’ to focus its discussions on the topic, “ecosystem
approaches and oceans” Follownng its discussions on the subject, the meeting agreed that
continued eavironmental degradaton in many patts of ihe world and increasing competing
demands required an urgent response and the setting of priondes for management
lnterventons aimed at conserving ecosystem integrity. ' It was further recognized that
ecosystern approaches o oceans management should be forused on mamaging heman
actvides in order to maintaln and, where necded, restare ccosystem heulth to sustain poods
and environmental services, provide social and economic benefits for food security, sustain
livelihoods in support of internatonal development goals, including those contained in the
United Nations Millennium Declaration, and conserve marine biodiversity” Significantly, the
meeting also reached an apresnent on the elements relating to ccosystem approaches and
oceans, including the proposed elements of an ecosystemn approach, means to achieve
implermentation of an ecosystem approach, and requirements for improved applicanon of an
ccosystem approach (see Module IV)
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Insrpbucrien ses am gosvitem Approach 3

The General Assembly welcomed the report on the work of the sevearh meeang of the
Consultative Process and invited States to consider the apreed consensual elements.” In this
respect, the General Assembly reealled that Swaves should be puided in the application of
ecosystem approaches by a nomber of existing instruments, in pardcular the 1982 United
Natons Cenvention on the Law of the Sea (UNCLOS) and its Implemenung Agteements
and encouraged Siaes 1o cooperate and coordinate their efforts and take all measures, in

¥

conformiry with international law, o address impacts on madine ecosystems in areas within

and beyond national judsdiction, taking inte account the integrity of the ecosysterns
¥

concerned

COther international fora and organizagons have also promoted the application of an
ceosystem approach, including the Conference of the Pardes {COP) 1o the Convendon on
Biolegical Inversity (CBDY, the Food and Agneulture Crgandzation of the Unied Nadons
(FACH, the United MNagons Environment Programme (UNEDP) and the Uniled Nanans
Development Programme (UNDP). In order to restore and improve ceosysiemns, the Global
Enviranment Facility (GREF) considered it “an urgent need” 1o adopt “management systems
cmbracing comprehensive and cross-sectoral approaches” and  highly  recommended
“integrated ecosystem management” as "a partculatly useful system™”

It has thus been recognized by the intermational community thar the prarecton of
manne ccosystems i5 essendnl for sustainable development A number of ecosystem
approaches have been developed 1o achieve this goal, however, successful development and
unplementation requires a sound understanding and appreprate handling of 2 number of
multidimensicnal issues relating to science, brw and polives This manual will consider these
issues in detail and provide participants with the wools and skills necessary for the elfeetive
implementation of an ecosysiemn appioach in thar pagonal context More specifically,
Module T will discuss basic concepts relating o an ecosystem approach, the origin and
evelution of ccosystem approaches and their relagon o international law and pelicy
instewnents, different appraaches 1o ecosystems, and the direet and indirect benefits of an
ceosystermn approach  The Annex to Module T ocutlines the internatomal povernance
{ramework for an ecosystem approach Uevelopment and implementation of an ecosystem
appreach, 1ncluding ponciples and gurdance, inteenational practice, and challenges, will be
discussed in Module TV

Cienenll Assembly rosolution &1 #2297 of 20 Decembor HKG
7
It

Glabial Enviremrene Facilny, Operottaend Progearmeee 3# 12 Jitgpeated Favgraten Moengewns, Apol 20, HHKL availalle ar
hrpe £ Paararar et orp S Ohperatonal _Policies Openbana1_Propgrams 2012 Roglizh pd 0
® For aduitiosal backgeoaral nfarmoaion, e see Bepurt of she Seorcinny Sioneml ARG, seciin X, moalabl; e
b £ fwoace s o Dheps es S peneen]_assemlelyfgoneen | _seembly_reparts linm



| Modute |

2. Basic concepis

21 Ecosysicm approach

The werm “ecosystent approach” was fiest coned in the early 1980s and w was fucrher
developed in the context of the CBD in the 1990s It has been recopnized, however, that
there is no universally agreed defintnon of the wem, and 1t has been inerprered diffeccatly
in different contexts " A number of associated terms are in use, including “ccosystem-
based approach”, “ecosysten maaagement appreach”, “eeosysiem-based  approach e
management”, and “ccosystern process-onented approach” falso see Section 4 below).”
Mewever, these similar or ovedapping terms all efer 1o 2 compreliensive, science-based

npproach 1z the conservaton and management of mataral resoueces.

Among the various definitions of an ecosysiem approach,” the one given by the Fifth
Meecting of the COP to the CBD 1s representanve [he mecong interprerted an ecosysiem
approach, consistent with the definition of “ecosystem™ provided in andele 2 of the CBD, as
a strategy for the imegrated management of natiral rescurees tiat equitably promeotes both
conservadon and utlzadon An ecosystem approach focuses on levels of biolopical
orgarizadon, which encompass the essental processes, Functons apd interactions among
arganisms and their eovitonment [t recogaizes that humans are an integral component of
ccosystems [t wkes adaptive measures to deal with the complex and dynamic namre of

ceosysterns, and adopis the precautonary principle It does not preclude other castng

r Josing Maoare Conservanion Commicnge of the Vb, § e Joo-Sesmem based Appeoacle availalile ac wwaynee gewok
P 2516

U Consilaowe Peocess, oy o 3, para &y sy alsi MNovde Council af blimsrees, Wanksbep an the Bcomifen el f

o Alacgerent oot Pratecion of the Marth Jew, Oslo, Morvag, June 1517 1998, o 41 Fovieogphers Consuliznes | imies,
“Fospitem: o Revicw of Terms and Defnioons Belevant 1o Cecan and Aanne Besowrces Managemens under the Oeeans
AT, Hrpard do ieherieg and Qesang Cannda Marme Eiggyticet Conterration Branch, Coowa, 1999, ppe 1 and

B Cher relaved wems include: buoregaeenal approach; Biocepioanl planning; cooeepion-based consecvagon; waterched

mawsgeiea D apaprecacke Telaoe, e seeten e sl appeoads ecogysicm appeoach thac incegeee the conservaion
af Livhogicel divecity wnd the swstaiabhe use of biglopical resources; ecosystom approadh il mtegne the comgersaman
aod soskmnadily wse oof Ioboncal diversire ag well o soceccomomic considermions; and precaonioniey  ecesystem
manigerment appoeach

" ki craemple, ser MERAAY debiriien of an ecosystom approach A ceospsenm approach o asaesgroment (AR
ant ted prosides 7 compeehensive famewock for Bung cosontee deosion maeking n conttasn ma individual species o
sinngle fesme oaanagemonr, EAM conaders 3 wadee camgee gt relevam eeodopical, envicenmennt, s human fictees beasing
on socivial choices ceganding cesoarce wse's Muriwski, 5 Ylop 10 byths Cendorning BReosystom Appreaaches
1y Cleean Nesoueee Alvaagemene, presenved o the Panel “Demyseifring Lomsyaem Approaches and Ceeans™,
Lerded PMaregnd Ollr.l:'r.'-rr.'.'.";'r.l' IJ.'_,I'..;;I.r.i\.-.ra." Camineftatie Meaceir g ADcegarr e e Lo qlr the Jea, 12 junc, 2006, wvalable ac
Batips s Fwrararwre oep L s os fivcde s Tiom
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conservation and management approaches, such as single-specics conservation, protected areas,

- ' . . ' [F]
biozphere reserves, eic, rather, it may integrate all these approaches as a holiste systern

Box 1: Elements of an Ecosystem Approach

The ecosystetn approach ineorporates three important considerations:

1. Management of living components is considered alongside economic and social
considerattons at the ecosystem level of organization; the focus is not simply on
managing species and habitats;

2. It management of land, water, and living resources in equitable ways is to be
suslainable, it must be integrated and work within the natural limnits and utilize the
natural funchioning of ecosystems;

3. Ecosystemn management is a secial process, There are many interested communities,
which must be invelved through the development of efficient and effectve suctures
and processes for decision-making and managerment.

CRD COF Decision VIIf, Annex I,

2.2 LEcosystems

In order to understand 1he meaning of “ccosystern approaches™ it iz important 1o
undeestand the concepr af “ccosystem™ The term “ecosystem” was introduced by Alfred
George Tansley in 1935 though the idea isell has a much longer history ™ Tansley defined
an ecosysterm as a biouc assemblage and 1ts associated physical environment in 2 specific

1T . . .. . . i
space  3ince then, this debhmunon has remained a fundamenial concept in ecology

Y Scerenadat of the Convention oo Biudapical Priversivg, Pron Palicy o lenplemengation; " Deosions fem the bifth
deotag aof w Conference of e Paries w the Cameenoon on Bologieast Diversity, Matrobi, Keova, 15210 3ay 2000
Mentrrad Sewetarind of e Convenrisy on Blokgon! Dreerrsty 30, avallalle a: hopdSaswwbicdnasmy decisions fdefalt wp?
= 0&rm =cop-05&d =08 See whsa CHLD OO Deosion VIS Assee 1 eBnement smd Elaberaimon of e cosysoemn
Appraach, Tased o Asscsamenr of  Fgpenonce ol Partics e Inplementaton, (A Feeher Guitioee om the
lplemeneation of the Hevseaom Approach Poaciples”, available ac bimed Sasaouisidivesg g s /defl aspszm=1 01
Poal=THEA Jp=0  Parlis, ), “Biewhvenary, Eopsyserns, wned BErabigmonsd Speoisy” o 00 ) Smape jed ), Bisfrms aed the Lo
Sebushingstom, B2 € ol Croveley, Califoomae B Pros, 1096, TP 47

Agdighe 2 of e 13 provides. “Hiwlggea | divessiy means the sanabiliy among eeing anganisius Teaen sl somcees ineluding,
ingter ala, ceercatnal, manne and other aguaic censy srems and e ceadogren eomgleac: of which ey e park diiz uclede:
Uzversaty widan species, beoveon spocies and ol seusratems

4 Fmgler, A L3, T he Use and Abuse of Veperadonal Coneopns and Terms'” Fioaleg) 16,1933, pp 284307

I ibapee, ), U] Develipmont of the Bevspstem Coacepn®™, ar VO Bon (ed b, The Do Cosggs fn SNameed!
er.-:m'ﬁf:.-m'gmr.ln’ﬂ, Mew ek and London, Acadonic Press, 1969, Chadsinasan, ST e af "The Feparrt ool the Feedngcal
Hewoicty of Amerer Comanines o il Soicmibc Basi b Bogsystem banapemenn,” ez cigpdciocs (1906 p 670

A Tansley, rigre neae 13, p 29
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Although the term “ecosystem”™ has been vanously debned by numerous successors,
including some internadonal legal instruments, the basic connotabons embraced in Tansley's
defimition have never been altered For example, ardele 1(3) of the 1930 Convention on the
Conservation of the Antareie Marine Living Resources (CCAMLR)"” provides that “the
Amarctie marine ceosystem means the eomplex of reladonslups of Antarcuc manoe hving
resources with each other and with their physical eovircnment” Aracle 2 of the CBID
defines an ecosysten as “fa dynamic complex of plant, animal and mcro-organism

commanuies ang rheir nnnaliving covironment inlcmcl.ing as a functonal aoic®

The key features of an ccosystern can be summarized in five points: {1) an ecosvsten
¢xasts in 4 space with boundaries that may or may not be explicitly delineated; ecosystems are
disanguishable from each other based on their biophysieal aueribules and their locations; (2}
an ecosystern includes both hving organisms and their abiotic environment, including pools
of orgamic and inarganic matcoals, (3) the orgamsms interace with each other, and interact
with the physical enwvironment through fluxes of energy, organic and inorganic materials
amongst the pools; these fluxes are mediated and funcrionally conuolled by species’
behavioue and environmental forces; {4} an ecosystem is dynﬂmicm - its stewclure and
function change with tme;™ and (3) an ecosystem exhibits emergent properties that are

chaructedste of its type, and which are invaoant within the domain of existence ™

2.3  Ecosystem health

Ihe health of ecosystems 15 not only cssental to the cnvionment, but also umporant to Lhe
. . 11 '
cuistence and development of human sociery.” Fcosysterns are life-support systems and

.. . . 14
crtical to the survival and welfare of human beings & Conversely, s components of

" Cofley, P13, “A | sy of the Peospzeem Concept in icology — More than the Sumoofl the Tares®, Yale Universing
Progs, Mo Flaves and Lopdon, (993 p 9

" Convenrion on the Conservanon of Amarcoe bladne | iving Resoorces, 1080 rpinted w19 fusrapegnd [ogol
Muternede B4, 135

¥ tdoedic Couuctl of Mnsrcrs, g one 11, ar 0 43; see alan Concohueive Process, sprrnote 5, p §3

:' Likens, G, A Beospsteen Approach. s Lse and Abuse®, Eoalgy fekie, Oldendorff ke, Germang, 1992, p 10

oornill, RV, o A | Tiooschiend Lemceps of Lovspstems™, Ponceton Ueiversty Press, 1980, pp 68.0% Mageler, 1507,
"ol Heef Boosysoomng How doch Gremer [ Whobe dan dhe Som of the Pans? | Cornd Regf® 10, 197, p 583

Y Lo more discussion on ecosparem service amed the relation boewvecn ceosyatom health and lwenan health, sge, for
compl, Coseeey, 1w 815 Jorpemsen feels ), “Undeesmncding amd Sobang Fevicoamoental Peoblens i the 2 a0 Centuny
Frseard o Bew, Iregeates [lacd Peolilemn Sciepec”, Eford, UKL 1 lsever Soence, 2002, ppe 160-138 and 167-219
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ccosystents, huomans and ther interactons have profound cffects on the structure and
funcdon of ccosystemns. Al over the world, ecosystems ate increasingly affecred by human-
induced impacts, which often have profound effects on human habitars, human health and

socio-econotnie development.

Ecosystem health has long been a mmjor concern in ¢avironmenea) protection and
has become an important concept in understanding ccosystems  Leologically, ecosysiem

Lo

“health” is defined in terms of “acnving”, “organizabon” and “resiience” (also see Module 1T,
Secoon 6). These components of ccosystemn health are embraced in the concept of
“sustainabiity”, which means that the system s active, maintains its orgamizagon and is
resilient to steess over time By contrast, an unhealthy system is onc that is not sustainable
and will eventually cease to exist Many guidelines and measures have been suggresied for

. hA
asscssing ceosystemn health

In a broader context, ecosystem health can also ceflect prevailing social and economie
condidons A healthy ccosystermn could thus be described as ene where the enviroament; the

a - L)
economy, and the community are all viakle

B Lhagkelt, BE, ef o "% 13 lzeeistem 1 Tealtlh and Sy Should We Warry abow [0 w2 sieer Mrieh Per Gonts
Jor Enroameated Afasggensces, Washington, T0 | Iland Press, 1992, pp 5% {kwonga, Boand b Mo, “What s A
Clealily Feosyswem#” e 11 Kumpd, K Sigidinger aned K Sherman [ede ), The Golf ol Mexice Lanee SManne Vgosyaem:
Asscesmenr, Sastsimabling, ol Mampement™, Blackwell Scence, Eopland, 19928 pp 366-393 13k colwr Acfininons of
coisysiem bealth, see Anpeemcien, BT amd [ R Kaer, “Biological laregany versus Hiolopical Diversiy as Policy CHrecives:
Brenechng, Bione Resources” Biosdersc #4, 1990, pe &00.097; Sparks, 712, "MNeed for oosystem Managomean of | e
Fivers and 1T 1 loid Ploams,” Brargence 45 (3), 1995, pp 164182

Ll P cxample, see schaeffer, D], 121 Feracks and W8 Ko, “Losystom Delth Mleasunng oosystem 1lealh,”
Fueergasoceted Navapement 12, 1988, pp H5-455 1 Tlealih sbowld nor eepent on crrena Boced on il presence, ks, (i
condinion of o single species T Healdy <hoald et depend on @ consrs o vven doveniery of Faepe manlers of speocs 2
Fleslih shoold refleet aur knowledpe of sommal sogeessiom or eapectvd soguentid chamges that oocor namrally in
coorpstens 4 Whale the optunal healih measwres should be snple-valued (moitonich s wiry in o spstematic and
discernilple mamer, ceosyaem health docs nat have o be measured a5 0 single number Sinple awealeces compress a lirpe
numlrer of dimensits fone G eacl tope of iees) wea poane dar geometeally b eeno dimenziens 5 Hoaltls measuees
shouhl have w0 delined range & dlealdh caesn shoold be reponsive 1 change v afan vaducs but shoold met shoowe
shiscononuities even when valwes elunge over several decades 7 Health measuees should bove known senisacl properbes
if tleese are relevance 8. Crcena fon bealth agsessmeat mast Be relned and beerrchically sppropriate for wee b ceosysems B
[ealih measures siiould be dimensionless of share o comawn dazion 100 T lealih measoces el T inscasinee 1y dee
wdendper ol olervatiens, een some minimuom number of observations, alzo soe B Cosine and 3 Mawean, swpry vt 23,
R 395-402
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Box 2: Case Study: Coral Reef Phase Shifls in Jamaica

Jamaica's 705 lun long coastline has diverse ecosystems, including bays, beaches, rocky
shares, eshiaries, wetlands, cays, seagrass beds and coral reefs. (s shallow-water marine
ecosystems suffer from combined stresses of overfishing, disease, huwmicanes/storms,
sedimentation and pollution, ete. Duoe ko the difficult economic situatign in Jamaica,
fizhing 15 one of the few job opportunities for the fast-growing coastal population. With
240,000 people eaming a living from its coastline, Jamalca's waters are severely
overfished. Toeday the local Dishery supplies only a third of locai demand. Huge growth in
the toucsm industiy has generated some alternastive employment opportunites but not
enough to reduce fishing pressure. Mass tourism has alse brought swelling populations
and unmanaged development to the coastal zone.

Adverse imupacts on the maring ceosystem are most clearly illostrated in the phase shift of
eoral reefs. Dramatic phase-shifts of dominant species have resulted in reefs normally
dominated by corals lesing coral eover and being deminated by macroalgal species. Fram
1977 to 1993, live coral cover declined from 52 percent to 3 percent, and fleshy algae cover
increased from 4 percent to 92 percent. The phase shilt demonstrates how heman and
naturat disturbances may interact, and how an unhealthy marine ecosystem may affect the
coastal community.

Jamaica has made efforts to protect and restore iks marineg eeosystem. Measures taken
include establishing strategic padnerships, an integrated system of parks and marine
protected areas, integrated coastal zone management, watershed management, sewage
treatment intervendons, an aliemmative income programme, zoning and  fsheries
management, monitoring, edueation, volunteer and enforeement programmes.

Vierros, M., “Seas at the Milleanium: An Environmental Evaiualion: 1. Regional chaplecs:
Europe, The Americas and West Aftica”, fn CRUC Sheppard (ed.), Jamaich, zoog,
pp. 559-574; Bwke, L. &t af, "Reefs 21 Risk ir the Caribbean”, 2004, availoble at
http:f freefsatrisk.wriorg/rasestudy text.cfm?ContentlB=3348.

Sumvmary of key idens

{a) The tenm ecosystemn approzch bas been vanously defined in dilferene scrlings anl
thete exists no consensus 0n iks exact meaning A number of associated teoms are in
use, bur all refer 1o o comnprehensive, science-based approach to the conservanan
and MANAZLMETE of natural resources

{by The COP of the CBIY described an ecosystem approach as @ sualegy for the
intr:gmtcd Management of  oarmaral  resoruces that cqu.ilabl:,r [rroicTietes bt
copservanon and uolizaoon.

{c} An ccosystem 15 a dynamic comples of plant, ammal and  micro-opanism
communites and thelr non-lving envitonment interactng as 2 functional unie

()  The health of ecosystems is not only essenaal to the environment, buat impartant to
the existence and development of human soclery  Ecosystems are hfe-support
syslems and erideal w the survival and welfare of human beings
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Chuesuons for discussion

{2) What are the key features of an ecosystem?
{by  Why is ecosystem health so important?

{c) How do bumans interact with ecosystems and how does this afleet eeosysiem
Funcuoning?

3. The necessity of adopting an ecosystem approach

3.1 Traditionzl approaches and ecosystem approaches

Traditional metheds of marne resource management are usually based on species-specific,
sectoral and zonal approaches, and have rpically 1gnered the integrny of the eeosystem and
the inferacbon between ecesystem components These management systems have often not
achicved desired outcomes, have resulted in a patchwork of legisladen, policies, programmes
and management plans at the jocal, nagonal and international devels, and have not prevented
a deterioration of ecosystern health Madne ecosysterns in different parts of the aceans and
seas now suffer degradaton and deterioration to a greater or less extent &

Sectoral management can often be characterized by overlapping management areas and
conflicts of funetions and interests herween  different apencies, local  aurhoribes,
organizatons, and other concemed stakeholders This ofien leads to conflist berween
conservanen and development, conteadiction of plans, duplicanon of work, and lack of
communicaton and cooperaton berween vanious partes Scetoml manapement also often
ignores the interplay between different osers and uses of coastal and ocean resources, and daciy
common clfect on madne ecosystems  Stakeholders often act in their own intetests and defleoy
problems o other users

For cxample, one of the major shorcomings of the single-species approach in the
context of {Ishing is that it fails o 1ake into necount the fact that fishing activiy aot only
impacts the targer stock, but also impacts the ceosystern as well By-carch is inevitable with
unselecave fshing methods and can include endangered or threatened species such as sharks,
seabirds and wrdes, or benthic organisms, such as eorals Unwanted or uneconomical

by-catch may simply be discarded The single-species approach also fauls 1o mke into accournt

F WSS “ahillenninm Foosystom Agsessment, Eeosystemns and umun Wel-being: Biodiversity Spnthesis™,
Ulhapter 17 wf Agendas 20, Wiorld Resoucces losiimre, Washingoon, 1310, 2005, which s available ar
|11r|1n:.-"j"wwwl.'mil!cnniumn.x'sr_'.-c.-cmq:m trep falncumeenng Mdtewment 334 asps pdl
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the fact that, in addidon to Oshing acowirty, taget stocks are affected by factors such as changes
. ' ' : [ . 2
in abundance of predators and prey, loss of habitar, madne pollution and climabc changes

‘The tadidonal zonal approach to management involves dividing sea areas into zones
within which States exerctse different judsdicoon and adopt different management systerns
The major deficiency of tlus apploach is that polincel boundaries are usually not conzistenl
with ecosystem boundaries This discrepancy is exemplificd in the conflictung interests in
these zones, Including between coastal and lugh seas interests and between development and
vonservagon tnterests 11 has also led to the falure and mefficiency of manne resource
conservation il many sea aveas, and the consequent decline and deteriaraton of the marine
covitonment and resources

Reflecoons on the deficiencies of sectoral and xonal approaches resulied in the
conceprualizadon of integrated coastal manggement (ICMY in Chaprer 17 of Agenda 21,
which was adopred at the United Nadons Conference on Emviroament and Development
AUNCEDR) ICM aims at overcoming “the fragmentation inherent in both the sectoral
management appreach and the splits in jurisdicdon among levels of government at the land-
water imterface ™ Ic involves comprebensive plarmng and regulation of human actvites
wwards a complex sel of interactng objectives and aums at minimizing usee confhices while
ensuring long-teem sustaimability It also recognizes the need w protect the ceosystem, taking
intg account the effects of muliple uses and acknowledpes the limitadons of the secroral
approaches and the linkages beeween inland, coastal and ocean nses ™

Both ICM and ecosystem approaches have the poal of suswinable development of the
matine and coastzl environment and its resources. |he contents of these concems overlap
and the principles, rules and measuces adopted are generably denncal The major difference
15 that LCOsySHm approaches can be applied anywhere in the oceans, whereas [CM is specific
to coastal ateas Fcosystem approaches also place wmore emphasis on the integoty of the
marine ccosystem, and the management scope may be broader in case of a large manne

ccosystem {see Seenon 5 baow) so as 1o cover the entire ecosysiem coneerned

* EAD “Putdiag inep Peacnce e Eocosysoem Approach to Fisheries", 2003, ¢ 3, which s avadlable au
Frp: /B Eao orgddoerep Mo/ O0B S0 9T fal L9 e pul

o . ' . . -
In respomse 1o efieicne s b erecal appcenich baomormie o ecerLamcakts| proteeiion In r-:gmn.'ﬂ ek, LINER

launched the Regivnal Seas Frogramme, in which manne eaviommental protection s geogeapby-Based, sich on arempt w
attraedt full paroepaton of all geneceral hugeal Seoes o suehea eeptonal approach g oo peoved by as efTeoive s
arcamgreinents of scleennn agreements,

expiected [nosoeme rograns, some ol the coaatal Soanes hove noe jﬂ-‘il'H.'I.l Lhe H.']_:III;JII:II
whiel vadeemmcs the cllccoveness: of (e regional mechanbams o FE Wang, “Eoospstem danagement and Tis Applicieion
e Lacge plamme Ecanysivrs Saemce, [aw, and Poluies®, Qccon Derelopmens £ Infernvatrda: foaz- 35 (1), MMM, | GO

n Cacin-5an, 15 and W Knechr, “locepraed Cossol and Crcean Mamagement Concepts and Praciees’,

lslimd Pross, Waishingeon 120, 1995, p 29

o . . . .. . .
Yoo, Sh, e af < Lhe ecosyarert approach 1o fshenes: Bsues, wominelopy, principles, insttsseenal

Bammdagions, mplemensieon and oadeok”, BA0 Freberer Frebmrcnf Feaper 113, 2003, p 7
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Regarding the reladonship between these approaches, the Third Global Conference on
Oceans, Coasts, and Islands concluded that both "adept a holisie, integrated appraach
covering both envirenmental and socio-economic dimensions, and are basically similay;
however, the scale of eperation and level of management intervengon might vary with
tespect to geopraphical seile

s

" In dus sense, the “ecosystemn appreach 15 an evoluten of
imtegrated coastal and ocean management, with a greater emphasis on ecosystemn goals and
objectives and their outecomes. Moving 10 an ecosystern approach should be considered an
evolutonary swep in integrated management and action, not a break with the past”“ It is thus
important in developing an ecosystem approach o build on existing instbons and resources

Box 3: Traditional Approaches vz, Eeosystem Approaches

Tradilicnal apyroaches focos on managing ecosystemn parts:

[

Individual apecies;

MNarrow perspective and seale;

Humans achvities cvaluated for individual activities;
Resource management by sectors,

Scienbfic monitoring programmes focused narrowly;

AN LS

Singie use and purpose cbservations.

Ecosystern  appioaches focus on  ecosystem  ielabionships,
processes, and tradeoffs:

1. Muldple species, inleractions hetween species aned habitats;

Broad perspective and scale;

Humans integral to ecosystem;

Integrated resource management;

Adaptive management based on scientific menitonng;

I

Shared and standardized obsarvabons

NOAA, “Erosystem Management of Inlenelated River Basins, Esloaries, and Coastal Seas”™, 2006,

Y oltepiarns Frean the [ lind £30obal Comforonce n ooy, ©asms, and lshads, = 1he Terusy st Appeoacin to Intcgzaal
Lrocan and Coastal Managemen™, RSO0, Mo, foaey 23038, 3000, p 3 aeadlalyle 200w dnlzdocens o

gt 2
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3.2  Ddircet and indireet benefits of an ccosystem approsch

In an ecosystem approach, the assessment and management of the marine environment and
resources are addressed from mulople perspectves, wvelning narural science, rechnology,
socio-ceonotrics, law, and pelides The components of a manne ecosystern are protected
and rmenaged in ¢ holisde, itegrared mannoer, and the rclagors and interacuons amongr
components of an ecosystemy are  comprehensively taken into consideration This
mulbspecies and mulb-seciomal approach makes wp for the debiciencies of the adinenal
single-species and sectoral approach, which protects the rtarget species of exploitation
without taking into account dependent and associated species, or their environment In fact,
the major unpetus in the evolution from tradidonal approaches Lo ecosystein approaches has
been scicnce; in pardeular, further scientifie understanding of marne ccosypstems In other
words, it has become clear that the intereonnected and complex nature of manne

CCDS}’SU’.‘FI'.I.S rcquirr_'s an {;'.CDS-}’SI.'{_'H'.I ﬂl}]_'.‘ll'()i'lch

It has been suggested that the poal of an ccosystern appreach is to restore and sustain
the funcoons of ecosystems, based an their health, producovuy and biologieal diversity, and
the overall qualicy of life, through management systems chat are fully integrawed with social
and economic goals, tor the benefit of current and fupure gunuml;ians.“ In reladon to
fisheries, the goal of an ccosystem approach to fishenes is to plan, develop and manage
fisheries n 2 manner that addiesses the mulaplicity of societal needs and desices, without
jeopardizing the opdons for future generanons to Lenehit from a full range of poods and

. . - I
services provided by marine ecosystems

An ecosystan approach thus focuses on the mantenance of biolopical diversuy and
ccosystermn complesity, aimed a0 the long-term sustainability of the ecosystermn “Henltby,
intact, resilient madne ecosysterns have a greater capacity to provide the Rl range of
beneAes” 7 In the short term, an ccosystem approach may cause economic loss due to
lnitanons being placed on ihe exploitation of esources for the sake of long-term

sustainability [owever, such shost-term cansequences must be balanced against funure

L3 . . e] .
¥ lhe Remsar Comverinn on Wetlands, Sieaeeric appeoaches w reshwates managemnent Batkgrownd papes — The

vrosysterm approagh
" Reporr of the Expon Consalonion on Foosyscmn-baced Fisherics Mamgomens, Bedgavik, 1018 Seprembee 2002

” dlelend, KL, o af “Sricobhc Consensus Sacement on Mamne Feosystem-Hased Sanagonenn”, O esasetofied
Porernezliy for Sefeee onad efie e, 2005, avemdalale . bepe/ fooanpossonTine ong 2= ik
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, . . B, L. IR, ,
benefits in the form of sustainable ccosysiems and their associated communites © “History
has demaonserated ihat overexploitation of resources resulong in dinimshed diversity often
has both ecologieal and econemic long-term opportunity costs that far exceed the short-

an
wenn benefits ™

An ceosystem approach also allows for manne-related sectors to work in parinecship in
the proiecion and management of the manne emironment from a muld-sectoral
perspectove Coordinaten of efforts of varlous agencies helps wo reduce duplicadon of work,
reconciles conflicts ameng management cnodes with differeen mandates, and maximizes
lumited resources The spanal scale of the assessment and mansgement of an ecosystem
approach may alse extend acress mariime boundaries and jurisdictions to cncompass an
cnbire ecosystemn, and thus allows for the possible hanmonization of measures in the interest
of the integnty of the marine ecosystem Since an ccosystem appraach may alse deal wath
marine environmental and resource issucs “across” vardous global, regional and sub-regional
marine-related instruments applicable o the marine ecosystem concerned, it also permits the
implementation of these instruments o an integrated and harmonized manner ” The need
for $tates and relevany arganizations 1o cooperate and coordinate at all levels in dus respeet

I essendal,

[ndirect benefits of the health and sustainability of ccosystems are also much more hikely
to result from wa ecosystem approach since such an approach ataches more imporiance w
the integnty 20d balence of the eccosystems Indireer benefits, such as the health of
ccosystems, coltural hediage and spirual benefits, denve from the conservation and
protection of ccosystems and are hard o measure In monctary terms [ contrast, direct
benchts with economic value generate from the extractive uses of ecosystern components,
such as (shing and exploitation of ol and gas While oadigonal soctetal goals have
emphasized rthese diceet bencfits, an ecosystem approach broadens these poals to indude the

indirect bencfits of health and suswinabiliey ™

R . .. . . . .
Fhe Lcpsystem-Tased Fishery Mlamagemenr <A Reprrr o Comgress by the Fcosystem Principles Advisory
Paml, as mandaicd by the Sustainable Fisterics Aot amendments to the Magnuson-Sicvens Fishery onscrvaibon
. L i h
ard Moanagremenr Ace 1995, avadlable ac boped Sonew o e noas o sl EFAPrpe padl
i .
M Christensen, ef 2 rapre noie 16
TR Whang, spre aoee 30, 280
LAY - . . . . -
ROAA, “Aianne Pisheries Advsary Comonogee by e Beossystiom Approach Lask Farce”, Trratgs

Guiduie for Iogleeestny un Sandeve-basel Apiramd fo Feoberter Mavgemens, Aay 2603 o0 6, wemlable an
bt wewear vim s i ooy Socsdmadad S meceringsf 2003 _053feaafac_rev_Seh_Tlimalw e f mld
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Box 4; Learning About the Ecosvstem Approach to the Management of Small Islands:
Some Experiences f1om Mew Zealand

A ease study submitied to the Secrctariot of the CBD

New Zealand’s 600 small islands contribute encrmously to sustkaining and restoring the
indigenous biodiversity of the countty. Many species and ecological communitias onee
characteristic of the mainiand are now confined to istands.

An ecosystem approach can be applied at different scales across the range of islands and in
the context of an overall hiodiversity management strategy far the country. The 600 smail
islands range from those that are maintained as vninhabited and prisdne, to those that are
the subjeet of ittlensive restoralion and are often key sites for the recovery of threatened
species, to those where community objechives, incloding ecotourdsm and sustainable
traditional harvest, take precedence. Some of the management actvities, such as the
absolute protection of sub-antarctic Snares Islands gr restoration of Camphbell istand, are
povernment inikiatives, whereas other island programmes (e.g., Mana and Titttirl Matangi),
are collaboratons between eammunity and government. The success of these projects has
led o significant prowth in the' number of community and private island cestoration
programimes, a number of which aze in partnership with or initiated by Maori, such as
Ohinay Island. While some island protection and restoration is aimed at minkmising and
mitigating human impact, other projects are designed arovnd community knowledge and
aspirabons and provide opportunibes for people to interact with biodiversity.

The national island stratery provides abjectives, pracedures, best-practice and standards.
The management of New Zealand islands has evolved from simple pest eradicabon and
translocation of threatened species, Lo the planned restoration of the key ecosystem drivers
{e.z., seabirds), as illustrated by Wana Istand and the Mercury Islands. This invelves
remaval and minimisation of threats, the cstablishment of targets and measures and the
step-wise addition of mizsing components of the system.

While much of the reported New Zealand experience centres arouwnd the protection and
recovery of endemic species and biclogical communities, the story is not complete without
ackndrwledging the tradibional gwnership, harvest and management, of island resources by
Twi Miorl, notably the Ralkiura tribes. Their ownership, management and long-tetm
traditional harvest of tio or muttonbirds (Puffinus griseus) is the subject of collaborative
research on sustainability, co-funded by the government and managed by the Rakiura Tid
istands Committes and undeitaken jointly by the Committes and the University of Otago.
Thiz initialive and recent worlt on co-management of marine respurces llustrate some of
the challenges and benefits of acknowledging and incorporating tradibdenal ownership and
knowledge into a shared vision.

A case shody by T Hay and B Wright, New Zealand Depattment of Conservation submitted to the
Secretariat of Lhe CEE, available at: hitp:/ fvowwe chd int.




Tovtrcscl et tre an Brooy sigm Apprsadch 12

Surmanany of key ideas

(a} [radinonal methods of marine resource management are vsually based on species-
specific, secraral and zonal approaches, which ofien fail to taken into account the
integrity of the ecosystern and the interacton between ecosystem cornponents, and

therefore have often not achieved desired curcomes

(by Sectoral management can often be characterdzed by overlapping management areas
and conflicts of Ffunctons and interests Dbetween  different  apencics, local

authorilies. organizadons, and other concerned siakeholders

e} ICM awms at overcoming the [rgmentation inhereot in both the sectoral
management approach and the splits in jurisdicdon ameng levels of government at
the land-watcr interface. It involves comprehensive planning and regulagon of
human activities twwards 2 complex ser of interactng objectives and aims ar

ruaimizing user conflicts while ensuring long-term sustainakihiy

{d} Icosystem approaches are based on the idea that more holisde, integrated and
adapiive management approaches, based on scientfic information, will maintain
ecosystems in the sustminable condition necessary to achieve desired economic and

social benefits

{2} In an ccosystem approach, the assessmemt and management of the marine
environment and resources are addressed from multple perspectives, involving
natural seienee, technology, socin-cconpmics, law, and politics The components of a
manne ecosysiem are protecied and managed in a halisne, integrated manner, and
the relations  and  interactoons  among  compeonents of  an coosystern are

compr{:hmmivcly taken into consideration

Cruestons for discussion
(a}  Whatare the shorteomings or deficiencies of tradinonal approaches (o management
and how are these overcome by ICM and an ccosysiem approach?

() How weuld you characterize ccosystem approaches as an evolunon from tradidonal

approaches ro management? What has caused dus evoludon?
fe)  What aze the dizect and indirect benefiis of an ceosystem approach?

{dy What are the gcncrﬂ.i poals of an CCOSySECT :lpprnrlc_h?
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4. Ecosystem approaches

41 Ecosystem approaches that focus on maring ecosystems

As noted above, there is no single mternadonally agreed definition of “ecosysiem approach”
and the term has been interpreted diftercody in ditfercon comexts The related terms that are
in use, locluding an “eeosystern-based approach”, “ecosystem maragement approach™,
“erosystem mamgement approach”, “integrated ecosystem management”, and “ecosystern
considerations”, all refer to a comprchensive, science-based approach to the conservaton

"

12
and tmanagement of narural resourees

As there are vadous wrms in use, so also definitons and explanaions of the same
term ean be different The eesult 1s a range of approaches that differ 1o their abiliy to
incorporate ecosystem information and in the depree to which management orentation s
focused on maintaining the susiainability of the ecosystem ¥ For example, the “ecosystem
considerations™ approach does not make the claim rhar the eeosysiem is the pame focus in
decision-malking and ccosystem informalion is simply considered as part of the basis for
management © In coatrast, “ccosystem-based management” (EBM) calls for an integrated,
comprchensive, approach 1o the management of all human acuvities in a marne
ccosystern & There are also various definitions of the wom  “ccosystem-based
management”,” and in some literature, the woms “ecosystern managemeot” and “ccosystem-
based management™ are used interchangeably In addidon, there is Liede agreement on “the
new terminology, coneeprual categoties, and classifications” used 1o diseuss EBM N

Along with s vatious explanations, the teoms EBM and ecosysiern management are
expressed in different pluases, such as “intcgrared ecosystem mapagement”, and “roral
ccosystern managoment”  Too his eespect, the term “roanagemnent” might geneeally be
defined as the regudation of human actvites and resources o achieve certam objectives. ™

.

11 Wy, segieee g 360, pp 11 -

Vo hsric, 1, et e, “Assessing e Fuibilite of Heospstom-based bebdes Managemuent ine Teoqrical Centests”, Al

Paiy 31,3007, 1 241
et e 240
L

v a lia o selercd definitrons of ooospaen management, sce N 1 hristensen, ef @f, tprr none 10

* Corner, ENT, & od, " Densomutional Larebees and Inceadves for Lcosystem Bhmagemenn, Gen fech Bep FNSSGIR-

338 Poarland, Depariment of Apnculiuce, Tvccss Serdee, Paefie Toohwea Resssaodh Staden, 1906, 5 35

*® s - -
Alesander, |31, "hlanagement of Targne dacie Bcospaaem: A L of dhe Sea-Bawed Governange Regime,”

FU Kumpf, K Srcidinpee ane K2 Sherman {ods 3, " The Gulf of Mesico Lavgee Manae Bompstem: Assessment, Sestinalsbry,

anil Mapagurieny”, Maldin, Blaclwelf Science, 1999 “Managemeat! has also beea defingd as, "2 continunus, inemcive,
aekipive, prarcipatoey peocess comprrsed of ool ol solaegd msks, all oF which muast be carded st o aclic vy o aesioed et
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O the other hand, “ocean management™ means the coordinadon of various uses of the
' - - 4% '
oceans and the protecdon of the marine covitonment [t hds also been defined as “the
. . . . . , S5
process by which specific resources or areas are controlled o aclieve desired objectives’

T'he Commuttee on the Scienufic Basis for Ecosystem Management of the Ecological
Society of America defined the term “ecosystem management™ as management based on the
“best understanding of the ecological interactions and processes necessary o sustain
ecosystemn structure and function” ' It defined “ccosystem-based management” a3 a
systeric process anned at the sustainable use of natural respurces largely through the
integradon of economic, ceological, social, and rechnological elements, and the protection
of ceosystems in the uillization of natueal resources ™ 1t is undersiood that decision-tnaking
in the process of EBM takes inte account all major componcnts of the affected eeosystems,
including the adjacent ccosysicms

Box 51 What is Ecosystem-based Management?

Eposystem-based mansgement is an integrated approach o management that copsiders
the enbire ecosystem and the cumulabive impacts of different sectors. More specifically,
ecosystem-based management:

» etnphasizes the protection of ecosystem structure, funclioning, and key processes;

= is place-based in focusing on a specific ecosystem and the ranpge of achvibics
affecting it;

» explicitly accounts for the interconnectedness within systems, recogmizing the
importanee of interactions bebween many target species or key secvices and other
non-target species;

+ acknowledges interconnectednass ameong systems, such as between air, land and |
zea; and

» integrates ecological, sorial, economic, and inslitutional perspectives, recognizing
their suong interdependences,

I

I

|

MeLeod, KL, e el, “Scienliic Consensus Statemend on  Marine Ecosystem-Bosed {'
Management®, Communipation Perinership for Science and the Sea, 2o0s, available al:
ity frompassoniine.orgf?q=EBM.

of woals and ubjuctives, however hose gosls and oljecwves are cotablished and speeified ™, 1081 Basies, Whar
Ahwgagrements™ avilabile ae: weaavplalboens ong

" luda, 1. and B HE Buergughe, ™ he Peospeci: for Comprehensive Uoen Alanapement,” Afunac Mol 1101}, 1990, pp 2335

o Caom-Bain, B oamd B9 Kneclo, ™ Fhe ucore of 1% Dccwg Priliey: € hoices e the Mew Cemuey™, sl Preas,
Wrshangerom (3T 3044, o 14

N Christensen, o af, dugnd e 16, pp G089

B Mk 1@
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In this comtext, it is sciendfieally tnore aceurale to speak of “ecosystem-based
management” or “an ecosystem approach to management” as opposed to “ccosystem
management” The term “ecosystern management” implies conirolling and managing an
entire ceosysten as such, which 15 beyond the abiliy of humans To fact, hwnans cannot
conteol coean currents or most anitnals within a muioe ecosystem As such, EBM focuses
on managing buman acoviges, rather than deliberately mampulatng or managing eatire
ecosysierns | An “ecosystem approach te management” is defined as “management that s
adapuive, specified geopraphically, wkes into account ecosystem knowledge and uncertunges,
considers mulnple external influcnces, and strives to balance diverse social objeciives”
In fishenes management, an ccosystem approach o management infends to maintan a

o . . : i
hoslistic perspeetive on fishedes as well as other aspects of marine management

4.2  Ecosystem approaches that facos on fsheries

In the comext ol madne ceosysiems, “ecosyslems-based management” and “ecosystem-
based fshenes management” {EREFR) are different, but complementary approaches As
discussed above (see Secoon 3 1), managiog indradual sectars, such as fishing, is pecessary
but net suffictent Lo ensuce the continued praductivity and resilience of a marne ceosystem
“Individual human acdvities should be managed inoa fashios that considers the mpacts of
the scctor on the entire ecosystem as well as on other secrors The longer-term, ntegrated,
cumulanve impacts of all relevant sectors on an coosystermn must be evaluated, with a

' . ' . ' [ 0
mechanism for adjusing impacts of individual secrors ™

o tlus respecr, EBM calls for an inegrated comprehensive approach to management of
... . . . . 47
all huroan actioes affecung oceans and seas, instead of focusing on bshenes ™ In cantrast,
EBEM is defined as “fishery managemene acoons mimed ar conserving the structure and
, . . ' . . Ak
function of madne ecosystems, o addition o conserving the fshery resource’

It emnphasizes an poproved vnderstanding and management of stock interactons, stock-prey

SN | nleleenl, ef o, mgpwe miste 37

HOROAA, “Internal Eeospstun lesearch amg Sciemer [ask Tean,  Pramwwork fer oo sleenal

Review  of  ®BOAAT Beosysrom Regearch ol Sciesge Futgrpeisg”, which 05 available ae
wwve sl o pon A0S Far_fRev_of_NOA A Bevsysiem_Research_amd_Sciemec_Entcepese_Ermewark pef

o Uheiane, e af, pgeranun, 63
Hued

1)

i
"

Moy .
Fcusyamemi-lased Dishery Manogemen, segre note 348, 0 39
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reladenships, and habity protection A ser of policies and princtples is required to reduce
and eliminate impacts ol fisheries on the ecosysteny, including the contral of overfishing

and reducton of by-catch.

The purpose of an Yecosystem approach o fisheries™ (EATF) is "o plan, develop and
manage fisheries in a manner thar addresses the mulaple needs and desires of societics,
without jeopardizing the options lor future generanons to benefit from the [l range of
goods and services provided by matine ecosysiems™¥ AR diffcrs from the EBFAL
approach by balancing socic-economic needs with ecolegical {funcden. Tr focuses on fishery

L . . - I
MAanagement to make decksions while tFl|-.'.lI'Jg o account other ECDS}-‘S[EII‘I COmprancnbs

Although there are relative discrepancies berween vanous terms concetning ceosystems
approaches 1o hshenies and marine ecosystems, it is clear thar individual management
activities such as fisheoes managoment should be inteprated with, rather than isolated from,
the holisic management of the cotire marine ecosystem  In the internadonal coneexr,
CCAMLR prondes a good example of implementation of EBEM. [n the developing State
tontexst, the Fisheries Improved for Sustainable Harvest (FISHY project in the Philippines is

in the early stges of EBFM {see Bax §)

Box 6 EBFi Case Study: The FISH Project

The FISH Project {Fishenes for Improved Sustainable Harvest) is a seven-year effort
forused on strengthening the capability of local and national institubons te manage
coastal rescurces and marine fish stocks in the Philippines. FISH has adopled an EBFM
framework and aims at a 10% inctease in fish stocks in four Larget aceas by 2010.

As detailed below, a combination of growth, control and maintenance mechanisms ate !
implemented in close eoordination with fishers, local government umits, natienal
government agencies and other key stakeholders:

L Growth mechanisms - to enhance fisheties production and marine ecosystern 7

1 " 1

mtegrity. i

« Encourage environment-friandly economic development and revenué-generating
mechanisms such as marine ecotourism, wvser-fer system and appropriate
asquacnlbure.

:
e e i}

A dmprid et 29, oy Fok
P Chrsoi, o o sagd i 43
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2. Cantrol mechanisms - to allocate access to fisheties and eocastal resources.

= Identify reskrictons on Ashing gear, fish size limits, fishing arcas and seasons to
achieve sustainable fishing based on the results of the baseline assessment, critical
threats analysis, and stakeholder planning;

» Register fishers and issue licenses for fishing vessels and gear (municipal and
commenrcial} based on estimated sustained yield of fish stocks;

# Estallish a licensing system supported by legislaton for commercial fishing vessels
te pperate in areag where sustainable yields of fish stocks can be expected and
regulated; and

+ Train coastal law enforcement units to enforce fishedes and other coastal rescuree-
related laws.

3. Maintenance mechanismms - Lo improve institubional capacity far fisheries and coastal
IeS0UrCe management.

o Develop coosystem-based fisheries management programmes to address erideal
threats to fisheries and other coastal resources;

v Closter local govermment units inte viable fisheries and coastal 1esaurce
management units in association with interagency and multisectoral collaborative
mechanisms for planning, tmplementation and enforcement;

= Assist stakeholders integrate population and reproductive health programmes in
fsheries management;

= identfy appropiiate and efficient market-based incentves for compliance and
investrments in sustzinable Gshedes; and

= Promote public-private partnerships for fisheties management.
FISH is unigue for the Philippines and other tropical countries in the following ways:

s The definition of project larget areas was informed by ecological eriteria (fisherics
Beundaries that represent ecosystern fundction) mther than based mainly on
peliical boundaries,

s The project is working with groups of munieipal and provincizl government
agencies whose Jurisdictions cover the fisheries ecasystem of concerz

» The project’s planning process encourages municipal governments to loclk bevond
thetr boundaries and commit to an EBFM plan as opposed o only municipal
povernment plans.

« Ecosystemn response to management interventions will e measured throughaut
the project with specific and ambitious goals of 10% increase in hiomass of selected
fisheries in focal sites of the larger project target arcas.

Christe, P, et af , "Assessing the Feasibilily of Ecogystem-bazed Fisheries Managoment in Trapical
Contexts”, Aartne Pelfcy 31, 2007, P 239-250, One Ccean - The Philippines' Coaostal and
Fisheries Management Information Center, available at: hitp:f fwww.oneocean org.

—d
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LDrespate the vanous cancepts and definitions related to an ecosystern approach that

focuses

largely

on marine ecosystems or on fisheries, and discrepancies in imeanings, there is

no difference benveen the terms with regard o theic general critens of

sustainabiliey, ccological health, and inclusion of humans in the ecosystems as well as ather

specitic

Hamima

(a}

(b)

-

' T =
criterla
v of kevideas

There are a number of terms in use that deseribe an ecasystom approach and
detinitions and explanations of the same tecm can also be diffetent The result is a
range of ecosystem approaches that differ in their ability (o ineorporate ccosystem
informadon and the degree 1w which management onentaton is forused on

maintatning the sustinalility of the coosysiem

Leosystem-based Qisheres management aims ar conserving the structure and
function of marne ecosystemns, in addidon to conserving fishery resources Ty
emphasizes an uwmproved vnderstanding and muanagement of stock interacoons,
stock-prey reladonships, and habitat protecion, and requires policies and principles
to reduce and eliminate impacts of fAsheries on the ecosystem, including the control

of overfishing and reduction of by-catch.

Despite differences in the varous concepgons and definitions of  ecosystem
approaches, these ecosystem approaches emphasize sustainalibty, ceclogical health

¥

and inclusion of humans in the ecosystoms

Oluestions for discussion

fa)  What ace the k(‘ﬂf eleiments of ceosystem-based mnﬂngcmcnt?

) Describe examples of ceosystam appraaches 1o maring ccasysterns and Asheres?

(cp What is the main difference between the various concepis of an ccosystem approach?

{(d)  Whar ecosystern appraaches have been adopted in your region(s)?

N

% Lo rhas restm, some schokcs lave advecared e wee of oaly seng cem, such g “reeystem-based managemem”
See, Lo cxwmple, Arkemeal, K, erod S Bosyston-aned Magesment rom Characieozamen o Implomenmes’,
Frort B oodgdad Kardrgreszer 4 (10, 2006, pp 525-528 | has manuil will vse maere peneral 1eommadogy, such an “an coosystem

apperach’”
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5. Ecosystem approaches in interpational law and policy insiruments

5.1 Glehal instrumcents on the application of an cousysten approach

I'he crigin of the movement towards an ¢cosystem approach is said 1o have been a proposal
of the International Council for the Bxploration of the Sea JCES) at ws first meeting in
1901 This iudsove was the consequence of an awareness of the limhation of matine
resources and the adverse impacts of over-exploitanon Since the mud-1970s, ICES has been
giving increasing prominence o a muld-species approach w the management of manne
living resources,” and the approach hes evolved inta a broader concepr of ecosystem

|: L
II.['JP [RaH LA L)

The movement towards an ccasystem approach has been geadually promoed wotldwide
Since the 1930s, dhe concept has also been incorporated into a series of ternanonal Jegal
instrwments, as described below For a descnpoon of the wnternanonal povernance

[ramework for au ccosystem approach, see the Apnex o Mocule |

COAALR

The first global convennon to adopt an censystem approach was CLAMLR * The imperus
behind s Convention was the concern in the 19705 over the large-scale kil fishery and its
harmiul impact an the whele Antarcde marine ccosystern Since krill forms the basis of the
Antaccte food chain, s exploitadon threatened o jeopardize other dependent and
associated mmarine ving resourees in the area * In view of the impottance of the incegrity of
the Antarctic ecosysten,” the objective of CCAMLR is w conserve the Antactic madne
livicy: resources,” which are defined as “the populinons of hn fsh, molluscs, crusiaceans
and all other species of liviag orpanisms, incloding bieds, found south of the Antaccric
Convergence”

S Sherman, 1 amd LA Alexander feds b, * Introduction to P Chc: Case Stedics of Permarbanions in Large Marine
loosysrems", Biamarr 3l and Seography o Larpe Al Bearpsterrs, Colomdo and London; Westeicw Press, 1989, p 3

Mf‘;i.‘l.'_, for  cxample,  the 10ES Steatcwic Planp, Yebroary 2007, which s available  ac
I Fwwew ices db Sceswaoek fstenrepic%aX0plan -fimal pdf

¥ Camvention oo the Comseevanion of Antarclic Slabne Living Resewrces, anoer note 14

¥ Gullond, [A, The Anlrete Preary System as g Rosewrce Almagement Mechanism, a0 G lripgs fed ),
“Ehe Anmecie Teeary: Law, Environment and Rezoveces™, Cambrdee University Press, 1987, p 220

ST gAML Sciciific Comimirey, lersyswem Aparoaci, premble, svadille s ey faree coanls vegfpufefsef ceo-
apipemic i

e AMLR, arvicle 2 (1)

W ey
fid, arnche 1 (23
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The ccosystemn approach to marine lwing resoucces conservaton in CCAMLR is defined
primarily in sub-paragraphs (b) and {c) of article 2(3) of the Comventon ™ First, sub-
pacagraph (b} requires the maintenance of the ecological relavonships beeween all the
organisms concerned In the Antarctic ecosystern The conscrvation measures, therefore,
focuzs not only on the harvested species, but alsa invelve the dependent and related
populations For cxample, while regulanng bshing for argetr species, such as kil
consideration needs to be given to the impact of fishing on these populations; however the
impact on dependent or associaled species whao feed on kall, such as whales and penguins,
also needs to be taken into account In other words, dependent or associated species should
be protected from the adverse inpacts of harvesting the targer species This mulo-species
appreach differs from the tradinonal single-species approach under which only the trget
species is considered when setting catch limits

Second, sub-paragraph () provides thar the Antarctic manne ecosystem 13 to be
preserved from preversible changes and reflects the so-called precautonary principle Ti
means that any sk or threats of long-werm adverse effects on the Antarchie madne
ceosystemn must be prevented or mimimized without delay, even if sufficient and solid
scientific evidence for such effects is not available ™ The precautionary principle plays an
important role in the ecosystem approach of CCAMLR ™ One important aspect of this
approach 1o the prescrvagon af the whole Antarctic ecosystem is to set a “conservative {ic
precautionaryy krill cach limit” to 1ake aceount of the needs of assaciated species and o

- - - - ™
prreserve the ecnh}glcnl sustunalihiy of all the SPOCICR concarned.

W Arbcle 2 (3 cmres:

Wny Towrves e and as<acimed aciviies ol e e whach his Canvearson sppbes shall Be conduecied in seordangs with
e pf::l.'isim:s ol 1his Conventaon and with the fq’.n]hm'iu,; ponciples of conservitien: (1) Fruvenlim'. of dectease in e sive
of any havvested population e Jevels Tredow hose which ensore i snble recruioment Foe dhis purpose 15 2ize thoabd o
by allewced o Fadl Below o bevel ehese wy b which cosuces the provesn nel anmel iucoemgnt; (T medsienanoe of the
ecileyneat relanonships betweon harcesicd, dependont sl selated ppalanioas of Anarcie maine lweing reseces wnd the
rpstoation af Jeplered popalatens o oahe level: defined o sole-pasagsiph (o) alve and () prevenoen of ghanpes o
minkns i of vie m:koof l:h:hlt:r_'.‘: WL b ranne SRR ] wlnch ice 1 ]11]|1,'I'IIII.'I|!:|.' eevepsille rever wear three decades,
Cakang mtes aecoumt e state of avalable nowledge of ahe dinecr and indisect mpace of haevesdnge, dwe effeer of (e
imrdugiian of alivn speocs, the effeos of assedaed sowvites on the madne ceosrsten amd of the efivos of
v itrar el Chen s, watle e st ol makseyge paesabile the suaisinel comseevation of dAmaschic marine Tving resoueces ™

Iyster, B, "Intesnamomsl Waldlife Laws An Analysis of Ineeroaainal Treaces Conceraning widh the Congervamon nf
Wldlefe"', Camlodpe, Univeesioy 1Proess, 1984, p 138
71 .. . . . .
Ponciple 1% of dwe 12 Rio Declaraoon which peovides for thy precioeemary appersch @res
"l onder 1o podeo the cnvivommens, he peecaoiomare apporcd sall beowadely applicd by S aeconling e thar
cupabilioe: Yo thow are st 0f senioas g irrgvgedhly Jamage Tk of full scicoalic ooty slall o T psed s n
s fur prpstprsning cosd-effocice mocasores 0 prevenn encinoemen 1l dogedinion ™
iy - . . . . .
Far 1 dizeasson oo the bobapes booween the peecauiomey prnciple and comsvslam mamagemoend, see Kave, 5500
B rariol Fishooes Mavsgement”, The | Tague, Dondon, Boeston, Bawer ntemadond, 2H0, pp 273-271

YOO ASH I, st none 67
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The ccosystem approach in CCAMLR is further reflected in us geograplic scope of
application: the whole Aniarctc area within the Antarctic Convergence, which is the natural
ceological boundary of the Antarcnc ccosystem * Furthermore, reparding siocks or stocks
of assaciated species, which ocour both within the CCAMILR Convention Area and in ils
adjacent marine areas, CCAMIR provides for the hanmonizing of conservadon measures
adopted 1nogspect of such stocks * Lastly, COAMER provides mechanisms and omeasures
to wmplement its ecosystern approach to the conservaton of the Antarctic manne

ki)
CCOS j‘S[Clﬂ

In short, CCAMLRS ecosystem approach 15 innovatve apd has beon recopnized as
setang the benchimatk for a new wernaoonal regime for the conservanon of manne Living

FESOUECES
Lineted Moetéonn Caprentinn an the Lo of the bea

UNCLOS provides the legal {ramework for the unplementabon of an ecosystem approach
with respecl o all aclvites condocted in marine areas Mihough UNCLOS does not
explicidy provide for an ecosystems approach, its objectives and relevant provisions are

. . 3
supportive of such an approach, as deseribed below

T ewicle | (1) of COARMLER reads:

Llus Caeeentiome apphes e dlie Anecdie marne Tongs cesaucces ol the aren souil of 607 south Jatioude and 1w e
Antarcle maring living vesouees ol e e betvaeen than latinnde and the Antarcec Convergeace wiicly ferm parg al 1he
ANCOCHC M e coogks o

Ehe Sntwrcdc Convergenee i wiheos warmer subi-Amacchic waters Qowing sauth moeet the elder Antarctc s wa
upweltivg zoise of considerble aologieal peodugniviey, feming a marozal binlogical feoover which separares diseinct manne
commmenities G cither giee 1 eovernee catends bepood the boundary of the Amaccee Treaty soga an 608 Sourh Iaciouele
smed includes an imporrane weea berseen tie Comvergence and 6F Svuth Tavioade wheoe many of the ke coneentations
of knll are sinmeed  Baied, #, Fshing sod e Soocthers Cheeane The Gevelopment of  Fisheoes and dwe Rele of
COABMLR in abeic Management™, Warrerrisy of fesmanie Lo Hegew 16 (2], 1997 p 1680 Mochel, B oaod | Lhisder,
“Anmronc and lis Resooeoes™, Lenden, Faodiscan, 1980, ¢ 6l

G CHAMLE, aracle 11
P e parogubaly arncles 7,20 WL LL T4, 15, 21 af GUAMLR

LA Alesander, meprer e 58, pp 312-5103 Bioie, B, e Dwendeth-C eoney danne Conservabgon Convenbons
Adaprable o Pwenty-first Convrucy Goals ancd Fameples? Tann 170 T fererparetsnad fesreal of Al aod Coead Low b2 (5
1997, pp 307-330; Clrcepas Yicena, F, "The Changing terastonal Law of Fligh Sees Feshenes™, Combindge Univeesaty
Press, F999, p 280 Ates, L " Phe Approaches of LBSCLOE D1 & Agenda 2i- A Spadhese”, ds AEK Aomadya, B A
Measaboand BRI Qsman {eds ), “Sestainable Devclopment and Preservanion of ibe Occans 1he Challenges of UMNCLOS
amcd Apenda 28 Phe [aw of the S Insioore, Willam S ichacdson School of Law, Universing of 1w, 197, pp 138
and 3T-0B; Rimball, Lo, ' Unired Mations Conventmn on e L oF e Sead A Feamcaeerl for Aene Comsgeoeation ™ G
(LM, e Liiegr” s Ve, Prommer sed Regpsessinidsies o fngivaernng ide Coneenrde, Tart 1, Gland, Sodisoerland; 1L, 15993, pp
7 and 103 Flayashi, A0, " The 185 LB Fich Swocks Sereecmeon and the DLawe of ol Sea™ e D2 Vidas and WO Ohsoreny
sy, Ceder Too the Ocuains an the Darn of che Ceniury™, Sl Lar Deeesarons, Phe Hagae, London, o, 199, oo
A8 Fley, 15,7 he Tegdmue for die Exploiranon of Lansbosndarys dMaane Fishenes Resowrces: | he Dinied Matons Lo
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First, an ecosystem approach coineides with the spinir and objecdves of UNCLOS As
siated 1 the preamble, one of the objectves of UNCLOS iz to promete the equtable and
cthicient unlizabon of marine resources, the conservaton of manne Lving rescurces, and the
study, protection and preservation of the manne eovironment © Moreover, UNCLOS
cecopnizes that “the problemns ol ocean space are closely interrclated and need to be
considered as a whale™ These provisions support the view that an integrated ecosystem

nppmnch is the opdmum manner to deat with cumplcx Issues of ooean management

Second, a munber of provisions of UNCLOS are relevant and embrace atuibutes of an
ecosystern approach, including arocles 61, 63, 64, 66, 67, 118, 119, 123, 145, 182 134 (1) (3}
and 211 {6}, as lighlighted below

{a) UNLLOS not only recognizes the inlerretation berween harvested species and
associated species, but also the eeological integrity and peographical interrelation of
transboundary stocks ' The geneeal principles concerning marine living resources
require States 10 adopt conservation and management measures based on the best
seientific evidence available and designed to maintain or restore harvested specics at
levels thar can produce maximum sustainable pield, as qualified by relevant
environmental and econormic factars. According to arueles 61 (3] {4) and 119 (1) of
UNCLOS, when determining allowable carch and  establishing  conservanon
measures {or living resources in exclusive eeonomic zones (RIZs) and high seas,
respeedvely, the interdependence of stocks and the cffects on dependent and
associated species are to be thken into account with a view to mainiaining or
restoring populations of such species above levels ar which their reproducnon may
become scrously threatened Acdeles 63, 64, 66, and 67 recopnize the ecolagical and
geographic lntegrity of certan stocks as well as the mterrelanon of conservadon and
management measures between El2Zs and the lugh seas, and require relevant States
wr conperate Lo varying deprees in the conservaian and management of such srocks
In the ease of highly mipratory species, acticle 64 provides for internatonal

cooporative arrangemenis for conservaton and optdmum vdlization o apply to the

of the Be Convemdion ['_'.mrpl._'r'.lr'lrm Tre P S, hiasnnys N%‘.I.:;FI’ Pulihghars, LDasedrochin, 15osn, I_.l,;||||;|1_|,'|1I 1980, M l
N0, presnlile, par
A example, e Jamnaiei-Colombin ot Repime Arca For other examples of magtime joing management

Adevelopiment aones, see Muna Borgese, 08E, e Ologame Cirgles Doversing e Seas v A Clobal Resoures™,
Uivited Matirgs, Usviversity TPross, Tokys, Wews York, Paos, 1998, p 133

£l Comminee i the Svvronmenn, Repional Plomog sod Local Swhaocries, Parlzeoeary Adscmbly, {ounel of
Furoqee, P Ovcees Stare of the Murne Eangronencar ued 8ee Trowh e Dvernatione! Law of the Tea, Repon Doc 3177, 1098
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enure migreatory tange of the stocks Auocle 84 s “in fact dealing wuh such

. EX
resources In terms of ecosystem approaches™.

{by  Socio-cconomic faciors are also 1o be considered in the conservabon and
management of manne living resources under UNCLOS For example, areles 61 (3}
and 119 (1) fa) provide thar economic factors, including the economic necds of
coastal communities and the special reguirements of developing countries, are to be
taken ioto account when determining allowable catch and establishing conservation

and ma MAFCMEnL Measures

{c) UNCLOS conmins speafic provisions on the prowetion of mre or fragile
ecosysterns  and, mote pgenanlly, of the ecological balance of the manne
environment Basic principles om the prowection and preservadon of the matne
environment require States to protect all arcas of the oceans from all sources of
degradation, as well as w0 adopt special measures for rare or fragile ceosystems and
the habitats of depleted, threatened or endangered species and other forms of
marine life, as provided in arocle 194 {5} Pursuant to arocle 211(6), where
international rules and standards are inadeguate, special measutes inay be applhed by
the coastal State, as approved by Internadonal Mariome Organizaton (IMO), (oo the
prevention of polludon fromn vessels in a clearly defined aren of the B2 recognized
for its oceanographical and ecological conditons. Ardele 145 also expressly requires
the protecton of “the ccalogical balance of the marne environment” from harmiul
cffects of activitdes in the Area, defined in arcticle 1 as the seabed and ocean Boor and
subsoil thereof, beyond the limits of natonal jurisdicion ®

{4} UNCLOS also contins other provisions o facilitate an ecosystermn  approach,
mcluding the gencral oblignuon of States to protect and preserve the marine
envirgnment,”  internadonal coordination and coppuration in the conservaton and
management of marine living l'l.’:SGUl’CL:‘.i',,“ and the unlizaton of the best scienahc

- . b2
evidence availalle

N Ohrrern Yiowa, mper peae 78, p 42

R See aleo Amnck of the 191 ,"';E[r_':_':m_'nl: relaning 40 the ||:'||'|n|1;m|;'l|l:|.l:|t||'| ool 1aren X1 o ahe Uniced Maocns Comvenesa

ant i Lo ool ahe Sea, paraz 3 and 7, Secoon 1
BORCILIS, wriche 192

Kt B, (e peenple, apneles Q1) (35, 63, o-b, 6600 07, DEE, 123, 100 el 197 af LT OIS Tie reguiseimens of aricle
L2Y G che evmeediniionon and conperanen of Sones bondenng enclozed or semi-enelosed scas in the oo andd
ezt e uof Benye eesorges w thesy s 15 pacooakaely impoeont Becse =ome Large 2 0one Rousraoms are defined
s osmch seas See h] Alosnder, sgone note 43

R See, foe peamply, LINCTAS, aonicle 6102
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More claborate ccosystein approaches gradually evelved after UNCLOS  Some
instruments, especially Agenda 21 and the CBIS, moere speaifically envisage an ecosystem
approach The concept was developed funtbher by the 1995 United Nanons Agrecment for
the Implerneniadon of the Provisions of the United Mation: Convendon on the Law of the
Sea of 10 December 1982 relaung o the Conservanon and Mamagement of Straddling Fish
Stacks and MHighly Migralory Fish Stocks, also known as the United Nadons Fish Stocks
Apreement (UNFEFSA), and the 1995 FAD Code of Conduet for Responsible Fisheres (scc
below) ¥ Since the adoption of UNCLOS, a number of new concepts and principles have
also  emerged, including Large Manmne  Teosystems (LMEs) and  ecosystem-baszed

management, many of which were incorporated inwg later instecuments, incleding INFSA

With respect to fisheries, UNFSAY detailed regime governing straddling fish stocks and
highly migratory species was negouated and approved on the basis of principles and
concepts embraced 1o UNCLOS, including the prowisions supporting an ccosystem
approach © The approach provided in Part V of UNCLOS with respeet o Bsheries
management “is deliberately pardally ccosystemic in nature (e, larget species must be
treated in conjuncdon with associated and dependent species)” ™ “All necessary
components of a changed fisheres managemenr paradigm® " can thus be found within

GNCLOS ™
N J‘ :;run"ﬁ 21

The 1992 Declration of the United Nadons Conference on Environment and Development,
known as the Rio Declaragaon, 1z well-recognized as a milestone in the development of
internadonal envirpmmental b It not ooly eaffirmed the 1972 Declaradon of the United
Nadons Conference on the Human Lnvironment (Stockholm Declaraden), but also

- . . L '
introduced new principles, including an ecosystem approach

w1 . A .
Lol oo Comthuct Tor Responsabbe Fizhing, avaklble an soasw fao s 0 sgreemn feiale condiennde asp

i o p 13 Sawe alen Dahindee, Ay Cowmmenrs m | ght of the Adoption of the 1995 Agreement for the Consersiion
and Alimagemend of Stenddiing Fish Stocks and Highly Migratoey Fish Soocks™, Gusee Doedanmet aaet Sadeeaorgead Lo 28,

1999, pp -1

0 . . . e o g o . . o

Heparding the relativnship borsees the UNPSA and URCLCES, sevicle 4 of the UNEFSA provides: “"MNothang, in 1l

Apeecemens shall prepudice e mghos, peasdicrnon and duis aof Sres vmder the Comreenmon This Agreemend shalt be
interpreivd and applied snthe conesoof amd in g mannoe consizrent win doe Coventiom

"B Miles, g o 78 p 13
b Bienie, supr none TH, pp 313314
¥ Alosee BT Miles, sapnr it TH, p 3R

ux . . . . .
Bswmples waf sl new poncples elated e covienementa] proteoden inchude, anuwoegy miless, e peinciple of
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Lo its preamble, the Rio Dreclataton recogizes “the integral and interdependent natare
of the Farth”, and calls on States 1o “protect the integrity of che global environmental and
developmental sysiem™  Prnciple 7 oreguires States to “cooperate in o spirit of global
pactneslip to conserve, protect and restore the health and ntegnty of the Earth’s
ecosysten 7 Moreover, the theme of the Declaranon -« the principle of sustainable
dtvelﬁpmf:mw -- establishes a policy basis for an ecosysiern approach As noted above, the

: o -
precautionacy apptoach ™ is also very supportive of ccosystem approaches

UNCED gave parnciar weight to ecological awareness and to the ecosystern as 1 unir
5 I . '

of ocean management and the holisac approach to both madne and wrreswial ccosystenys
. - vog— -, BT
is firmly endorsed by Agenda 21, which was adopted av UNCED ™ The preamnble to Agenda
21 emphasizes thar “the continuing derederation of the ecosystems™ 12 one of the major
1zsues with which humadity 15 confronted, and “better protected and managed ecosystems™
cannot be achieved wathoor inregration of eovironment and  deseloprment as well as

international cooperation

Following upen UNCLOS, Agends 21 hughlighted that the manne emironment,
including the oceans and all seas and adjacent coastal areas, forms an integrated whole and
piesenls opportunities for sustaineble development Apenda 21 confirmed hat UNCLOS
provides an internatonsl basis tor the protection and sustainable development of the manne
and coastal environment and its resources, and emphasized that this demanded “new
approaches to maone and coastal area management and development, at the nadonal,

subregional, regioaal and global levels, approaches that are integrated in content and e

susiinalle developmenn (Poacple 35, othe panaple of cenmon but differentiared responablioes ("onciple 73, public
pacteipation Pancple 1E, dhe precautezacy appeoach (Canephe 133, e pollmer pays preinople (Praciple 16},
envicomnental impact asseasmene Principle B2, and o il role for indigeonous. peophs aml women in sovieanogn G
manapementr [reinciples 20 and 23 o

1 . . . . .. - . . -
* I he mewrmng of sosuinalle development s expressed o Panciple 3 of the Rie Declarmtien: "Vl oglie we

tlevglopment muse e BalElod sooas o ggquiably incer developmeand and covsmmenal needs of poesent and furwre
prreranins

# [Fearigple Ui of alu 1092 Rio Dechoamon arhich peovigdes foe the poecaumonaty appeoach ceads:

I wtder we proter the covrsnment, te precmtwney apprresctn shall e widely applicd by Soues accocding o diir
capabalieng s Where s age et of cenowz or iereversilile damaps Iack nf fubl screnpifie cecbeinty shal ruw Lo wned a5 5
restsc (e gaenstgaomnin Jr cozc-c legiiee mcitsures b peecdn e conewon @ degradadon

" Jebwrston, RERLTGNE] T and UNCED A Collion of Mind-Scr, i LK Kwasken, of e {mds ), “Cgsan Law
aned 'edicy i rhe Pesa-LISCET Bee Auseeabon and Camadiao Poespecoves", Kioeer Lo Incereagsad | London, Thae | Tague,
asstiom, 1996, b (3

¥ Frocsmome, 13, “lhe Conseovasmon of - dkdne Bosysicm unders lowmadoomal Lesg” e &1 Boweoeon aoed
o Redppel] (e, “Toteomtiooad | and the Conservation of Biclagesd] Dy ™, Kvrer Laee fudeesaizaonl, Eonden, Ele
Flowue, Bowan, 390%6, p 0 See also Jwds, 1) Yo Pes Tenc The Toodwion of  Inernanmoned danne Frhenes
Crarcprage ', ot f_}frffq,'}mm.r sl Frter mastiomind e VY, HED, o 1E1-112
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precautionary and andciparory in ambit” * These principles, as well as the programme
areas” haid out in Chapter 17 of Agenda 21 on oceans and scas, promote an ccosystem
approach. While UNCED rejected the idea of including the LMIL concepe in Agenda 21,
ccosystem appraaches were included 1o Chapter 17 and the cross-sectoral, interdisciplinary,

' 1™
aind rugmrml clements were codorsed

The principles adopted ar UNCEL are by no means merely poligeal stacements They
are il‘npDrmnt “sofl law’™ satemnents of an coosystem apprﬂﬂch and have bheen incorpurmcd

in legally binding intermadonal instruments, such as the CBLY and the UNFSA.

Canrentras wi Biedagnoad Dieeraity and the falarte Yondu il Praprrsnse af Wark on Mear

anel Cotiff Bradunsoad Divoristy

The CBIY deals with biclogical diversity, includiog marine ccosystems  and is the only
legally binding global instrument that covers all ccosysterns ™ T adopts a holistic,
muliispecies approach o the conservagon of biclogical diversity and the sustainable use of
its compoaents, which differs from the traditonal, single-species approach ™ I provides
that the conservaben of ecosystems is fundamental o the conservation of hiological
diversity, ™ and scts out a framework adopting an eeosystem approach o biodiversity
conservation and sustainable vse, as described below.™ The ccosystem approach has been

adopred as the primary tamework (o action undec 1the CBR™

i Pacagraph 1 of Chapier 1700 Agenda 21

" The spven proggrame areas ol our in Thapior 17 uf Agenda 21 ares o inteprmted manpemen sal cusrdnalil:

develupment of cosstal areas, induding exclusive coonomic zones; b maring cavigonmemal procenen; o sustaimolie oae
ardl comservacian of monn livisg cesourrees of ihe Tl seag dy sustomeble use and consersion of marine living resourees
i vtional pmsdlietion; v mlbresng critical unceetainoes Tor e manapememn of he mucine covioomment il climae
clange; ) strenprhening infecoational, including regional, conponierns and coeeediioo: el g saatinable develsprer of
armall sz

b | aughding TF, “Chapeer 17 of Apesds 210 looplenseneop, s aed Ilormiion Aspeots” Aharee Pl 17 [0, 1993

" sec arpele 2 of the LB, s A 14

WE Ciewe, ML TCunecnies on taloymieal Dhiversitys The Jakaon Maodite o dlaine amd Cemseal Fioleysenl
[diverste,” Fereretiond foarest of Alwmer e Ceariand Lo 12 (30, 1997 0 578

" S Biodywerzity Lo wmd Policy in Canadie Review and Hecommendaonons, Casodhan festtare for Esdeoeneatal Law

il P, Toconae, 1954, p 27

" e pacagraph 1040 the preamlle of g £.R17

"% e Seoroanan of the T onvemion on ihlogical Dhaversiny, mpraorte 11, p 350 TN Decizion V6, o availablc e
bsp/ S Trivnliv org Adecizions fde Bl aspilg= 0feme= cop-(B8ad 206 I s been ndicated that dhe ecosystom appreach
lowras the undedving philosophy of CHZ pee Jaheton, 5, " The Convention o Biddagical Diveesing: The Mexr Phase”,
Borzew of Hrrgpean Cpmrnpuey autd Tetersiiional Bvcfaental Lo G (¥, 1T po 219 See alas flare, N, "The Inemcton
hereen the Convennon an Baolepical Diveesioy ancd e LN Conventom on e Daw of e Sea®, i B Lhlees, of al (eds),
UXbare Dssaest o A Sciennibe, Palincal and | egal Perspeerve”, fbaeee Lo Srterncitanad, e |lagoe, Lomdon, Mo York,
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Two out of the three core objecoves of the CBD are mast dectly related to ccosystem
protection — the conservaton of biological diversity and the sustaiozlble use of is
components  The third objective — cquitable sharing of benefits adising from the
utilization of genetie resources - 18 also important for an ecosystem approach, as noted in
decision V /6 of the CBD COP The decision provides that the application of the ecasystemn

appreach will help to reach a balance among the three abjeciives of the CBD

The jurisdictional scope of the CBDY eovers both areas within and beyond the lumits of
national judzdicdon in consideradon of the neegrity of ecosystems and the cifects of
human actvitics on biodiversity. ™ Accordingly, the CBD requires internuional cooperation
bevond areas of naponal junsdicoon and on other matiers of mutual interest ™ Moreover,
the CBD provides  set of measures for the conservation of ecosysiems and biodiversing,'™
such as peneral measores for conservaton and sustamable use, n-sitn and  ex-sig
conservagon, and mowitorng. fn parocular, aracles & (d) and (£} speeifically reler to the
protecnon and restomton of ccosystemns The esiblishment of prorected areas, one of the
means of supporing the implermemation of ecosystem approaches, 15 also covisaged n

article 8

- - Ll - - '
In terms of implementanon,  atdcle 22 of the CBD states that, with respeet w the
marine environment, the CBD s to be hnplememed “conzsistentdy with the nghts and

vy MY .
U W hile the reference o the lnw of the sea

obligations of Sunes under the law of the sea
wis intended to refer to UNCLOS, (here ate a aumber of other legal instumenis which,

Il - - ' .
togethet, form the corpus of the s of the sea’ including, in regards wo ithe conservation

W02, pp 207210
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and management of martine resources, UNEFSA and the Agreement 1o Promote Compliance
with Internatdonal Conservadon and Management Measures by Fishing Vessels an the High

Seas {the FAO Compliance Agreement}

The marine enmvirooment has been on the agenda of the COP and the Subsidiary
Body on Scientific, Technical and Tochnological Adwvice (SESTTA) of the CBD sinee
Seplember 1993 In his respect, the COP and the SBSTTA have devcloped a series of
recommendations and decisions on the implementation of the CBD, among which the
Jakarta Mandate on Marine and Coastal Biodiversity is significant """ Adopted by the Second
Meeang of the COP in November 1995, the Mandate 15 2 Ministetial Statement on the
Implementation of the CBD, referring w a new plobal consensus on the importance of
matine and  constal biodiversiy The Mandate alse highlighted the importance of

. R . . 14
coliabotaton berweon relevant nstruments and organizations

In 1993, COF adopted a programime of work on manne and coastal biologicnd diversity
te assist in the implementaton of the CBD aad the Jakarta Mandate at the navonal, regional
and global fevels "' The programme focused en five priorly themes: implementation of
integrated manoc and coastal aren management (IMCAR); sustanable use of marne and
cemstal living resources; marine and coastal protected areas (MCPAs), mariculoure; and
invasire alien species  In addidon, several basic poeciples and  approaches were
acknowledged, including the  ecosystemn approach, the precaudonary  approach, the
importance of scence, and the relted knowledge of local and indipenous conumumitics The

s])ccinl circumstances of sl island d::vcluping Srates {ST5) were also mc:}gnizcd

The COP to the CBD bas also adopted @ sedes of decisions on the ecosysiern approach, as
well a5 an mavne and constal biologteal diversity, including develepmen of a deseripion of, and
panciples and guidance to, the ecosystem approach under the CBD (see Module IV '
A reeent review of the ecosysiem approach by the CBID COP highligheed that “one-size-fits-
ali” sclutions for the ecosystem approach are neither teasible noc desimble and thar learning

from the expenences of those currently applyimg an ecosystem appreach, or "learning by doing”,

"1l FADY Complance Agreeoent, Seienationad | egad Abwiermeis 33, 1990, p 966
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is a paonty for broader implementaton ' Towards this end, the CBI las been collecting

. . 130
case studies from mound the weorld relabng to ccosystom approaches

Pl Cliited Deattians Fecd Sim ks o dpvecament

Apenda 21 called on States o convene an weternatnonal conference e addiess the problems
regarding high seas management of straddling fish siocks and highly migratory fish stocks ™
The result of this process was the 1995 UNESA ™ which cxplicily adopted an ccosystem

. . .. 173
approach Lo the conservaden and mAnAgement of manne hvmg TUSOUTCCS.

The stardng point of the UNFSA regene is “the biological unity of the swoeks
concerned” ' The Agreement applies w the conservadon and management of steaddling
fish swocks and highly migratory bsh stocks beyond areas of nagonal junsdicoon However,
the measures provided in ardcles 6 and 7 also apply o the fish stocks concerned within areas
under national jurdsdiction '™ Furthermore, coastal Staws are required to apply, wiafi

. . . . . - [ L 124
aetandrr, the general pranciples enumerated in article 5 in areas under nanonal junsdicoon

The underdying plulosophy of the conservanon and management measures set foreh n
UNESA is the unity and the health of marine ecosysiemns In this eespect, the preamble of
UNFSA points cul thar the States Pardes are “conscious of the need to avoid adwverse
tnpacts on the matine enviconment, preserve biodiversity, maintan the integrity of marine

ccosystems and minumize the risk of long-term or irreversible effects of hshing operadonsy™

More specifically, UNFSA adepts a senes of objeetves and principles reladng 1o the
protecion of manne ecosystems  hese prinaples wclude, for cxample, ensunng the long.
terrn sustainability of (zh stocks and promoting the objecdve of their opomuwm
uiilizaven;,"" mainiaining or restonng stocks at levels capable of producing the maximum

sustainable yield, raking into account fishing patrerns and the interdependence of stocks;'™
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applying the precautonary approach;” assessing the impacts of fishing, other buman
acuvides and environmental factors on wepet stocks, associated or dependemt siocks, and
specics bc]ﬂnging iy the same ccnsyslcm;'m malnlaining or restodng popuiatons of such
species above levels ar which their reproduction may become seriously threatened,; ™
minimizing pellution, waste, diseards, catch by lost or 2bandoned gear, catch of non-rarget
species, and lmpacis en assodated or dependent species, in parbcular endangered specjcs;m
protecting biodiversity in the marine environment;'™ and wking measures to prevent or
eliminate overfishing and excess fishing capacity and to cosure that levels of fishing effort
do not exceed those commensurate with the sustainable use of fishery resourees '

These prnciples include those established in UNCLOS, as well as the prnciples
developed in the post-UNCLOS era and, therelore, refleer the new concepts of
conscrvation and management, including an ecosystem approach. As provided in UNEFSA,
wide application of the precautonary approach o the conservagon, management and
sustinable use of fish stocks™ will also play an important role in the prescrvanon and
protection of matine ecosvstems T hese principles also highlight the intereonneciedness of
ccosystem approaches and the precavaonary approach, and the impottance of precauden in

the suecess{ul implementaton of an ccosystem nppmzch

UNFSA also eequires compratibility of eonservation and management measures 1n the
high seas and in arcas under natonal judsdiction ™ The purpose of these provisions is to
crisure conservagon and management of transboundary fish stocks in their entirety e
To this end, coastal States and States hshing on the lugh seas have a duty to cooperate in
achieving compatible measures ln deteomnining compatible conservation and management
measures, certun ecolopical elements are to be taken inte account, ounely: the biological
untty and other biolapical charactensocs of the stocks and the relawonships berween Lhe

distribution of he stocks, the fisheries and the geographical parnculanties of the region

OIS, antiele 5 Vhe delailed [rotrvesiesns oo e procisnary approach ane eontinod i aeticke 6 sl Aongs 1
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concerned, including the extent to which the stocks occur and aze fished in arcas undec
mational jurisdiction;™ the respective dependence of the coastal States and the States fishing
on the high scas on the stocks concerned;” and the harmful impact an the living marine
resources as a whale ' With respect 10 highly migrwocy fish stocks, UNFSA emphasizes
that the Swates concerned shall cooperate with 2 view o ensuring conservaton and
management of such stocks thnoughow the relevaut region, both within aad beyvond areas

. . - .. 14l
under natonal juosdichon

The mechanisms outlined abosve make UNFSA an imponant internanonal instrnnent in
promotag the adopuon of an ccosystern approach o the conservation and management of

-

. .- laz
ITAELNE h\’lﬂg LEEOULCES

Fhe FAC Catle of Condms for Revponsilile Fivdurer

The 19953 FAQ Cade of Conducr for Responsible Fisheries 15 a global, non-legally-binding
insttument, which sets out prnciples and internagonal standards of behaviour for
responsible fshing practices with a view to ensuring the effecive conservation, management
and susminable use of lving aquane resources, wirh due espect for the ecosystern and
biodiversiy ™ The thrust of the Code is sustainable utilizaon of fisheries tesoutces in
harmony with the environment, with wide adopdon of an ceosysiemn approuch to vadous
fisheties acowities and the conservagon of the lving aquatc resources and their

environment

In termms of the applicaton of an ccosystem approach to fishernes resoucces and the
maine enviromment, the Code 18 an mpottant, comptehensive internagonal soft Jaw
. Jis ' . - . -
instrwnent  Mare specifically, the Code sets out a sectes of general ponciples which are

directly related o, ot supportve of, an ceosystem approach The fust princple of the Code
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inzkes it clear that che rght to fish eardes wath it the obligndon to conserve aguade
ecosystems ' The Code also broadly endorses ccosystem principles, such as: prowetion and
rehabilitadon of fshedes habitats in mardne and fresh water ecosystems;"™ recopnition of
the transboundaty nature of many aquatic ecosystems; " ioernadonal cooperation in
conservalion and protection of living aquatic resourees throughout their rnge of
distibutien, wking into account the need for compadble measures in arcas within and
beyond mabonal jursdiction; " Further development and appleanon of seclectne and
eovicpmnentally safe fishing gear and praceces n arder to mawmmin odiversity and o
conserve aquanic ccosystems; - and the application of the precautonary principle ™ It also
provides rhat “ranagement measures should not only ensure the conscrvadon of Larget
speaies but also of speaes belonging to the same ecosystem or associated with or dependent

- 131
upen the trget species™

In addibon, the Code prowvides guidelines for the application of these principles in
various fisheries-related actvines, including fisheries management,'” fishing operatons, ™

I5a . . oo 184
agquaculiore development,  and intepraton of (shedes into coastal area management
The feedvetsrnaslosrs Pl of Lapdoreontation of the WWardd Sanmnees our Sieitinetrle Dercloparenr

A the 2002 World Sumimit on Sustatnalde Development Siates committed, among others, to
promote the sustainable development of nabne ccosystems  In this respeet, the
Johaonesbueg Plan of Implementation, adopted at the WSS, highlighted the issues an

whith acions were most urgeniy needed, in particolar:
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{a)
{b)

{c)

{d)

{c}

0

{z)

{h)
{1}

i)

Encouraging the application by 2010 of the ecosystern approach;

Promodng  integrated, mulddiseiplinary  and  muldsecroral  coastal and  ocean
management at the national level and encouraging and assisdng coasial States in

developing ocean policies and mechanisims on integrated coastal management;

MMainlaining or restorng fish stocks to levels that cn produce the maximum
sustanable yield, with the aim of achieving these poals for deplered stocks on an
urgent basis and where possible not later thano 2013

Developing and implementing national, regional and inweenatonal plans of acton to

prevent, deter and elminate dlepal, unrepotted and unregulated bishing {TLIL) Gishing);

Developing and facilitadng the use of diverse approaches and wols, including the
ecosystemn approach, the ebminanen  of  destrucuve  fishing  pracrces,  the
eztablishment of marine protected areas consistent with internagonal law aod based
an scientific information, including representadve nevworks by 2012 and time/aea
closures for the protection of nursery grounds and penods, proper coastal lnd use
and warershed planoing and the integradon of marnne and coastal areas management

inter ey sectors;

Establishing a regular process under the United Nadons for global reporang and
assessment of the state of the marne environment, including socio-cconomic

aspects, both curtent and foresceable, building on existing regional assessments;

Promoung sustainable patleens of producdon and consumplon, applying inter alia

the pollurer-pays pnincple;

Supprorting sustainable development of aguaculrure;

Maintuning the producavity and biodwesing of bmportant and volnerable maine
and coastal aceas, including 1n areas within and beyond nanonat [unsdicion,

Developing navonal, reptonal and imernatdonal programmes toe haling the foss of

. . . . . - - LE&
manne: biodiversity, including in coral reefs and wetlands

The W3SD also highlighted the need to provide assistance to developing countries in

coordinating policies and programumes at the eggional and sub-regional levels aimed at the

conservation and sustainable management of Bshery resources and implementation of 1M

. . . 13
plans, indluding through the development of 1nfeastrueture

i
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5.2  OOnher reievant global and regional instruments

The above-mentoned wstruments are the mapor plobal mstrumens reladng 1o the
applicaten of an ecosystem approach to the conservaden and management of marine
rescurces Crther global instruments of relevance to the proteeton and preservadon of the
marine environment, nclude the 1971 Ramsar Comvendon on Wetands of lnternabonal
Impaortance especially az Waterfow] Habitat; the 1972 Stockhohn Declaration on the Homan
Environment;'™ the 1973 Washington Convention on International Trade in [ ndangered
Species of Wid Fauna and Flora (CITES); ™ the 1979 Bonn Convention on the
Conservation of Migratory Species of Wild Animals {CMS)," the 1982 Woild Charter for
Nature; " the 1991 UNEP Guidelines on Shared Resources; — and the 1995 Global
Propramme of Acdon for the Protecton of the Marine Fovironment froam Land-Based
Activities "

Several iostruments and acovities in the context of the IMO also contribule to the
implemeniadon of an ecosystem approach, including the Tntcrnaponal Convendon for the
Prevention of Pollution trom Ships, 1973, a3 modilied by the Protocal of 1978 relaong
thereta (MARPOL 73/78); the Internatonal Convention an the Contzol of Harmiul Ani-
ﬁ-,uuling Systems on Ships;, and the Internavgenal Conventon for the Control and
Management of Ships Balkast Warer and Sediments Tnd3 Guidelines also provide for the
idendfication and designation of Partculmly Sensitive Sea Areas (PS5As), where additonal

. . 164
protecove measures can be appited to protect vulnerable ecosystems

A number of ntgrnagomal instrnents also endorse an ecosystem approach in the
context of Bshenes managesent, including: the 1992 Cancun Declaradon on Respoosible
- . 131 . . 166 - .
Fishing; ™ the 1993 Rome Consensus on Fishertes;  the 1995 Kyoro Declarion and

Plan of Action;'™ the 1996 Rome Declaration on Waorld Food Security and the Waorld Food
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Summit Plan of Action;™ the 2001 Reykjavik Declaration on Respousible Fisheries in the
Marine Ecosystern, '™ the 2003 Guidelines on an Feosystem Approach to Fisheries,
EAQ Technical Guidelines for Responsible Fisheries, No 4" and the United MNadous
General Assembly resoludons on Large-seale pelagie drifinet fishing ™ As discussed above
(sec Secton 1), the General Assembly also adops anoual resolutons on oceans and the law
of the sea and on sustainable fishenes and, in tds contexy, bas emphasized the mportance
of apply an eccasysiem o the management of oceanqrelated acivides, including by

- . - . . 12
miegradng coosysiem A ['{)ﬂEh{:S FgLen) ﬁS].'ICﬂt;.‘S CONseTr U0 and management.
gratng L P £

At the repional level, the concept of ecosystem approaches has been adopled by
many regional organizations, incudipg iostruments emanating from the LME Projecis
(sec Box 7 below)'™ and the constitutive documents of regional Disheries bodies. ' The
LINLP Regional Seas Programmes, as well as other regional agreements and instruments,'”
including the 2000 Ball Plan of Acboon adopted by Asia-Pacific Lcopomic Coopaauon

(APEC),"™ are also relevant to the application of an ecosystem approach
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Box 7 Case sindy: The Modular Appicach Lo
Large Marine Ecosvstems Management

The concept of Large Marine Ecosystems emerged in the 19505 and cecently bas hecome a
foeal topic in international cocean governance. EMUEs were defined by Sherman and
Alexander a5 "regions of ocean space encompassing coastal areas fram river basing and
estuaries on oot to the seaward boondary of conlinental shelves and the seaward
Boundary ef coastal cosrent syslems. They are relatively large regions on the order of
200,000 km?2 er larger, charactetized by distinet bathymetry, bydrvogtaphy, produchvity,
and trophically dependent populations.” Sixty-four LMEs have Leen identified around the
world.

L.MEs have great secial, economic and environmental significance and are a focal area of
various sea uses and compeling inteeests, since mest maritime achvibies take place in
these areas. Confiicting interests over the use and protection of LMEs exist not only
between domestic stalkeholdars, but between netghbouring States, and hetween coastal
States and States with high seas interests. As a tesult, LiviEs are particularly volnerable to
over-expiaitation and pollubon, and sutfer from degradation and deterioration.

LMEs are highly complex in terms of geean managemeni becanse of transboundary
elements and the invelvement of varions sectors and slakeholdes, LMEs normally cover
the tertitorial waters and EEZs of coastal States, and in case of the habitats of some
siraddling stocks and highly migratory species, the high seas bevond 200 nautical miles,
Crossing several mantme zones, an LME noimally encompasses many component
coosystems and relates to other interconnected ecosystems.

Ter be effective, the boundaries of LME management need to correspond with the natural
boundarics of an LME. LME management nol only must lake inlo account the popolatons of
expleited crganisms, but alzo unexploited species that may be dependent and azsocialed, thai
habitals and sven the socte-ecanomic development of the area concemed A holistic approach is
thus necded to encompass the enbire ecosyslem as an integrated management unit, and to
conserve and manage enlirs commaunities of organisms and their habitats asa whole.

The concept of LME management reflects a larpe seale and holistic approach to
asseesment and control of makine natural resqurces The sixteen current LME projects use
five linked medules W@ moniter, assess and manage marine ceosystems: productivity and
carrying capacity; fsh and Gisheries; pollulion aad erosystern health; socie-econormic
conditions; and pertinent governance regimes These modieles cover all the major aspects
of the protechion and management of an LME, representing a paradigm shift fiom s
sectoral, species-gpecific approach to a holisbe, ecosystern approach to the assessment and
management of the marine emvirgnment and resources

Wang, IT., "Ecosystem Management and Its Application to Large Marine Eoosyslems: Selence,
Law, and Politics; An Evalwalion of the Modular Approach Lo the Assessment and Management
of Large Martine Eeosyslems™, Orcean Peeelophient amgd Paterrcationed Lo, No 1 and Ko g,
val 35, 2009
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(a)
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(<)
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{e)

The angin of the movement towards an ecosystem approach 1o natural resourees
dates back to the early 1900z, and the concept has beer: pradually incorporated into a
series of international legal instcements sinee the early 1980s Ecosystem approaches
1o pcean management have aow been well-established in 2 series of internadonal
policy docurnents and legally binding instroments

UNCICOS provides the legal framework for the implementatdon of an eeosystemn
approach to all actvites conducted 1n the oceans and seas Although TNCLOS does
nat explicitly provide for an coosysiem approach, its objectves and relevant

provisions ate supporave of such an approach

At the WESD, States eotrunitted (o promote the sustainable development of manne
ccosystems and :.:nl:mlrngr.:d the npplicm.ir:m of the ecosystem :lpprﬂach b].-' 2000

Ihe concept of an ecosystem approach has been adopted at the regional level by
many regional orpanizations, including in the context of the LAME Projects, and by

some regional Oshenes bodies and regionel seas programmes.

The eoneept of LME management reflects 2 large scale and hobisae appraach o
assessment and conuol of madne eatural resources LAMEs are highly complex
because of teansboundary elemems and the iovolrement of vatous sectors and
stakeholdees. They novmally cress several emaridme  zones, encompass many

compenent ccosystems, and rclate to other intcrconnecied ecosystems

Cluestions tor discusslon

(1)

(b

(d

Deseribe provisions o UNCLOS and UNEFSA thar provide for an ccosysten
nppmnch Whar other instrumenes are relevant to the ﬂd(_:pLiu:m of an Ceosyslenm

approach

What deadlines  were  established by the WHSID thae are elevant o the

unplementatgon of an ecosystem approach?

Deseribe political and lepab challenges that may adse (rom the idennfication and

establishment of an Ly

What legal and policy insrunenms bave been adopted in your teglon(s) that are

relevant Wy an coosystem npprﬁnch?
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Annex 1

Enteraational governance Mmunework for an coosystem approach

As awareness of the need for ecosystem approaches 1o the management of ocean-related acuvitics
has been increasing, the intcrnational insdtutional framework set up o regulate and manage ocean-

related acuvioes has also evolved

There ave diflrent bavers ol mstoadanal fameworhs - global, regienal and naoonal — addeessing
the implementation of an ecosystem appeoach Ir is importaot o note that the work rldng o
ecosystem approaches uodectaken by most internadonal msttutions nvolves tie on-going adopion
of deasions and programmes by their relevant govermng bodies These bedies usually meet on a
puricdic basis, in gl of pew informaton, uaderstanding, and needs These developments need to
be constantly moniloved to appreciaee policy evoludon  Collectively, they have conlributed
signuificantly to the development of new approaches to ocean management, including the nove

toward coosystem approaches

Drecigiens and programmes adopred by joreroationsl instientions ste incrensingly based on the
besk scientbic imformation avalalde Scientific adviscry bodies are therefore an imporctant pace of the
mternational insttutional framework TCES 15 an example of a repional sciendfic orgarizanion thar
covrdinates and prometes manne cesearch o the Noeth Atanoe, gathers informanon about the
mazine ccospstom i ooder 1o Bl gaps in oxdsting knowledge and 10 provide seienufic advice to
cegional policy-making orpanizabons, such as the North-East Adande Fisheries Commission
(NEAFC); the North Adanoc Salmon Conservaban Organezation (NASCOY, and the Commissian
al the Furopean Whion (20 Imeonatienal partnerships for scientfic esearch are alse ponviding
important soienlifie informadon thar ean e used as the Basis for policy decisions For example, (he
Census of Maone Life - a plobal network of researchers in more than 80 mations — i= eogaged in 2
10-year scwenofic imagve to assess and explan the diversiny, distnbuetion, and abundance of life in

the ageans The world's ficsn comprehensive Censoe of biaone Life will be released in 2000

ool v idefeetemiend fravmaciards

Ar oarmay of global organisabons currentdy deal with cocans governance ssucs, including the
United  Natiens  Gengral  Assembly, BAQ IO, UMNEFR, UNESCO/ Tnwrgovernmental
Ceceanographic Commission (10C), as well as the bodies created Iy UNCLOE i ¢ the Tmigrnational
Tabunal far the Law of the Scn, the Internavonal Seabed Authonty, the Commission an the Limics
of the Conunental Shelf and the Mectng of Stawes Pazges These organweaoons address vanous
issues, imchading the conservation and samagement of marine living resources, mining acuvides
beyond national jurisdiction, rhe protection and preservation of the marine covironment, maritime

safery and manne science

The Ulected MNetoane Gemerad <tebiy, in s annual resolunons on oceans and the ks of the sea

andl oo susrainable Dsheoes, peeforms an el evies god evaluation of the implementaoon of
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UM LOS and other developments relabng to ocean aftairs and the law of the sea The General
Assembly has awdopled a number of wsolwions of levance o ccosystem approaches, the most
recene of which are resaludons 617222 and 627215 In 1999, the General Assembly esiablished the
Consultanve Process i order to facditate irs annual seview, by considerng the repert of e
Sccretary-General on occans and the lw of the sea and by suppestng parocular sssues to be
considered by iy, with an empliasis on ideonfving aeas where coordimaben and coeperdon at the
mrergoveramental and mter-ageney levels should be enhanced In 2004, by wsolutios 3%9/24, the
General Assembly also established an Ad Hoo Open-ended Infoemal Woking Group to study issues
celaung 10 the conservauon and sustamalde use of manne biclogeal diversiy beyond arcas of
national jorisdicton Informal Consulutions of Stames Partes o the United Nadon: Fish Stocks
Agreement have been held annually since 2002 1o consider, amang ather things, the implemenradon
of the Agreement and prepacations for the Review Conference convened pursuant to article 36 of

the: Agrecment

The Duiston far Queart Affaren avd the Law af the Sea of (he Offlee of Legal Adfucs of the Undued
Mavons performs the duties of the Secretary-Seneral under UNCLOS, acts as Secretadat of
UNCLOS and the UNISA, assists the General Assembly o its annual review and evaluanen of the
implementagon of UNCLOS and ather developinents relating to oecan affaizs and the law of the sen,
and substanovely services the meetings of the hodies esoaldished by the General Assembly, as well as

the Moecung of States Paroes and the {ommussian on the Limits of the Continental Shelf.
The Tollowing insaatans have been established puesiant o UNCLOS:

Thve fnterrasional Seafed Asthority (I5A) was established to organize and conuol activites wladng
to nuneral resonrees i the seabed and coean foor and subsoil thereol, bepond the limits of nangoal

jurisdicoon {the Area) Al Sares Partes wo BNCLOS ame ipso facto members of the 154

T feterscstinnel Vivfoonraad for the Lo af e bew {TELOSY 15 an independent juchoal body estabhshed
Ly the {onvendon as ong of e mechanknns svailable o Staes w adjudicate dispaes ansig ou of
the interpretaten and application of the Convention Pursuant to the provisions of its Stte, the
Teibuoal has formed a number of chambers, including the Chamber for Maione Envicomment

Edisputes

The Commierion gn fhe 1 fedir af it Canferentnd Fhedf CTCR) was crented w {aciliete 1w
implementanon of UMILOS in respect of the establisluncnt of the ouer limits of the continental
shelf beyond 200 navocal miles from the baschnes from wiuch the breadeh of e weetonal sea s
measured  The Comrission makes cecommendations 1o coastal States on mavers related v he

estbbshment of those Limits

UNETOS alza provides, in article 319, that the Seerctary-General of the Druted Navons “shall
conveny necessary ddeetines of Stater Pardres 1 accordance wath this Convention™  As of 2008, there

live been 18 Meetings of the Stares Partios 1o the Convenoon, as well as two special Mectings held
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on 2 Septernber 2003, and 30 January 2008 The Meeungs have dealt paumacdly with clectons of the

members of ITLOS and of the CLOS, as well as with budgeracy and admdnistrative matters:

UNCLOS also wennfics on 2 number of compeient international ouganizatons o achieve s

alycctives These include:

The Fead aned slpriclture Oreswrration of e Ui Nattons, theough s Commitiee on Fishores
(COFL), reviews the FAO programmes of work in the fiekd of fishenes and aquaculnure and ther
implememadinn, eonduers periodic general reviews of fishery and aguacultore peoblems of an
imteenatonal character, and appraises such problems and their possible solutions witly 2 view 10
concerted actiem by States, FAD, mter-povernmental bodies and onval society The Comnutiee also
reviews specifte ypauers celating to fsheries and aguacultuge seferred 1o it by the Council or the
Director-eneceal of FAO, o placed by the Commintes on its agenda at the weyoest of Members, or

the United Natons Creneral Assembly

The fatervitional Aartinee Qvgargtion encourages and facilates the general adoption of the
highest practcable standards in matters conccrmng rmanmmne safety, efficiency of navigauon and
prevention and control of maring polludon feom ships Although salety was aod remains IMO s most
umportant issoe, A considerable part of ts work relates to the preventon and contrel of pollueon from

ships and a number of conventians have been adapted in the TMO context to thae effect

The United MNations Ensironsent Pragramme addresses ocean dssues through a munbec of its bodies
The {Global Programme of Acdon for the Protection of the Madine Environment from Land-Based
Activities (GPA) Coordinaion OHiee assiag in the implementation of dthe duty of Sues o preserve
and proweet the manne coveonment foom lind-based ackvites by assisong Seates in taking acgon at
the mational, repional gr plobal level shraogh 2 number of capacity building and  technieal
programmes UMEP also adminsiers the seereadis of varous hodiversite-related conventions fe g,
CBIY and the CME) The govermng bodies of those convenbons vsually meet once cvery 223 years,

ard bavee, cver the years, adopied o number of decisions of relevance 1o maing coosysoms

UNESCO, through s fater gores wnecmtad Ovearograpdite Comemrren, 15 actve m the areas ol maone
seienific researeh and transfer of marne technology The wark of IO has focused on promoung
manne saenufic invesugadons ard related coean services, with a vidw o leaomng moce about the

namare and esouvrces of the gceans

A numnber of uther organizations outside the Unied Nations system alio ply an impertan role
m the development of internabonal ocean poloes and the wnplementaoon of an ccosystem
appeaach - for example, the Internanonal Thnioa for the Congervanon of Nature (TUCN) and several

non-gevernmental urganizauons
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Reniarend seriierisviomed ffamarord:

& onuamber of roglosnd envsronmentad boder address lssues ranpng o chemical wasies and coastal
development, o the conservaton of manne lving resources and coosysterms The Regonal Scas
Progrimme of UNED was launchicd in 1974 1w address the aecelerating degradanon of the world's
aceans and coastal arcas throwgh the sustainalde management and use of the marine and coastal
environment, by engaging naghbouring eouneies in compehensive and specific actions to protect
their shared marine covitomment Regonal Seas programmes established under the avspiees of
UNEP are: the Black Sea Region, Carilbibean Region, Bastern Africs Rewmion, East Asin Seas,
Mediterrancan Repion, Mocth-Eazst Pacific Repion, Noch-West Pacifie Region, Pacific Region, Red
Sea and Gulf of Aden, ROPME Sea Area, South Astan Seas, South-East Pacific Repion, and Western
Abrica Region Six of these prognunmes are alse diccody admingstered by UNEP Free pactner
progeamumes, estabbshed for the Aatarctic, Arctde, Balde Sea, Caspian Sea and MNorth-Fast Adantic
Regions, are also members of the Repional Seas famaly  [he Repional Seas progrzmmes generally focus
o management ol madne ecosystems, and are thus imponant for wmoplancoung an coosystem
appeoach reponatly Some of the relevant arganizatons in these regions, suel as CCAMLR, the Baliie
Magne Lvaromneat Protecton Conandssion {HELCOM), and the Comumission for the Protection of
thie damme Ewaronment of the Nocth-ease Atlanoc (O5PAR), have exphotly commutted themselves to
the implementaton of an coosysien approsch Regowad firborder managoment expenisarions and dreangements
(BFMO/As) are cecognized a5 the prinsiey mechanizm for internatonal cooperntion al the regional
level 1o conserving and mamging fisheny esources in accordance with thelr cespective mandates
Many RFMO/ As have incorporated provisions of UNFSA in their consunive agrecments, ot have
adopred measures in praclice (o buplement the Agrecment [0 s smpontant w note tal aot all s
of the oceans are covered by REMO/As and mase of these grpanizations do not manage all fish

speaies located o their areas of competence

Regoaal arcangements also include Lenge Mamee Bwerpatesrs, wluch are celatvely Targe cemons
characteriecd by distnee bathymelry, hydrography, praducovewy, and popelations dependug on the
same food chan The LME approach provides an cerdisciplinary  Gamework  for velising
ceelopcally debined LM LEs on the basis of a common stoabegy For assessing, [ECOVEOng, managug,
angd sustaining madne resovrees and ther enviconments Theee are cuerently sixieen LME projects
underway in Africa, Asia, Rastern Buwrope, and South Amenca, which are primarily suppacted by the
Global Loviconment Facdiey, the World Bank, UNDE UNER FACG, the United Nabens Industoal
Development Creganzanan (UNIDO), the 1040 of UNESCO, and JUCKN These LMEs are ased as
assessment anel maragement vrats foc the maone eovigonment and s esoucges, and scienobe,
technical and financial assistance s provided w the developing couniries concerned, with the goal of

unproving the long-term sustunability of the plobal manoe envicomnent and its reseurces
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1. Introduction

The concept of an “ecosystem” can he difficult to apply in practice  On the one hand, it can
be overwhelming because it s impossible o know evergthing about an ecosystem before a
decision 15 made On the other hand, it can be trvial because managers and policy-makers
need to be puded on where to focus their efforts and not simply told that every single
component o process of an ecosystem could affect the suceess of their programme  Foran
ecosystem approach to be vseful it is necessary to find middle ground and help managers
and policy makers allneate resources and focus deliberations on their prigtes.

This Module will review the scientfic definitons of ecosystems on varous scales
{verocal and honzoaotal), inciuding ecosystem cornposition and diversity, and the complex
processes and interactons within and between ecosystems, including cddcal functons of
ecosystems It will also develop the sciendific considerations that are important for managers
and policy makers within an ecosystem approach  Module [V wall consider ecosystem
objectives, monitoning and the role of manae scientfic rescarch in the development and
implementaton of ecospstem approaches

It is important to understand that these modules will not provide 2 simple recipe for the
dghr ecosystem foundations for all policy and management choices, since no such recipe
extsts However 1t wall prepare policy makers and managess to ask the dght questions of
those prowding such informanon about an ecosystem, so that mportant consideratons can
be identified early in the process of developing an ecosystem approach to a given area

2. Science definitions of ecosystems

21 Diversity of definitions

As discussed in Module I, there is no single universally accepred definition of an “cepsystem
approach” tw ocean-related actvities Likewase, there 15 no single umversally sceepted
definition of what consdtutes an “ecosystern”

Definitons of “ecosystem” have been provided by internatonal agencies, natonal
marine agencles, and sciendfic cxperts (see Box 8} Although these definitions are not
identical, chere are important simidandes in the delinitions used by various agencies and
States In all cases, these defininons highlight that in adopong an ecosystem approach,
consideraton needs to be given to ocean physics, chemistry, and biology
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Box 8: Examples of Delinitions of an Ecosystem

THEP: “A dynamic complex of plant, animal, and mirre-prpanism eommunities and their
non Iving envirgnment interacting as a funcbonal unit. . . We can define ccosysiems {(of)
any size 5o long a5 organisms, physical emvironment, and interactons can exst within it [Tt
can] thevefore be as small a3 a patch of spil supporting plants and micrabes; or as large as
the enbire bigsphere of the Earth. This definilion stresses the importance of place and the
hierarchical sealing of the biosphere”.

http:f fwww.unep-weme.org/ akitats ffreshiwater /definition. htm

FAC: “A spabic-ternperal syskem of the biosphere, including its living components {planis,
animals, micro-organisms) and the non-living components of their environment, with
their relationships, as determined by past and present environmental forcing functions
and interacdons amongst biota™.

htip: f ferwne safme.net/ Portals/ o /EMHome /MafacReport EcoMigmt pdf

CEIx a “dynamic complex of plant, animal and micre-organism communites and their
non-living enviroonment interacting as a funchonal unit”,

S - NiOAA: "a geographically specified system of organisms (inchiding hrmans), their
environment, and the processes that control their dynamics™.

hip:f/ecosystems.noaa gov/decs/EGT. Geeans_zoos_Papsr_o7olog doch.

Canada: Center for Madine Biodiversity: “An ecosystem consists of all lving and non-
Hving Lhings in an area. Erosystems inclode s vnigque comlination of animals, plants,
mieroorganism and physical characlensties ihat define the location”.

hitp:f fweenee biodiv.org/dec fworld fea fea-nr-me-en doc.

"The sum total of Inclogical pepulations and abiatic facters present in a region and their
relationships to each other. No ecosystem is a closed systeny; hence the precise meaning of
the term varies according to the scale of the region to which it is applied.”

Cocke, .G, "Glossary of wechnicat terms”, i B.M. May Ced ) "Exploilation of Marine Comminities™,
Springer-Yerlag, 1984,

“A spatie-temporal eemponent of the bicshpers, determined by past and present

environmental forcing fonetions and mteractions amongst biota™

MeGlade, J.M., "Ecosyslem analysis and the governance of natural resources”, in J. M. MeGlade
(&), “advances in Theoretical Ecology”, Blackwell Scientific Prblicalions, 1069, pp 308-336.

In considering management in an ecosvstem context, it i thus bmporant o fiest
undersiand the ocean physics, chemistry and bislogy of an ccosystemn The relavonship
within and benween the physical, chemical and biclogical components of an ccosystem ace
illnsteated below fsee Figure 1), and will be diseossed {further (see Section 3 below)
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Ocean physics has components that only change on very long dme scales, such as the
physical struerure of the seatloor and consdines Hlowever, coosystem charactensocs are
stongly wfluenced by the topographic or bathymetric features ef the area — how deep and
how wregular the seabed — and the “grain size” of the substrate of the seafloor - rocky,
gravel, sand, mud " Occan plysies also has mportant dynamic properes, both the heat
content (temperature) and the energy in the mavement of the grean waters expressed
through curents, ddes, vpwelling and regular wave acoon 7 Many of these dynamic
properties are also strongly affected by climate change and natural processes such as the
El Miito — Southern Gscillaton cyeles

Generally speaking, managanent cannot “manage” the dynamic propernes of ocean
physics  Currents and tdes cannot be inceeased or decreased readily o help achieve
managemnent goals However, an ecosystem approach to mapagement and paolicy must
consider the dynamie properdes of loeal and zegional ocean physics in placng For
example, these propertes larpely dercrmine how ol spils and land-based conoff will be
wansporied and diswiboted in coastal and offshore areas, and strongly intluence tzadinonal
and commercial shipping and ansportadon routes " They are also swongly influental on
the biological preducavity of the ecosystemn on every scale;, particularly at larger scales, as

; o
comsidered below

Managers and pabicy makers have more direct concerns regarding the siatic properties of
accan physics Maoy hurman activities ean alter or damage the structuee of the seafloor, for
example, through impacis of fishing gears, oil and gas development, activities associated
with budding port facilines, or maintaining slupping cotndors, or dumping at sea. The gpe
of scalloor substate can also be alwred through these acovides, as well as land-based
acovilics, which cause substannal runcff and sedimentation. These impacts 1o the seaflooc
may result i substanual changes to the biological communrges and producovuy supported

. Ik
Iyy the area, on many scales, partculady more local ones

3 Beernan, W5, K Shcomon and © Meleose, “lewsuning the Productvity of Laege Saome Ecosystones, an Inteodugion ™,
Trundatcriant #lmartcor Cooplesizal Ulrion 81, 3o 30, suppl | 2066

™ Rakun, A, "Purcars in de Cleenn: Cheean Pracoses and hianne Pemalwoon Lynames”!, Ceffareia Sea Smer, 1996, 2 323
Hech, 511, o &f Lavsngsnshang sandum anvismmental bieqoaions fom coobagcal cansezophbes for the Wonb Pacific”,
Cloegr Parare 435, 2005, pp 336-340

T ang, S L, AL Sheen and Y Eheng, * Teoadimensienal numeneal sidtulanaen for aospert amd Bee of ol spills in
s, Oty Dngneenag 33, 3005, pp 1350-1571

" [ argison, T and TR Pacsors (edst, “Fisheics Oceanegeiphys e Tetegrimead Approach e Veheecs ool amd
Managemenr”, [Hackwell Socace, MY, . 350

At Farmes, B andd B Do, “Bent e | labdacs and T Evos of Frehing ™, s Tieemc Tz §yagmaon 11, HE, 12 590
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thus dosely follow these patters, particularly because peean nutrient levels are In adopang an
ccosystem approach, serious attenton also needs to be given to ocean chemusiry, and to
Luman actvities that are likely to alter the chemisoy of the ocean To this respeet, important
ccosysten feareres of ocean chemustry include salimity and concenrcaons of dissolved
oxrgen and nutrients, such as nitropen, phosphorus, earbon, and even rarer elements, such as
iron Naroral nutrient levels and oxygen concentradons vary widely in the seca, hoth
seasonally and on many goographic scales, from basin-wade w local " The dynamics of
biological cormrunites are generally adapted to these natoral paterns of vadation and teir
geographical distnliutions one of the key determinants of ocean prnducrjvi[}rm

At various times scasonal productivity of marine ecosystemns iz limited by inadequate
nuttents. On occasion, manapement has attempted o augment producnvity  throuph
ferahizing local areas with nutnients in limited suppl}r.m Someomes these experiments have
worked, but they ean also have unespeeted consequences more serious than the original
lmited producavity, such as prompong blooms of undesimable or even toxc plankton, or
creang larpe arcas of oxygen levels too low o support many species of fish and
invertebrates These natural palterns of produectvity neced o be taken into consideranon in
aspects such as the nming of human acnviges seasonally, and in the overall level of actviges
whicli remove nutrents and producdon from systems

In addizon to the naturat chemical featires of ocean ecosystems, an ceosvstemn approach
also requires consideration of chemieals introduced iate an area by buman acdvides Some
intraducticns alter the levels of naturally oscurning chemicals, such as land-based run-off
that 1acreases levels of nutnents or diminishes oxygen levels in coastal waters, while other
introductions invalve new chemnicals 10 mmine ecosysterns Pollutanes such as hydrocarbons
from o spills or heavy merals from industaal waste can have many effects on manne
ccosystems | They can aler the species composition of the biological communities by
killing or reducing the productivity of speeies that are oot wlerant 1w the chemical, and

reduce the overall biologienl diversity of the commumiaes If only a {ew species are tolerant

182 Losmphurse, A Roobgreal Gegraphy of the Sea”, Scodemie Press, 1996

" lims, ) e B, G2 Thomas and O 5 Reyaolds fod, “Phyteplankoon Prodecvine Cacbon Asamiladon in basny
wnel Peeshwatee [oospsnoms”, Blackwell Srivnce, W02

Mo . . . : . . . .
M Cale, K, o ol 5 massive phvtoplankron Honm snduced by an ecosvstome-scale iroo fembizioon espennesr i the
vopuamibeal il § docan ', Maeene 333, FFOG, pgr 49550

B Raclmans, A A, o “leprnd modelling of conreplicacn s orpanc comaominant fae & effecrs e agueaig
coosyses, ol reetae erer Heteords vnl 33, 2001, ppe 35073530, Shalndab-Tzhea, 3 mcl & Vanaka, “lmpaces of pralletasn
un ceastal and maome coespsiems nduding cowstal and manne fisheoes and approach for manapement 2 revies
syoliesin!, Arene podfteson Seaffeann 18, 2000, . 624-640
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of the pollutant " Even when polludon levels are not high ensugh o cause direat morcality
of marne species, the concentrations of many toxins can accwnulate as they pass up the
food web through predation, making the predatory fish dangerows for  human
CONSUMpLon "

Box g: Philippines coastal respurees and threats from coastal run-oft

The Philippine [slands have a coastline of neally 40,000 kin and in 2000 nearly 2,500
inhabitants per km of coastline. The ¢oastline supports extensive coral reefs, sea-grass
beds and mangreve forests, which in turn support an exceptionally tich biodiversity.
These resources are exttemely impoitant to the Philippine economy and coastal
lvelihoods, For example the mangrove forests are estimated to provide mare that $600
per hectare in sustainable fish and wood production, and the cotal reefs provide the
ceconomy over %1 billion per year in fishery, tourism, and coastal protection values.

The main pressurzs on these valuable coastal ecosystems are agriculture and forestry
practices plus development of arban centers, tourism infasttuctwe, and industrial
facibities. Past unsustainable forest practives and pooe agricultural land management has
resulted in extensive soil erosion in some areas, in tuin leading to smothering of marine
organizms in the recfs and sea-prass beds, redoction in light penetration, and chanpes in
both putnent and oxygen levels. In arsas where agricultural runcff to the sea is nat
managed, these problems are increased by fertilizers, pesdelides, animal wastes, and
decaying plant material all ither altering the nutrent regimes and reduemg oxypen
leseis. The agrcultuie sector alone was cstimated to preduce over 800,000 tonnes of
crganmic pollution in the early zooos. These far excoed the capacity of the coastal
ccosystems o adapt and assimilate the inputs, and productvity of the most heawily
impacted coastal areas is declining, with loss of fish prodocton, tourism opportunites
and aesthete and biodiversity values Industrial and urban waste disposat are having
effects that can be even more seripes in local areas.

The Philippine government is instdtuting major initiatives to address agrieulture practices
that reduce runaff of all agoeultural by-produecks. These iniHatives involve communities
extensively in adapting local practices. Because clean-up of severely impacted areas has
proved costly and diffiealt, the emphasis is on prevention of undesirable run-off, ather
thart brying to correct the undesizable consequences of unsostainalle prackices. These
efforts have highlighted the tght links between land-based practices and marine
ecosystem health, and interconneetedness of all the camponents of the coastal ecosyslems.

fvailable at: hitpef fwew oneocean argddownloadfggo 08/ intres pdE
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Gihal Chage Brslozy 8, 2002, pp £13-334
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As disevssed in more detail below (see Ecosystern Composidon and Biodiversity), the
biclogical features of an ccosysiem are also mnportant In adopting an ceosystern approach,
and include all the plants and animals in the arca, whether they are permancat residents or
only present seasonally Plants include both phytoplankton, which consonete the basis for
aquatic food webs, and macroalgae, which ean be both an impertant food source for grazers
and shelter for nvertcbrates and vertebrates trylng to avaid predators The animals cange
from very small zoeplankion grazers on the smallest algae up to greac whales, and include
many diverse kinds of invertcbrates, elasmobranches (sharks, skates, and rays), fshes,

scabirds, and marne marmumals

2.2 The relevance of dilferences in definitions to mapagement and policy

The major differences in the defimoons of what 13 an “ecosystem”™ lie in the emplmasis ghen
ter the physical, chemical, biological, and buman componeats of the ecosystem, and to their
interactions . Many of the differences refleet the varying imporlanee of the different npes
of features of an ccosystem at differcat spaoal seales, in different parts of the planet, and
somebmes even among areas with differenr bistories of human acoviues Such differences
are important o these rying {0 apply an ecosysterm approach in policy or management
They do not make one definiion of an ccosystemn more or less “dght” than another
defimdon Flowever, 1o any speaific applicaton, some definitions of an ecosystem aze more

useful to managers and policy makers than other defimdons

Inn this eespect, the problerns fnced by tmanagers and policy makers can inflecnce what
definition of “ecosystemn™ will be mest useful For example, 0 manager working on the scale
of an individual lagocn or 2 coastal area of a few tens of kilometees in length will probably
find that deflinitions stressing the siructure of the seabed {(bowom substrare, plants and
ammals that ceeare physical structure such as corals and sponges, ete ) will correspond 1o the
considerations important to their work m

TH . . . . .
Soane delTerenees nry velleen alsciplmany Tiases, as it e aand [or expers o peve special impoesnce we the parcs of G

comsysiem onowhich thuir anvn work i alrendy focused  Conssguesily, i always waloable T palicy onabcrs and iomaners
et Lackpmrrsnobe sol smmeresns of heir seponoe bersos, ol o et o adde o rmge of profesiomal and oemmonine advice
et e sinues smd trends of theic ecosysicme cirmponenes

184 - . . . . . . -
PRl 5, 12 Radfecllioamd S Fheush, “Patelwncss amd diserance in sl swater beoddie ssaemblaes", w0 1B Giller,

A Dhldrear and 120 RalTaelhi jeds), “Agoaiic ecolopy- soule, paoein ane peocess, Blagkwell Sgicnce, 1994, pp 232,375,
Hewinl, J b, oot f, “ALippiog al flane Soft-Scdimenr Commmcs lotegried Sampling fer Readogical Tnaerpretatien',
Eirimgicert wpgsSarerony 14, 200, pp 103-1216
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{n contrast, a manager wotrking on the scale of a major gulf or eceanic basin will {ind
that debimoons focusing on detalls of the seafloor are less helpful because the management
decisions will be on muoch larger seales than specific seabed struetares

In the case of 2 manapor working on 2 systemn dominated by an easlern oceanic
boundacy current, sueh as the Humboldt Current, the Benguela Carrent {see Box 10) or the
Canary Current, vanagan in those curtents cxers stirong influence on the productivity of the

- . Lt
C.DIIL‘S')OHC]I[‘.IE MCe eoosys [e£rms

e Fedber, FE, “Environmenrl b e the casicrn eropical Macilic Ocears revew of RSO and decadal vl ™,
Marwe Ervadsgy Pragrers Teder 204, 26023, pp 205-28% Shoanen, 1] e af ™ Trophic Mows i e sooctenn Bongueels dasing due
19840 i 19HE ,fﬂ-‘-'rf-'-'-'-'r-lf_;"' Alarex _Elj_i.f:w.l_r 3030, I 13116
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Box 19: A Coastal Upwelling Systern — the Benguela Curient

Manine ecosystems to the west of most ecoastal land-masses at mid-latitudes are
characterized by strong oceancgraphic processes and biolegical communities with many
stmilarities, The syslem to the west of southern Afiica, fiom soulhern Angola to South
Afriea, referred to as the Benguela Current systemn, has been studied by a comdinated
project over the past twe decades.

In this system, there is very slrong seasonal and interannoal vanation in the abondance
and prodoctivity of most of the species in the food web, Winds and the strang, south-
fiowing ocean current combine to produce significant spring upreelling (itsing o the
surface of nutrient-rich vool, deep waters) in at least 8 locabions along the coast. This
water, in urn, produces 2 very strong seasonal burst m primary productivity. Year-tg-year
variation in the strength and Gming of the winds and physical oeeanegraphic events can
be reflected or even amplifted in year-to-year variation in the nming and magnitude of the
pulse in prmary productivity. Depending on the timing of the spring bloom, the types of
zooplankton grazers that would benefit most could also change f1om year o year, with
some condibions faveering large zooplankton like laige calenoid copepods and
euphausitds, and other condidens favouring small zooplankton like cyclopoid and small
calensid copepods.

Key fsh species in Uhe Bengnela Cortent system inelude sardines and anchovies, which are
the main predators on zooplankton, and the main forage fish species for the top predators
in the systems. Anchovies feed on larger zooplunkion than do sardines, so that
oceanopraphic-driven changes m primary produetivity can be transferred directly to
changes in the relative abundance and produetivity of sardines and ancliovies The
migration patterns and spawming places and fimes aie all adapted to these sexsonal and
peopraphic patterns of changing productivity and oceanographic conditons. Wereover,
the major fish predators, such as Cape hake, and seabirds also are alfected by the relative
abundance of sardine and anchovy. The gil-vich anchovy genetally provide greater benefits
to the preduler community, such that thelr year-to-year productvity - both growth and
production of young - can alse be driven by Lhe basic oceanographic processes.

In sueh =systems, managers and policy-makers need to remain informed about
oceanegraphic conditions and the status of the main graging cormmunities For example,
Soulth Afriea monitors the zooplankton community moenthly, te get eatly informabion on
changes that may affect the Osh populaticns sopporting fishenes. The fisheries
management objectives and approaches alss nced to be responsive to changes in
ocganpgraphic conditions, ensuring that the exploitation iate is appropriate for the
productivity. Because of the eHects of oceansgraphic cunditions on these systems, long-
termn objectives of keeping populations of both sardines and anchowy al any fixed ievel
waould probably not be attminable.

FPayne, AR, Ka Mann and K H Hilbom {(eds ), ‘Benguela Tiophic Funetioning”, Southi Afficen
Journal of Marine Science 12, 1992, pp. 1108: Moloney, CL |, ef o, “Contrilmiions of 1he
Benguela ecolopy program to pelagic fsheiies management”, Soith Afrfea African Journal of
Marine Sctence 26, 2004, Pp- 37-52
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Correspondingly, these managers and policy makees may find that definiions of
erosystemns that give emphasis to the oceanic physical and chemical propertes are guute
relevant to their work, whereas the sune definidon may have less otlity to a manager
working in a sheltered coral reef (see Box 113

Box 11: Coral reef ecosystems

Coral reef ccosystems are widespread in the woirld's oceans. Long considered a key
ecnsystem bvpe in the shallow and warm seas of lower iatitudes, there has been growing
interestin deep-sea and eold-water corals, and their associated biata,

Shallow water cozal reef ecosystems differ in many details of community compaositicn, It |
have many similarities in the ecosystem processes. At the most fundamental {evel, they -
are characterized by the limestonefealeiom-earbanate structural foundation buoilt wp
usually over many centures. Compared to many other types of marine ccasvsiemn, coral
reef svstems tend to bo relabvely seli-contained. Productivity is largely (bot not !
exclusively} determined by local conditons of pubtrients, temperaturs, and lght
penctration. Because of the more internal cyvcling of nutrients, hiomass, and detritus,
nutrient limitabon often plays less of a role in coral reef system dymamies than it does in
more open systems. Much of the local production remaipned within the species in the reef
system There are grazers on macroalgae as well as phytoplankton, and biomass is passed
thiough the food web by grazing planktivores, predation, and reeyeling of detritus in the
loeal area of the reef, althgugh eventually as much as 75% of production eventually may be
expotted oul of the reef. When reefs are located in the path of strong oceanographic
eurrents they have some eapacity to strip nutrents and biomass from the passing water
column, and smooth over aseillations in its natrient levels.

In addition ta these features of comparatively (but not absclutely) stable productvity at
lower trophic levels, coral reefs are also generally characterzed by a complex three-
dimensicnal siachure provided by the reef itself. This thiee dimensional soueture and
stable producton tends to result in Hish and invertehrate communibies with many specics.
Often na single species is numerically dominant at any trophic cole, with niches
sometimes parftoned quite finely among species with feeding sreategios that can be
highly specialized.

The species rich communities with many linkages among predators, prey and competitors
make i1 hard Lo moniter and model the dynamics of the community with precision.
Extractive use of the ccosystem, such fishing, may harvest many different species, with
maragers severely challenped to matkeh eateh levels of the vadous species to their diffarent
productivities Withouet cautions management the large species in these systems can be
depleted quickly. This can lead to substantial changes in the composition and processes in
the rest of the system as top-down control is diminished. Managers also have to be highly
risk averse 1elative to the struckare provided by the reef itself. Without the complex three-
dimensicnal sucture, both the interactions bebween predators and prey {thal depend on
hiding places for both ambusk and escape), and the basic bottom-up productivity of the
system can be seriously altered,

Halcher, B.C., “Cora) reefs, How much gieater are the parls than the whole”, Coral Beafs 16, 1997,
PP S77-501
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The emergent messape froin these considerations is that ne matter which definibon is
chosen, an ccosysiamn tocludes all the bving things 10 the area, the physical and chemical
propertes of the seafloor and water columnn, all their inter-linkages, and all the ways that

Lhe:,' interact with humans using the arca

These things all matter, but they do not matter equally. One fundamental responsibility
al a MATAEET Or p{:uliq-' miaker 15 1@ deteomine which fearoces are the key anes o consider for
theiv jurisdicdons  This task has several dimensions, including spaaal scale, seasonality, and

biolagical diversity and species composition
bwadrad el

As discussed above, if management and policy are being applied on very local spaual scales,
choices will be stronply nfluenced by information that may be available about the seafloor
communiiies and habirats  Such informaoon wall coniibute to development of policies and
management programmes thar ensure the sonsiove and vulnerable halntas and communities
are protected from harm, and allew human activitdes to occor in the places where they wall
be productve and susminable ] management and policy is on large spatial scales, the
spatial consideradons will be on much larger ccosystermn features: overall depth and
Lathymetry, major aceanographic feamres such as upwelhing zones, currents and gyres, and

shelf breaks

Where detailed informaton on the biological communites oo the seabed is available, this
may be importanl o decisioms on wheee buman activides should occur More typically,
however, bide informadon on scafloer communutes and fine-scale fearures 15 available, and
the management decisions thernselves ace likely to be large-seale decisions with very litte
loeal spatial resolution 1t is typicatly the case that spanal components of management an
large scales wall be based on the distnbutions of biolapgical communities in the water eolarmn:
fizl, seabirds, and zea macwoads sather than beothos 1

bectsaaerfety

Anonber dimension in the considertion of an CCOsyHIEm ﬂppmnch 15 seasomaln }"\-‘Innng{:rs
of rtercesicial svstems routdnely wke accounl of seasonal weather and climare paneras

because ccosystems and huwman uses of them are dynamically linked to major seasonal

"1 PN Bacnes and | Thasmas s naare 381

L L v g . . - -
Farcie, Bl 87 et reeon, MConmeoting Tundscage panerns e ecosvatemn and pepulanon proccsscs”, Moavsre 373,

1995, pp 290-302; Teslic, DAL, 74 Syaahesis of Wlwine Ceoseranon Phomng Apposcles”, Cooeaton Biedgy 19, 2005,
pp 1704-1T13
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weather paterns in cxinfall, teroperaruce, and even day length Lo varpng deprees, the seas
are also seasonal, depending on laotude, depth, position in the major ocean basing and other
factors  For cxample, “spring blooms™ in productvity are tied ro wind-daven “up-welling”
of nutdent-rich deeper waters in coastal areas, ™ and the tuning of migrations and
reproducton of many mobile species that take advantage of seasonal periods of high (ood

[ k8]
abundance

Hurman harvestop of manne and coaseal resources has long been adapred 1o such
seasonaliy, where i occurs Hewever, an ecosystem approach to the management of human
acavities that age not inherently exiractive stll needs o consider seasonal variagons of the
ecosystem in which the acoviy 15 occurring Acdviges that may have liede impact on the
CCOSYSICI 1N sOome seasons may crose substantial disturbances 1w animals in seazons when
the animals are densely aggregated, and engaged in crucial activides, such as breeding,

spawilng, reating young, of fceding intensively
Bewdrpretd cbeevnsety comel tfhcras cimfieriative

Another relevant ccosystemn dimension is the biclogical diversity and species composivon of
the censystern The scientfic community has debated the bok berween biclogical diversity
and ceosystern stabilicy withow achieving consensus, although recent findings by the
Census of Marine Life cervunly highlight the importance of ological diversity for
ccosystem luncion in the deep sea ™ This issue is discussed more fully below (see Section
3 However, it would be impossible for monagement and policy o be tasked with
attemping W keep cvery species al some  pardealar “pamorst” abundance, and  every
relauonship bepween species at some pardeddar e Al natueal communines and  then

. - ' ' ' N 7
component specics vary in abundance, and vsually distnbotion, oo mudtiple temnpoal scales

ra hhller, O 1, "Miologgeal Qoo g™, Facloecl Soence, 2004

1ol Pemes, BLI, et af fuls ), "Bhigrmeass and Phigperal of badne Odpamecons: Proccedigs of the 30 Zorspemn s
Py Srmprsm, Boykjaeik, Decand, 59 August 2002, Kluwer Acacleone Publishyes, 2003, p. 262
U P, ST b gornpleziry il siabibiey of geesysieas", Nt 30T, 1084, pp 120-323

P hoial | orwem o Chons, s and Fslads, feporr From diwe Sieangse Manuing Workshop on Glolal Occam, Lo

an Mlwsine Aecas Beyond Matenad Jumsdetnn ia e Conngs of Clieee Change, Mice, Frnee, praoary 23-2% 2008, avalalde an
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In this respeet, an ecosysiemn approach to policy and management is not tasked with
artempong to “frecze’ the ccosystern components inte any specific configuradon; rather, it
15 tasked with taking due account of the natural patterns of vagadon in the biclogical
components of the ecosysterns 0 which management 15 cccurring Managers and poliey
makers should ensure that human uses of the ccosystemn are responsive o natura) changes
expeected in the ecosysiem, neither amplifying the nanral vapanen to levels thae are unstable
nor creating human dependencies on paracular species that will not be sustainable during
normal periods of low availability of the species

Surrumary of key ideas

(a} Various definitions of “ecosystem’ highlight that in adopting an ecosystemn approach

consideranion must be given to ocean physics, chemisiry, and biology:.

(b) Differences in the defininons of an “ecosysten™ are in the emphasis given 1o the
physical, chemiecal, biolegical, and human components of the ecosystemn, and 1o their
interactions

e} Any useful defimpon of an “ccosystem™ will include all the features and inter-
relanonships of an area, and the hwmans whe live near and interact wath the physics

¥

clh'_'mistr].-' and !Jiﬂl{:lg}r of an arca

{dy Ivis the fundamental responsibiliny of managees and policy makers te determine dhe
key featires of an ecosystem that necd 1o be considered in thelr jurisdicton  This
task has dimensions invehving spatal scale, seasonality, and biclagical diversity and
species composition

Chaestions fon discassion
{n)  Whar 13 the relevance of ocean physics, chemistry and bislogy in ccosystam
approaches wo policy and management?
by Why are diffecent definitions of ecosystems applicable in different contexts?

) How can spadal scale, scasonalioy and biclogieal diversiy assist managers in
determining which features of an ccosystens are most relevant in their area?
3. Biological ecosystem compasition

Az outlined above, the biological components of an ecosystem nclude the primary
producers, prazers and from ene 1o three or tour levels of predators
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31 Primary produces

Prruiry producers may be single-cell algae in
the waker column ot manne plants attached
to the seafloor s the base of the food web
and foundation of preducovity for all the
anirrals in the system, the primary producets
are cruecial o ecosystem processes, and thelr
conservation and protection may be an
umporkant consideration in management i
Nutbient concentsadons are an mpoctant

dover of pomary produrdon, which means
that an ecosysiern  approach  reguires
epsuring thar human activides do not preally
alter nuent levels in the produciee zone

Such alteranons can ke the consequence of

land-based runoff or pelludon as well as waste disposal at sea, which arc important
considerations in an ecosystem approach ™ Prmary producdon also requires bght, so siltadon
can dlso be an important consideration ™ When marne plants (ofien referred to as macra.
algae) are an impottant part of a manne ecosystem, ccosystem approaches also require
ensuring that humap acovides do nor caose unsustainable res of disturbance of tiese plants
where they are attached to the seabed or floming freely. Sueh protection is paroculaely
nnporant becavse these plants do oot just rcpresent food for grasers bar they also prowide

el H

cover and shelier for (sh and inveetebrates, espeeially for lauval and juvenile fish

3.2 Grazers or “secondary consumers™

Ecosystemn grazers include both zeoplanktan and fish Most phytoplankion consumption is
by small zooplanlkeon, whereas macro-algae cin be eaten by small zooplankton, many wypes
of invertehrates and cven some species of fsh Io some constal ccosystems grazing on

macroalgac by darper iovertehrates and fish is a very hnportant compenent of dynamic

i '[_'11:.'|11|:|H. 13, “E:IHI'HI!“I;'.I:JH Mragdug rzem anel 1:[1_1_:|.I|:|.I:Iu:'| ik Hbe S, l:-.'.‘lﬂ'll::lrid!:L' Uniw_'rxit}' Press 1995, " 351

") e, I, G Bl and B Pesner, "Whae Bappoes ao oacerescial arpame outen oo the acein’”

Orpewse Ceaberarsery 27, 1997 pp 195212

M i, €0 and 0 Linelan, UCreoaal conggstoms: Aarempes oomanaee 1 diaienod sesonree”, Anbip 12, 1993,
pp +08--H 3

= Grwacke, Boand M Speight,  Lhe relationsbr Leswe o sl speens achness, abomdaney and liabiar complesey o
empe of shallow wepical munae habiows”, § Fod B Gbm, 2005, ppo 630-067; Remanuk, '3 and (01 Tewings,
“Relitoansdiips between fishoomd supedicosd cepeaton moseie shire murine balaous", clgwei Conerreign: Alasine amd
Freshwwiter Eqrgeeiemes MG, 300, ppr 115-132
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ECOSYSLOIM INteractions m Away from the near-coastal areas, however, zooplankton grazers
are the key ecosystem component at the secondaty consumption level  In most jurdsdictions
these zooplankton are rarely used directy by humans, so they mrely are a direcr
consideration in pabicy and management However, as the key pathway by which producnon
15 transterred up the food chain to fish and larger invertebmnes, management nceds to be
responsive to major changes in zooplankion abundanee and species compeosinen Such
changes can ocour seasonally and from year 4o year in ecosysiems which experience swong
forcing by physical ocean condidens such as currents and temperature. . Crecasionally,
zooplankton is used direcdy by humans, such as the kall fisheries 1o some Antarctc waters
and other oceanie areas As explained later in this Madule, it is pardcularly important that
management of such {isheries is highly nsk averse (e, precavtionary) and takes an

ceosystern approach  Cwver-larvesdog of sccondary consumers can have widespread

consequences for many manne predarors that depend on the zooplankton for food
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In recent years, evidence has shown that there 15 a second pathway that prmary
production may ke i manne ecosysiems, (rom plywoplankton to microbial organisms
where the producton is cycled unal it settles oot in the deeritus on the seafloor This
pathway is important beckuse such energy is less available to the fish and larger invertebrates
that graze on zi::n{:r[:rlm-jktﬂn.:‘Ju Scientsts do nat yet understand fully the reasons why
production may switch fiom the pathway of zooplankton, o fish and invertebrates, o the
pathway of the “microbial loop”, however, when it oceurs it can result in mjor reducnons
in fsh and invertehrates avalable for harvest This illusiates another reason why ecosystem
approaches wy o mainwin the species composibon of the comrmumty, beoause such
alterabons 1o gcosysiem cernposition and enerpy flows seem particulacly hard o reverse,

once they have oceuried

3.3 Marine fish and invericbrates

The diversity of mazine {ish and lazger invertebrates is great, and new species coninue w be
found even in relabvely well swodied areas” As a rule of thumb, lughly producove systemns
have a greatee biomass of fish and invertebrates, as well a5 more species " 1n ECOSYSIITIS
characterized by stable plivsical oceanogreaphy, the speces composioan of the area may also
be guite stable over ame, including the rlanve abundances of the varovs speaes Io
ceosysterms where the physical processes are hughly dynamic, sither seasonally or among
years, species composition and reladve abundances ol b fishes and 1nvertehrates usaally

' m?
will also Aucruate greaty

Erolepists (requently differendaie the benllde, demersal, and pelagic components of the
fish and larger imvertebrate communioes This pacddioning is pactdy a convenence for
orgenizing informadon and conduciing rescarch However, it does reflect thar ceological
relatpnships are often cdosest amonp species in the saine compenent, although as explaned
below (see Secaon 3)), these components are always inter-linked " The parldening is often
uselul for managers and poliey makers as well as for ecolopists; because many managed

™Mo Cusling, sqpra note 198, Mo, B oo el ' The menlions etlcer of ity on cogrepesd regorduccion®, Mofees 102,

1999, pp 173176 Calher, A and MR Landry, “Seso-zonplanktien influcices on the migrebial food sl docer sl isdicect
trophee incmEnoms m tiligriip rr‘nhic LpICTL B0 f_,.fmr.'r.'.'!tgp al Clrvatmreinfy 44, 1998, pp 1370- 1380
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W i, Cromumd, B EG, J1E Gape and WY Anwg] fedsd, “Manne Bodiversigs Partens and Processes, aolmdpe
LUnpcersty Tecias, 1998
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human acovires have their direct impacts, or deaw their benefits direely from one of the
three compenents Thus the partidoning of the biological community inte benthie (seabed),
demersal {near the seafloor), and pelagic (up in the water column) components ean be useful
for both planning and for communicadon

Beatlic «ammniiy

Where the seabed subwsteates are sofr, such as sand and mud, a very diverse community of
burrowing inveniebrales and fishes may budd up high biomasses The burrowing “in-fauna”
is ofien largely invertebrates, including many bpes of worms, sheltfish, and others - Both
hard and soft seabed substrates can support diverse communines of benthic invertebrates
attached to the scafloor bur extending up inte the water column The emergent communiry
can Jnclude many types of invertebrates, both sessile, such as comls, sponges, sea pens,

' . . JiD
bivalves, ete and mnobile species such as crustaccans, mollucs, etc
r 1 =

A number of fishes also are conwnoaly part of both the burrewing and the emergent
parts of the benthic comununity Many of the fish and iovertebrates can be impoitant w
tominercial and subsistence Gishenies, such as the shellfish, ceabs, octopus, et Both of these
benthic communities niay be highly stable over time, or may be reguldacly diminished ot even

largely eliminated through wave actons, storms, cic

Ecosysiems characterized by repular natural disrurbanees of 1heir benthic communites
are often comprised of species thar reeolonize arcas 1cadily, whereas areas where natural
disturbances are rare are likely 1o have more species with fow abiliey to disperse and slow

i

rates of populabion increase when they are introduced into an area

The bembic community is paracularly impaortant to management and poliey for three

LLASGOR

*  Niany trpes of human activities contact and alecr the seafloor direetly, and all of these
will impact this communiry dircetly as well In some cases the mnpact on the seabed is
cssental 1o conducting the acuvity, such as when fishing for burrowing shelifish

I othier cases, the impacts are accidental but nonetheless can be serious, such as when

i
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benthic communioes are smaothered by dumpiag or sediments {rom  seashore
construction  The impacts of mulople ot repeated human acovides are also often
cumnulative The consequenees of a repeated chronic stress, or ¢ number of different
acavities occurting in the same area, may pose a thieat to the benthic communirgy that
warganls marigement aclion, even if impacts of indvidual acovibges are considered 1o
be small Hence, impacts on the benthic community will be a consideration 1o
management of many human scdvites, not just those few that are acnoally iarended w
make use of the bentlde comrmunily -

¢ The severy of the mpacts and the gme at which e akes the community w recover
will depend oo both e nature of the impact and the natureal patterns of disrurbance
of the benrthic community Good management and sound policies will have to ke
account of both the nanual disturbance patteens of an area and the history of luman
use of the area. I the drea is proweeted from matuea] distacbances by depth or narural
protecuve barners, and has oot been used by humans imensively in the past, even
relatively modest levels of disturbance may have major ecological consequences from
which tecoveny will take many pears ;

o The benthic community includes the patueal deteitus of the ccosystern Everyihing that
dies and sinks oul of the witer eolumn without being caten ends up on the seabed, so
the benthic community s necessary to recyeling energy and nulrents in rmacine
CCOsYILems " The imporunce of this will be discussed below (sec Section 3), bur in
woms of implications for management, serious diswriances of benthie communioes

can have pargewatly widespread consequences for ccosystem funcrioning

Perernaed Cosemrsenify

Many species of fishes and some mvertebeates compase the demersal communuy. o high
latitude and low prodectivity ecosystems  there may be celalively few species o s
community, but theee may be many demersal species in an avea thav bs highly producrive, if
the physical and chembcal covironment 35 faidy sable, oo iF the seatloor and benduc

) ) ) ns
comomunity has a complex three dimensional strucuee
) P
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In erosystems where productvuy is highly seasonal, many mmportane species in the
benthic community may be migratory, sometimes over larper distances Also demersal
commurnines with yoany species are bkely to contain species with very different lifc
historics. " Same are fately short-lived with most of the populziion comprising new recruits
cach year and mameaaon after only a few years or somedmes even a few months Cther
species can be long-lived with very low rates ol aonual recruitment and may require two
or three decades to mature Demersal species may have very segular raes of annual
recruitment, but often recruitment levels vary greatly from year to year, pargcularly in
ecosystems where environmental condidons are highly vanable over ome lndriduals of
some demersal species like cod and hake produce milkons of cggs annually, but other species,
such as skates and rays, usually produce only a fow cggs In many demersal species the larval
and juvenile stages of fish and invertchrates may require differenc habitgs and have different
diets than the adult stages, and the vanous Jife bistory stages ace somedmes found in

cm‘npimcl}r different locavions

The key management and policy consideration 1s that the demersal fish communiry
usually includes many of the species that support directed (sheries in an area * The
diversity of life history strategics that ean be found in the demersal fish community makes it
impossible to provide peneral puidelines on how moagement can cosure the fshenes are
susiainable Kather, this underscores the need for sustainable management to ke account
of the biclogical properties of the key species being exploited  This is often difficult in
pracoce because the demersal community in mest ccosystems contains a1 number of

different species, with a range of life histories

I{ the species are harvested together by unselective gears there is a tendency for
cxploitanon rates to be set for the most productive and abundant species in the system This
can resull in serious overexploitanon of the species 0 the community with lower
productvities — low annoal rates of recrvibment and oider ages of maruradon  Where

recrmtment is highly variable from year to year, the cxploitanon rate for the species has to be

fa Cligooy, 131 angl P Gillonly, S el omsperiure i the Boeolugam of Fish Tife | s, utperterc snal
Coempreecativy Jhiofe A, 2004, . 404-497
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adjusted o track the changing produectivity of the popaadon " This poses  many
ntaagement challenges, pargculatly whea a species expenences a period of high recruitment,
and attraces substantal interest [eom harvesters When recruitment returns 1o average ot low
ates it may be bard to reduce or redirect the fishing effert that has built up, cesuldng in
rapid depleton of the populagon at a ame when it is unproductive and recovery is
partculady difficu .

Even if mamagers and policy makers are dealing with izsues ather than the divected
fizheries, there soll may be unportant consideranons with espect o the demersal fish
community Because this community is closely associated with the sealloor and benthes,
decisions affecting the well-being of the bemhic cormmunity may have cffects on demersal
connrnuedty stability and produetvity as well Ulus 15 pacocularly the case when larvdl and
juvenile fish make use of the theee-dimensional stouchuice of the seafloor and Benthic

community for sheller or feeding, which often occurs
Priaon Comvanily

The fizh species o the pelagic community ofien form dense schoals, and are often lughly
mugratory seasonally and mobile over shorr dme periods They can reach very high
abundances, but abundanee and productivity can both vary greatly belween years and in
many ecosystems, also on decadal and lenger dme penods o Pelagic iovertebrates ace less
comtnonly major components of the cxplowed pelagic commumty, bur some spedies of

squid, far example, show sipular adaptatons

Small pelipic species such as sardines, aoelovies, squid and heriog can e important as
food for other predators, whereas krge pelagic species such as tunas and billfish can be
demunant predaters * Because of their schooling and migratory patterns, and dhe rendency
e oecasionally reach high abundances, the le of pelagic speeies in local ecosystem
dynamics can be important, but s hard to predict Moreover, the migratory nature of many
pelagie speces memns thal ceosystermn approaches o mamgement of acovides dependant on
these populanons will vsually bave o be on rdlapvely large spatal scales, or else involve a

cooperative effort among many jurisdictions l'here are also soine large pelagic sharks, and as

M Hid
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Cury, ', el S| pelagics o upwolling syemss: patiems of amercions oul steucivml changes i aspeasaine
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with demersal sharks, skates and rays, their lie histories mean that they can sustain only low

. R P
exploitatdon mies

The consideranons for management and poliey for this community are similar 1o those
for demersal species However, populations of ]:ciagic species often vary cven morc than
demersal species on decadal scales, and environmental condigons play a major role in these
variations There 1 an even greater tisk thar pedodically manapers will have o react o
rapidly dedlining abundance of a species thar support important fisheries ' The Imporant
role of many of these species in manne food webs also means that managemenr {ailures
often have serious, wide-spread and lasung eonsequences for many other parts of the
ecosystems and for human oses of them The positon of many of the large and migeatory
pelagic species as top predators in the ecosystem also means that (hey ean accumulate bigh
levels of woxic chiemnicals it their prey is exposed 10 coaraminanrs These chemicals can pose
health risks to bumans caong the fish, and thus may pose challenges 1o managers and policy
rakers, cven in jucisdictons far removed (tom the sourees of pelluten

3.4  Seabirds, marine mammals, ane sea wartles

All magine ceosystems support populations of madne birds, nrtles, and  mammals
Compared to fish and most iovertebrates, all of these species have very low producdvides
and old apges of m'ltuni}, mth many species producing a single young per year and some nor
even breeding every year * This means that harvests of these specles, if undertaken, need o
be managed carefully at very low exploitatdon wmtes Many, but not all, of these species are
Loy ]:rrcdnmrs f{:cding ona fish or lnrg:: ioverielrates, however, same of the l:u'gcst whales in
the sea eatr exclusively small zcop]ﬂnkton,m while turtles feed on seaprasses and/oc
invertebrates, such as sponges and jellyfish Generally these higher verrebrawes require
reliable {fond supplies for survival and reproducnon Althoogh many species are highly
migratory on seasenal nine scales, their breeding biology often des them w very specific
sites for key parts of the year Thos, local prey availability ac key breeding or foraging sites

may matter at least as much as overall prey avalabibicy
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The  spemfic  sues wsed  for

bieeding,  courntship, and  other
seasonat life history acovides also
usually require a ligh degree of
protecion The  protecdon ds
necessary when individuals are at the
site for whatever life history activicy s
undertaken there, beeause populadaons
are particulady sulnerable when they
are agprepared However, e habiur
factors needed for the Kfe history

ncn’vit}' need prmccu'ﬂn even when

the individuals are not presenc in the
area, so the arca will be suiable For

the lile history  acdwvty, when  the

peogrer season b cach  acuowvey

ATIIVES

[n terms of management  wnd

policy, these species are sometimes

wsed for food, bar almost none have
been  rouheted cmmncrclﬂll}' Fere

several decades However, populanons
of many  spedes  were  severcly
depleted (rom histone over-harvesting
of  bycatches, or  bécavse  thar
wadinonal  labitas  or  inipradon
rautes have been grealy alered duough human acmitnes, induding the release of exonc
predatots on many breeding colonics Widh low inherent productvibes, many of these species
are recovedny slowly, if at all, frewn their depleted abondinces "

Where legal mechanisms exist (o protect species al sk of extincoon, sea bicds, sea
mammals and sea nurdes often are protected Managees and policy makers often have to give
bigh prorty to protecung soch specles [eoin haom, such s byeaeh in fisheries or
disturbance of their breeding sites Fven for abundant species of seabirds and manine

marrunals, species of bsh and invertebiates on which they depend need to be managed to

ur Peery, S0, P Peddasoer wind G K Siller, D he gren wlaboe Flizeenry smd simms of s speows seed s cndungeigad
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allow ample food for their necds, often on relatively local spadal scales Al these species are
air-breathing, a5 well, so they are frequendy found on the surface of the water This makes
them highly vulnerable to ol spils, whach 1s another consideratgon In routing of sea waffic.
Many specics absa undergo major migradons, ofien in large groups, inereasing even more
their vwalnerabuiny to ol spills, boat stnkes, or other disturbances by shipping at these omes
When major migration routes are shared by several species, some jurisdicdons will
implement special management measures o protect the spectes along the migraton covndor,
as well the fearores thar make the mugraton rouie important to the species There 15 an
on-going debate among scientists about the effects of noise in the ocean particulaily on
manne mammals Although the issue s not yer resolved, it 15 certainly another consideranog

. b
In marsEge menl

3.5 Biological diversity

The concept of bickopical diversity is fundamenal 10 an ceosystem approach It steesses that
an ecosystem Is much more than just a list of species and the habiats in which they live =
Bewinrad Ddercristy of o Syfont

The number of species of each general biologieal tvpe that are present and the relaove
abundanee of the different species are the comnerstones on which ecosystermn relationships
and ccosystems processes are bl Together, these facrors — how many species are present
{ic, the “species richness™ of an aren), and how abundance varies among the species
{ie, the “cvenness” of the abundance of the species), plus the genetic diversity within each
populadon — consamite the biclogical diversity of the system Some debninons of biological
diversity feg, in article 2 of the CBDY} also encompass ccosystem diversity in addition to

. - . . 2
species and gencte diversiry

Ecosystemns differ in these components of biclogical diversity, reflectng in part historic
patterns of arrival of species in an aren and adaptations of species to the physical and
chemucal features of the ccosystem and their vanability, as well as the co-adaptanons of the

species tor the presence of other species

3 . . . .- . N . .
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Box 12: The Census of Marine Life

The Census of Manine Life is a global network of researchers in more than 80 nations cogaged
in 8 10-yeal seienlific initdative to assess and explain the diversity, distribution, and abundanes
of life in the oceans, The world's fitst comprehensive Census of bMarine Life-past, present, and
futura-will be released in 2010.

Seventeen projects conduct the rezearch and analysis on sik pcean realms that will he
reported in the first Census of Marine Life in October 2010, The Sclentific Committee on
Oeeanie Research Worldng Group meonitors new technologies for abserving marine life and
recomimends when cutting-edge marne technologies are mature encugh to be uwsed
rovtinely in Census hicld projects

Six Ocvean Realms: To successfully undertake a task as massive as a global census of
marine life, the seeans were divided into six ealms (with respective sub-zones as
necessary), with Census field prajects develaping efficient approaches for the exploration
cof each.
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Theze realms were intended o encompass all major ocean systems and taxa, but wers also
selected ta take advantage of the best available technologics In all Realms, the Census
seeks to representatively document diversity, in near suface waters it is tackling
distribution, and along the human edges it is demonsbating best practces to estimate
ahundance However, recognizing that over 9s% of the mare than 14 million geographic
species recolds in OBIS ape from less than 100 meter depths, it is clear that a quantitative
eensas of all Realms was ‘unknowable’ in even such an ambitious ten-year program.
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Dteraminants anel coiegreences of Siotoseed diveries

Seienusts have been studyving the determinants and consequences of bisdogical diversity (o
Pl . . . -
several decades T Some imporant generalizations have emerged, as outhned below:

=  Prodoctivity — systems that are more pmductive alsa rendd te be moee diveese

® Suuctutal complexity — systems which have greater complesity of seafloor
lopography and/or marne plants and ammals that provide three-chmensional halitat
structure are more diverse than systems with less strucnural complexity

s  Dhsrurbance — systems with a moderate rate of disnubance are more diverse than
systems that are cither very rately disturbed or systems that expernience frequent
disturbances It should be nowed that.

) the “disturbance” can involve impacts of human acdvities, boe they can also
invelve namral disturbances, such as frequent scouring of shallow coastal seabed
by storros and strong wave action;

{Ih) in practice, there are no operatenal guidelines for what constitutes “moderate”
or “frequent” distuchances and these are reladve and comparative terms; and

{c} the speows compositon and diversity of ccosystems can adapt to both very low
and very high rares of dismrbance: all are “ecosystems”™, bur the life histones of
species characreristic of arcas of infrequent disturbances will be very different
from those of arcas with high rates of natural disturbance {the former will
recover very slowly from major disruptions whereas the latter can often recover
relanvely quickly)

Like all generalizations, there are numerous exceptions to these patierns  However,
where there is limited informaton about the compwiues that are acrually present in an area,
the peneralizatons present a reasonable basis on which to commence dialogue about policy
and managenent The dialopue should take account of the need for the application of
precaction in the face of the uncertaintes about the ccological commuatties (See Module 43,

Diespite decades of sclendfic study, all issues concermag iodiversity bave nor heen
resolved Drelmie soll continues about the inter-relationship of diversity and stalality of a
communiq'm Interpretations of models and field studies have shown that lughly dirverse
communitics are more stable than less diverse communities for two reasons:

o [irstly, the greater diveesity provides roore linkages among species; and

Fivn, 51, 7 e Balge of Bonre!, S ldeagan Gniversiny Pros, PR Covsch, AR or o, " The Bole of Besbiversiy m
thr Fuactosing of Freshwater ond Magme Boarhic Feosysion s, Sedess 34, 2004, pp. T0T-715

B L) P, St Schilagpler, 15 ol B Sclimid, Hosseawm elfeas of Baodiversitg: A classificabon ol Typeetheses and
cxphirratian of empnc resuits', LZmbglsd Appfvien 9, 1990, pp 813912
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= Secondly, the greater number of Hnkapes often bufters the system as a whole, damping
major perturbarions

Heowever, similar snudies alse have been interprewed as showing more  diverse
comumunibes are less stable, in the sense rhat in a bighly diverse communily, external actons
(humaa actvides or envirpnmental changest are very likely to abter something in the
comununity, and if the original community is highly diverse then once disturbed, there is a
very low likeliliood that it will return 1o exacdy the same state as it was in before it was
tlisturbed

These debates are very interesting to the experts whe have them, bur often provide lictle
helpp to managers and policy makeis Whether an ecosystem is highly diverze or relatively
sumle, it will change over tme Tasking managers and poliey makers to allow humia uscs of
marine ccosystems, whike preventing any changes to them, will only guarantee that managers
and poliey-makers fail on both counts

Listrferr afsfrnach rr the WA e g

A ccosysicm rtppmnch 15 mrended w gtudc marpers and policy makers o chotces which
allow benefits to be taken {rom the seas while ensuring that the inevitable changes that are
caused do net amplify in magnimde as they spread along the linkages in the ecosysten, and
do not change even the maost dicectly affecied components of the ccosystem so much that
recovery 15 unlikely "

Summany of key idens

{1} The biologcal components of the ecasystem nclude the pranary producers, grazers
and fram one to three or four levels of predarors

(b} Sone important genemalizations have emeged (rom the swady of tie deternminants
and consequences of biological diversity: systems that aec more producidve also wend
to be more diverse; systems thal have grester complexity ae more diverse than
syslems with less structural complexity; systers with o moderate race of distorbance
are more diverse than systems thar are either very rarely distuibed or systems than
experience frequent disturbanecs

(€} The majer ccosystem components share simblar feawres, however, each grouping
contains imany diffcrent kinds of species and ecosystemespecific informadon s
necessary 1w determine policy and management options thar ace appropriate for cach
specific ecosystem In any piven system, certain characeensocs ace bkely to be die
dominant eonsiderpnons for managers and policy wakees

H 1AL Fisheres 1y, [retmel, L coosestom apponch o fisheoes",  feobeic Comdeduer for Heiponndie Triborey A,
MI[J[:-[ 1, 25, n 12 Buolfoee, 5, e wd " ] Dok for |"||1:J.‘:1||"i|1g the; ITHIHI'L'HS W Chegmes of |r|||_H|_—.||:|_'|:| 1 omestad
Ooean hlumipement", FOC Ay aeel Cradrleiory A6, W I2AN Prossier 3, Pans, UNEECC) KOG
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Cuesdons for discussiom

(n)  What unportant gencralizations have emerged from the study of the determinants
and consequences of biolopical diversity?

{bY  What aie the biolagical components of any given ccosysiem?

4. Ecosystem processes and interactions

FEcosystems are more than the individual parts oceurning in a specific place The pares
interact dynamically, including both interactons ameong specics and individuals in an
ecosystem, and the interactions of individuals and populadons with the changing physical
and chemical environment in which they live Tlie healthy linctioning of these ml:encuc:?!s
is essendal o the many services ceosystems provide for buman societies and cconoimics. !
Unfortunately, the interactons are too numercus and too complex to measure aond
understand them all, and account for all of them in management However, the types of
interacdons can be grouped into a small number of ccosystern processes Linderstanding
cCosystem processes provides a basis for mapaging human ﬂcl'iviti{:s;sijn the ecasystem in ways
that do not jeopardize the siructure and funcoon of the ecosystem”

Variews scientfic disciplines smudy and interpret these interactions and processes in
diffeeent ways, depending on how the disciples conduct their work Ecosystem experts may
focus on nutcients and energy Mows, and c\[)hm and model the ecosystem dynamics vsing
phpma] and chemical teoms and eguations.” Alternagvely, they may focus on indimduals
and populanons, and explain and model ecosystem dynamies using Llerms and gqu*ll]ﬂns for
physiclogical processes, life bistonics of plants and animals, and behaviours ™ These mwo
appreaches are non {undamentally different in what they oy to do or n the concepts
underlying ecosystern processes Neither way of Inoking at ceosysuem processes is inberently
more righl or wrong than the other, nor is ong any more useful to management and policy
than the other. Flowever, 2 number of aspects of individual applicatons may aftect how easy
it is to undertake either approach to understanding ccosystem dynamics, and apply the
results wr management and decision-making Accordingly, 1t 15 necessary for managers and
policy malkers to be famibar with both approaches o the problem of cepresenting and
underanding ecosystem processes, and work effectnvely wath informanon peacrared from
each type of appreach

™M Costamea, K, “linking Broadly Ao € osisoamd Senchiz in Soelgdol SMamogenen®, Intgristed Smsvonneats!

alpgeencat el Aagogeencns 2300, pp 1ai-173
s Pikinen, B KD e o, Frewsvsiom-Based ishery blanogeomen®, Seems 203, 2000 o 306207

BE e pericr, 1 UFenlgey dhe Asccmdanr Poespeos™, Colwmbin Lnivcesicy Press, Mew Yok, 1897, Brown, [F el

" Towwand amnciabolic deeory of ccolopey™, Coader 85, 20040, pp 1771-1769

Hr Feren-Abonso, WD oared Yo, "Mllll'i-"pl_'l:m:ﬂ 11"||,:||,||._"||i|'|,; ral oo CONTLCIS uf the manne cnmmuni:}' ol mrthenn

el cemtreal Panyeenwin, Argee o, anoedione Jowresd af Freberrer and. <lgresiic Javrmes 02, 2805, e LI90-1512
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4.1  MNutrient and energetic approaches

As on land, bfe in (he oceans usually beging with the basic process of photosynthesis,
which requires sunlight and basie nutients such as carbon, ncrogen, phosphorus, and many
ather elements and chemical compounds The rates of production of organie earbon, amine
acils, ete by algae {the chemical basis for the whaole ccosysiem) cao be measured dicecdy, or
maodeled fiom information abour the outrient concentratons in the sea, day length and lighe

. . . P
penetation, water teraperatute, and sometitnes other basie features of the ccosystem

In mwnone ccosysiems energy can cer the higher trophic levels thiough two other
patbways One s from the deras (dead owganic matter) on e seafloor and ammonia
produced as waste by Iving orpanisims, which is called regeneration of encrgy/organic
roateriats  This orgarie matter on the seafloor may come from decomposced macter from
aguatie plants and animals that have settled o the seabed, or (rom lnd-based runoff into
coastal areas dany benthic species depend on detdtus as their pomarcy soutce of food, and
some bacteria use anmenia ditectly, providing a second pathwway for organic carbon, enerpy
and nutrient (o be passed inta the ecosystem -

In recent decades, a thied specialized core process for basic producdon i marine
ccosystems has been tound Tooa fow areas, such as bhydrothermal venls on the sides of
tectonically acove undersea spreading ridges, hot, chemically-och, waters are released trom
inside the earth’s crust  In these arcas, a munber of specialized ecosystems have been (ound
(see Box 13} These systems depend on thermo-chemical processes rarther than
photosyathesls as the basic source of energy and nutrients for thelr funcion ™ The Species
in these ecosystems often e unigue, with specialized adaptadons in all wheir physiological
processes Uhese lughly specialized ccosystems that do not depend on the process of
photosynthesis have not, o dus point, been exploited by any major commeccial o1 ardsinal
(isheries However, they are important loeales lor seientific research; theee is substannal
nteeest i bioprospecting in tese ecosystemns; and there may be potendal for eco-rourism
At present it is their aique biodiversity properoes that make these areas mest elevant o
managernent and policy, because Lhere s wide consensus thar these unique ccosystoms

should be disturbed as linle as possible by human actviaes

K Lilamowice, gypna none 336 0B Llillen, sga nowe 193
R Pependee, 1ooand | Reking “Ugchng of bicgeme carlvn in eceans: repalation by Foolowels commel nodes”
Chicaen: Wevgensheomitiry, i e Prargifiper |, 20000, ppe 8586
A Al Chicryio 2l B Ield Wil (ods ), riger e 214
lunmicliffe, ¥, A G AlcArrbnoy sl 12 Whel Lugly, 3 Inugengraphical poerspecive a0 deepesen hydoothermal veor
Eonnia™, et tn Marng Beclory 30, 1998, pp 35342 Van Thewver 01, " Lhe Keolrgy of PheepeSea | Tyl
Wents, Ponecton Lamiversicy Pross, 2000
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Box 13: Hydrotheomal Veut Eeosystems

The discovery of diverse and productve biotic communities arpund deep-ses
hydrothermal vents in the last half of the 2oth Cenluty sas in sharp contrast to the view of
the deep-sea as cald, unproductive, and poor in speeics diversity and biomass. These
syslems were found not to depend on carbon sinking from the sea's wpper surface of
primary productivity, but on micro-crganisms like bacteria thal used chetnosynlhesis
rather than photosynthesis 25 2 basis (or primary prodocgon. There ave at least four
different kinds of micro-organisime that captere neirients and form the basis for deep-sea
food webs, such that there aie many ecological niches in these communtties, aven at the
level of the primary producers and fixers of energy in the biotic system,

Where hydrothermal systems support high prodocton of miere-organisms, large and
diverse cominunities of filter-feeding crganisms have alsc evolved. Some of the species in
these communities are highly specialized species from large and familiar families and
orders of marine organisms, such as many species of tube-warms that e related to the
common polychaste worms of shelf and coastal eommunities, and highly specialized
bivalve moelluses, semetimes with obligatory symbiobs chemo-synthetic hactera housed
in their shells. Bowever the thermal vent species may be adapted not just 1o feeding on the
vent micro-grganisms, but may have evolved woletances to temperatures of 8oo C or mere,
and to concentrations of hydvogen-sulfides and heavy metals so high that they may be
lethal te benthes in coasial waters.

Mobile predators and grazers on the mimc-organisms have alse evolved in many
hydrothermal vent communitics. Some are related to known families and orders of marine
inveriebrates from coastal and shell seas, such as shrimp and isopods

Although some ef the species found in these hvdrothermal vent communities are 1elated
to known shelf and coast species, some a1e phyla, classes and oidels not previously known
to science — or known only from other extieme environments. These unigque higher
classification units underscore the unique biodiversity and community structure of these
deep-sca hydrothermal vent communities. The values of these hiphly spectalized
crganisms te knowledge are only beginning to be explored. Although polentaily the
source of new Mochemical products for human use in health and possibly other fields,
they are alse a rich source of informabon on how marine ecosystems work, how
communities co-evolve, and possilly cven on the onging of life. Hence, theie is prowing
intercst in the scientific and conservalion communifies e ensare that these systems are
effectively protected from all destrucdve human practices, whether targeted at these
communities directly, or only affecting them indirectly

Van Dover, . L., " The Eeology of Deep-Sea Hydrolhermal Vents™, Princelon Bniversily Press, 2000

Jeanthon, C., “Molecular ecology of hydiethermal venl microbial cemmunities”, Kluvier Academic
Fublishers, 2000
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There are other aspects of these processes that are important lor policy and
management. Fiest of all, managainent and policy need 1o be sensidve o major changes in
nutrient levels in ecosysiemns, becavse these may affect the productwity of the endre
ceosystern As described above (sce Section 2}, there are natueal panerns of seasonat change
in nutnents, nter-pnnually, and sometimes on other tme scales Homan acoviges on land
{for example, agricurural run-off) and in the sea {for example, open-pen aguaculluze) may
alsg alter nument levels in the sea, at least on local scales, sometimes by greater amounts
than occur from natral variadon in nutdent levels ™ Beeause phatasynthesis rate 15 also
sensitive 1o light intensity, and under some circumstances, temperature, changes n waier
clanty due to human activides may alfect the rare of these basic ecosystem processes
Pliotosynthesis produces oxygen in the sea, just as plants do on land, whereas 1egenerating
orpanic energy from demats does not In fact, bacter requice pxypen in the process of
decompnsition of biological matter an the seafloo, 5o this process uses oxygen, rather than
produces it. Henee, the balance of encrgy in 4 marine ecosystemn from photosynthesis as
opposed to detnius has many unplications for the rest of the ecosystem that requires oxygeo

4h
as well as eneepy (rom these processes.

Leosystern dynamics generally have adapied o natural vanation inothese feaores on
many ome scales Flowever, management and palicy makers have o be vigilane to adape the
rate and pattern of harvestng of ecosysten components to changing producuvity. Likewdse,
poliey makers and managers need to ramain oware of land-based and manne-hased human
acovines that introduee new chemicals or alter the ppical levels of charactetistic nutrienis
and sediments They should worck o keep levels of introduced nuwaients within historc
ranges of the concentrations of the chemdcals and sediments, and o react o changes
appropdately whin major changes are detected Ie may often be the case thae histore ranges
of nunicnts and chemicals ate poody known, or that syswems have adapred o wates of
nutaent aputs from external {often land based) sources that differ fraom historical rates o
such cases, a more realistc management objectve may be to keep further pertutbations (rom
L'|i.:vﬂling the rates of nutriem input t even more exireme levels, where CONSLUCIITES faar

the ecosystem are unknown

Cioce energy 15 bxed [unnsformu:cf} i ways Lhat the gther ﬂrganisms in the CCOSYSem

cai use If, energele approaches facus on the ather processes that deteemine Ao it is used

2 ¥

J1 Hedges, RO Riel and B Beaner, pgoateone 199 Lolier, A0, o of " Ternestmally deoved sedimene respoase of
waeine maerak nthic Consmunsties mohin terdgenons depoeies”, Maree Foatgr Pragrece Serdes 373, 20H_ pp 121138

A Lempliarcgr, cgond iune 1620 Lewan, 1A and A Alkinsoa, "Oxyeen minimeem aene benchaes: aapeanio sl
conirnmoily regponrc o hyposia®, Oooegrgshy e Aarae Boadzpe swad Fevew -1, 2003, pp 115 BA el Chnrgoe ol
2] TP Wil (el ), sapne nuece 2041
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One such key process 15 called transport. Oceans are dynamic, and the algac and bacrena
respronsible for photosymbesis and repenecadon are so small thar wind and srorm-induced
rurbulence, bdes, and currents, on many scafes, may transport them preat distances These
same physical processes can be responsible for the processes of concentration or dispersal
and retentden of the production These physical processes in the sea have major
implicagons for determining sdere 1o the sen there will be reladvely dense or sparse
. . ' ' . . . . . 144
concentrations ol all animals and reladvely rich or hmited iodieersiy.

Madels of the physical oceanography for many mavine areas have been developed, en
scales from local coastal embayments to full occan basins Where there 15 suthcient
information 3 model ocean physics (that §s, Just the movemnent of water described by its
characteristic temperature, salinity, et} these models often are very effective at ¢xpluning
the movements, concenuations and dispersions of the basic organic producton of the

kL H
coosystem as well.

Manapers and policy makers rarely attempt to manage ocean transport and concentragon
processes, pardculady on scales above a few hundreds of meters However, intormation on
these processes 1s essental for effecove spanal managemene of human acovitics in the sea.
This information makes a (undamental contribution both o knowing where to achicve the
greaiest hiodiversity benefits from protection of a given amount of acea, and o knowing
where to focus human actovites o obtun the greatest sustunable benehits from the

ecosystern wath the least cost, effort, and minimal “feotpan’ on the ecosystemns

In an energencs framework, once arganic energy is produced through plhintosynthesis or
rejrenerztion of nuudenls, it is passed to the rest of the ecosystern theough the processes of
grazing and consumption *The rate and magnitude of these processes are fundamental
o the ceosystem structuee and functon, and the sustaimable uscs that can be made of the
r_'cﬂs];slum.m The processes have o magor tole in determiniog how mneh biomass ean exiseat
the bugher traphic levels 0 the consystem, the rares at which hiomass and energy nogurally
“turn over” in ihe ceosystern, and the rates at which human wses can sustinably remove

hiomass or LOCDY frxm the ecosystem

HEA Bakun, st e 176

k) .. , . . . - . . . .

i Agmoating, VR and A Baken, Lo iAads i oadhe Mediteroncm S physical mecanizese penennally sicociinng
peprocdnctive  halien  swieslaline (wils  csample applicisos o Fuepoin sy Bapraedic engrsicedusy”,
Fovfroster Cheenemprgedy 11, 2002, pp 1 20-142
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The other key process mvoled o the moverment of energy and binnnss in these
encrgetcs approaches s the ecolagical efficiency with which eoerpy is used within each
3 - . - .
level  Animals eequire eneegy to live, so oo all of the enerey they cansume from their prey
15 mvatlable to ather consumers that eat them, or w0 decomposers that will recyele their
nutnients whien l:]'l(:}’ have c:{pi:.{:d and setled te the sea Mo “Uhe process of respiration s
usuml'i}r Lyepw r;nmgrctics eXperts account tor Lhe encrgy used by r:}rg:!nisrns T p{;[&:rm[ng their

owo fc lustory funcbons, and thos oot avalable 10 other consumers The difference

R Mo, rigprer w2500 11 Bleoven of o wipes e 236
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bepwcen the energEy taken in thmugh gmzing or consumption and lost ll‘lrr_‘rugh rcsp:i_mli{m is
captured by the process of growth, which in encrgetics models imay be cither groweh of the

populagen ar of the size of the individuals.

Seicnusts have devoted sigmificant effort to developing medcls of these processes, and
determining the key factors thar affect the rate av which these processes proceed One key
consideradon is the relatve densines of the comswmer and of the orpanizms they are
consurning {bolh a grazer consuming alpae or some lugher predaior conzuming some prey)
This relative abundance matters on the spadal scale and deternunes the rate of producovity
and availability of food supply (prev) for the consumer (predator) This seale can be on small
scales  (centimeters) for prazers on phytoplankton, as well as lager seales of the
concentaton and retention mechandsins in the sea This seale ean be very large (hundreds w

) . 1l
thousands of kilpmeters) when the consumers ame !urgc and hlghlj' mabile

It rhe density of the tood supply is so low that consumers have irouble mecung their
basic necds for respiranon, then the system is food-limited or conuolled from the “bottom-
up” 1f the dessity of consumers s 5o Jow that they cannot eac the biomass of thelr food
supply as fast as 1 15 produced, then dhe dynamics of system are considered to be doven

. -1
izom the “top-down”

Processes like consumpton, respiraton and growth arc iaterconnected and occur at
varying ecological rates Flowever, these rates are affected by more than just the densites of
the eonsumer and the food supply These rates are affected by the size of the organisms,
with smaller organisms losing propordenately more encrgy to respieation than large ones,

(i ¢ being less “ccologically cfficicnt™) *

These ccological processes have many implicanons for manngers and policy makers
T";-'In:mgt:m{:n[ and policy nced o be rcsponsivc i matural variabdons in space and on me

scales from diurnal o decadal, with regard w changing reladve abundances of comsumers

" ovhacider, 1D, UQuanoaove feokope Spaisl oand  Temposd Sesbing”, Academic Press, 14,

Fultess, 154 4 LEA Siirh el £ [l Rorealing zub pecdaaom wecospsmem nnalels o soapueians T thesy are
exprossele™, Fosdsnd Usaofiep 169, 2H, ppe 157174

' Thee HHO, papnr note T2 Moo, 431 amd 5 MeXinnell, “loiceplay Trerwven sgedosen, Doy ag, andd wospewss
cxrtrad in amanne coosyarens”, Pregen e Queaespraedy G8, 2000, pp 115-124

W ven Benalanffy, |, Cuambcdive s i metabolisme ind growih”, Shortesy Barer of Braegr 32, 1957, pp 217-231;
de Hawnz, AR, D Persmon and 1o dicCaaley, "Uhe safoesce of sic-depondonr ife bistory i oo alus stoocire and
ynamies of popalations aml comrmoines™, fusd Lo 6, 2003, pp 473187
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and ther food Management and policy need to ensure human activivies do oot gready
alter these ratios of consumers and their food supply in cither direcdion The consequences
of switching systems frown being driven from the wop-down to the hottom-up can be very
difficult to reverse Manugers and policy makers need o take o account the
composioon of the belegieal comuruniry that they are managing Any hunan acuvity that
greatly increases the moretality e o the ecosystem, incloding buc not exclustvely
haivesting, usually results in a higher propotdon of small organisms in the ecosystem
Anutoals need mine o grow and with higher monality rates i is hacden o bive long, with
rao conscquences. Short-lived species that nuatuee 20 small sizes beeorme more cominon
than long-lived animals that grow te larger sizes before matring  In addidon, the
populations of long-tived animals become comprised of a higher proporian of small and
immatieee indvduaals, as few suivive o matury The increase in proportdon of small
orpanisms e the oceans will, all other things beng equal, mean that moe of the
produclion will be lost theough respiranon, and less will be available for wse by other

D1gm1isms 1 the BCOSY LT arwd Iy humans mk'mg beqefits from the marne CCOsysem

4.2 Iadivideal and population-based approaches

When considecing primary productivity, the organisim and community-focused approach
is similar to the energetics-based approach. In both approaches, it is ougnient Jevels, anl
phvsical and chunteal oceanoprephic conditons, that dove che dynamic changes 1n
producivity The mapor distincton in the models 15 likely to be calculagons of density of
plankien, or theie abundance, eather than simply grams of carbon or some other chemical
These models also somenmes draw distincdon among differcnt trpes of plankton, such as
diztoins (plankton with silicon skeleroas thar sink when they dic) and dino-flagellaws

. . . . 343
{plankicn with no hard shell, and someomes some mobility (o the warer column)
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The management and policy considerations also are simular 10 the rvo approaches. One
issue of growing importance n this type of appreach iz the relative abundance of ditoms
and dino-Magellaes in the production These wypes of phytoplinkton may have different
fates in the food web, and different rales in how climate vartation and climace change may
affeet and be af{ected by the peean

The physical pceanographic processes of transport, reteniion, concentration, and

dispersion recetve similar consideration i bath approaches as well The mmplicatnons lor
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rmanagement and poliey, in terms of responsiveness 1o natral changes and in enms of
place-liased approaches to managerent, are much the same

The major ditfeience benwveen the approaches s found in how the larger organdzms in
the ecosysten are studied, understood, explained, and managed Grazing is connmanly used
it referning to zonplankion feeding on phytoplankton  However, fecding processes among
the zooplankton, larger brvertebrates, [ish, and higher madoe vertebrates are expressed as
predator-prey interactions or predation These can be smdied and medeled on scales from
the predatary behaviowr of wdmidual orpamsms o dynamic hakages benveen the blomass
or abundance of lage funcnenal groups, sudh as “zooplankion”, “forage species” and “rop
predators™  Inoall cases, however, the models arterapt to link the status of the predator o

. =3
the status of the prey, and wee eorter

Whereas predadon is the pathway that allows indviduals or populadons o gain energy,
within cach ndividual, populaon, o woplic category, other hife history processes are also
considered as part of ceosystemn dynamies These incude explichn representadon of he

PIDCESEEE F,If:
o somatic growth: increases o body size;
o respiration: the encrgy needed to live and move;

o maturation: at least o sexual maluehty, and sometimes passage across mulople

irnrrature ife histooy stages;
o reproduction: producing epis or younyr
2 recruittnent: receiving new inglividuals to the popalagon; and

=  patural wmorntality: death from non-human couses, o, when predadon mortabiy is
csimated ditectly, death [romn causes other than being eatenn or killed by human
Acviles

Ty addinon, in mulnspecies setongs, addinonal processes become umportant, such as:

+ compeltitiotn: Lhe bmpaet that the presence of other speeies has on the resources

available to one species; and

+  habitat selection: the ability of an individual or popuatbon o find places where the

resources necded for the oiher e history processes will be availalile

ST ollowed, AT erad e muliipeoie: merdcls an improsvemem one single species models for mesuingg Gehing
mpaces oo madne coosystems?, MO fouemet of Alene Sobone 37, 20060, ppy 207719 Savifansson, O Stuln-speoies and
woosparem meulels oo meement comdest, v & Saebar and G Valdinarssen fede ), “Hesponsilibe Fahenics me the
flarine Foospstom® FACY 2005, pr 1001188 B A Fuban, A LDAD Smach and C0 ] Jolwson, s iose 240
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Approaches to modeling and understanding ecosystem dynamics do not always explicitly
include consideraton of alf of 1hese processes Minimally, there should be representations
of rrowth, reproduction, and monality in 2 single-specics population model, and predadion
in multi-species and ecosystemn models Models can be very simiple or very complex, but
vsually include density-dependent relatonships 1o at least onc process: possibly the
relationships between predatoes and their prey, the foraging behaviour of  individual
predators, the praduction of progeny by adults, or in several of those places at onee * The
cffects of changing the state of the physical and chemical envilonment can also be
represented by linking emviromimental features dircely 1o the life lustory processes that the
eovitonment is considered to alleet ™ For exarmple, growth rates of individuals or
populagons can be Unked directly (o water temperature, maturadon rate to the availabilioy of

frod, and moriality rates to the quality of the habitat

These mndnidual and populaton-based approaches look attractve to many managers and
policy makers, becavse they can represent exactly the: parts of the ecosystem that are being
used (for example, when laevesting a population that is also o key tood supply), or being
altered by a lnwnan acowvity {for example, coastal development thae affects the qualiey of
habitar for fish) However, the more detail that is desired in an ecosystern madel for support

of management or policy, the more that has w be known about the system being madeled

Thiz link between the information desiced for management, the complexity necessary {or
the crosystem representafen (as a concephual or computer model}, and the inlormaten
needed on the systemn being managed, has major implications for momtonng, as dhscussed
below, Tt also bas major implicatons {for modeling as well These is a growing wendency 1o
zock models that are not “data — hungry™ This can be amempted through apprepating
groups of species or populanons thar are thought ro act the same way, and that respond the
smme way [0 changes in the physical or chemical environmene Tnothis case, it s only

necessary to specify the dynamic behaviour of the aggrepate; and not all ins picees

Sueh simp]iﬁcn[iﬂns are nlways HeCessAry when knmvl::dgc is bcing used o SUPRRTE
policy and management Flowever, those daing the work and those using the results shauld

always keep in mind that 1he products can be made o look much mere “soennfically nch™

) Blbor, B oand £.] Sliees, "Cuanutive feheres stock assessment dhcice, thrnamics sod encoresnne', U haqeman and
ERall, e Yootk 1993 UF £z, gnapees oo 108 O Srcifanmsgon, Sl

T Scheum, ¢ Aleksieva and 2 S Jobn, “Tevelopoaens of & coopled pysical-liohaieal scosys e mamled BODTEMO
P 10 Mewdcl dl._'.'ili;l‘ij}rim'l arwl walickarien Fsre ahee Mok Sio™, j:.':ru'n" |?,I' e !!_;J'.fr.rm a1, 2005, g TOME s alsiw
hinsd fwvow venfom noaa gov
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than they reaily are I the groupings of “like species’ 1n these ecosystem models are large, it
will not be true that all the species in the grouping will respond the same way to changes in
their food supply, the abundance of their predators, and their physical envirentnent
rdoreovet, ofien the linkages berween the species or groups in these ccosystemn models are
based on relatively litde study, or study under a narrower range of condidens than the range
of condidons under wiich they will be used In these cirownstances, the support provided
to policy and managenent by these coosystem studies and models may be uneeliable, cven

though the outputs losk sciendfically impressive

There me several unportant umplicadons tor management in this respeet Fist of all,
managers and policy experts can get all the support from these types of models that they can
get fronn enerpetics-based models Somedmes the questons must be asked in different ways,
b both paths can eventually lead ro the necessary support The choice of wilicl approach
to take may be partly a matter of tste or availabiliey of expertse However, the prefersed
choice also weflecrs to some extent what 15 being managed [f the huiman acovities being
managed are expected o have major impacls on outdent fevels, water clanty, o loeal
physical inixing or trbulence (for cupmple, land-based run-off, causeways, harbour
developments) then encrgenc approaches addiess these consideratons directly When the
actvities being managed affea populaions direcdy (for cxample, barvesong increasing
mortality, or acowvites preventing easy access to places impottant for some life lustory
activities) then populaton and cormnuonity-based approaches may be the more useful
Likewise, when clicats of management ot policy are particularly interested in biodiveesiny or
spectfic populatons, approaches which focus on populadons and comununities ofien
(acdiate dialogue

A greay deal of data and kpowledpe of an ccosystem s needed 1f complete populanon
and comwnuain models are 1o be developed in suppornt of masagement and  policy

funciions {see Secoon 5 below), and on some of the consequences of major hwran

petrurbanons to these systams  Simple models can use geoeeal knowledge of animal lite

histories matched o the most general patterns of major community propernes, to ciploe
a8

, 25T
mmmgcment scenarios and SYSLEIT MES]I0NS0E

Peehaps more impeonanty, populagon and commumin-based support for policy and
management can also make exwensive use of cornmunity and traditional knowledge

1

because esiderns of coastal arcas and osers of maringe rosowuces are likely 1o r.:xpurit:ncr.:

o - . . . .
Mo, 6, o o, "hbodfclleg an cxplinied manne fish comimuonicoe witk 13 pammerers — resohs oo o gharnzingly

sionple siwe-based mewlel™, fAOIES fourmanl ol Alunne $ircnee 63, 20006, pp 100291044
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- . .- i .
those systems through the status of ther populasons and commumities. This knowledge

can b especially bnportant because, as mendoned earlicr, very often when seience experts

are asked o dt:‘rclop dymamic concepnmal or Compuicr models for a populution ar

community, they have relaovely httle dara with wluch to determine how reladenships should

be represented in the models Even when they lave such data, the management ar pobey

question may ask how the ccosystem would respond under condioons, quite different from

those where and when the data were collected In these eases, experiental knowledge may be

imaluable in helptng 1o provide useful l:r[:rct:ssvhnﬁcd insighls Intey how the consystem would

respond to the management or policy optons that are being considered.

Sunvnary of ko ideas

(a}

(1)

Lcosystems are mmare than the mdmdueal parts occurring in a specific place The
parts inieract dynarmcally, including both interactions among spectes and individuals
i an ccosystam, and the mteracnons of mndmiduals and populadons with the
changing physical and chemical environment in which they live The healthy
functioning of these Interactons Is essental 1o the many scryvices ceosystems provide
for buman societies and economies

The types of intecactons in an ccosystam can be grouped inte a small number of
ccosystem processes Undersunding these processes provides a basis for managing
burman activides in the ceosystemn in ways that de not jeopardize the strocrure and

Tuncrion of the CEasysiem

Lensystem exprets may focus oo suldents and eocrgy flows, and explain and modei
the ccosystem dypamics wsing physien] and  chemieal terins and  equabions
Altecnatvely, they may locos en individuals and populatdons, and explain and model
ccosystemn dynamies using ienms ond equanons for physiclogical processes, lhife
lstorics of plants and animals, and hehsviours

Eoological processes have many implications for managers and pohcy makers
Management and policy need to be responsive to oaltueal vatiations in space and on
tme seales from dinmmal to decadal, with repacd to changing reladve abundances of
consumers and their food Managoment nnd policy need to ensure human activides
dio not greatly alter these rados of consumers and thelr food sopply in either
direction Manapers snd policy makers need to take 1am account the composition of

the olagical cormmumty that they are managing

N

Borkes, I, | Cnbliog aed L Pk, “Redegorvery of imliional coolegical knowlodes as adaptve managemnens”,

Emfogia! lpednaeGer 10, 200, pp 12511262 irey, T3 (ol ) Parteipaimen in Fishenos Soveroanee™, Khinior- Sprnger, 20085
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Crucsuims Lo discussion

(a)  Whar are the differences between the nutrdent and encrpede and the individual and
populaton-based approaches to explaining ceosystem dynamics?

() WWhar are the respecave advantages and disadvantages of these two approaches?

5. Crivecal functions

Every place and species inan ccosyslem has some role in ecosystem soucnne and funcoon,
every place and spectes 1 the system may mnake some conuibudon, direcdy or indirecdy, to
the goods and secvices enjoyed from madne ceasyswems The preceding sections have
explained why cach major ccosysian component and process wmeay be bnporiant Lo
management and poliey However, given the hoge oumnber of components and processes
{all the species and all their linkages) in an ccosystem, it is impossible for managers and
policy makers 1w constder them all in each action that they mke Sostainable vze is
fundamentally about choices, and in an ecosysiem approach, some of the choices are abow

wlicl ceosystem components o treak as p[ir}ril.‘j{.:s

From the iological and ccologieal perspective, those choices should be liased on which
components and wiuch processes are offial 1o repulanng ecosystern structure andd
Function = Fven thoupgh all species and all places may make some copmmbunon 1w
maunguning gcoststent structure and funcoon, ther conmibutons are not equal. Rather,
usually only a few of the species and puocesses Ina complex ecosystem determune the 1ate at
which systemn dynamics and species interacions ocewr in the ecosystem These species are
considered to tegulate the cutcal functcns in the sysem

A process oo species i considered to “regulate™ ecosystem stacne and Eunetion if
the mate at which the processes occur in the ccosysiom, or the well-being and produciviry of
the populations 1u 1t, me suongly influenced by the specilic process o species " “Strongly
influenced”, i turn, does not mean that every change inothe status ol the species or process
that “regulates™ sysiern dynamucs s matched by changes in many other paris of the
ccosystem Flowever, it does mean that effects of any major alterations (o the regularory
specics or process can be espected o spread o many other species or processes, w
gxpand widely n space — often beyond the site where the alteration was caused, and w

a1

[rersist in time

L T - N . .
Bice, |47, o o, "Linidimee one the apphcation of the coosvstem appraach o mansgemon of horman aeates in the

Parapean i ne envicmment™, TS Coagermee Reesands Regrarg 215, 20605 . 22
oy Cousling, s noee 198; A B | Tollowed o of, sghm were 234
B Nnlels, 1L M st g preckaiers be enlled For the sale of Bshenies, Fread m Sl e Erofrga 16, 2001, |2 78-54
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Heonw can these eddeal hunctions be identified in any single case? Unforrunately, there is
ey recipe bool that ensures that the critical funcnons in any system can be rdenofied readily
Monctheless, there are a number of gquestons wluch managers and pelicy makers can pose
to theic advisees on censystern approaches, and use as a basis for discussion with these
considered to have expenenoal knowledge of the ecosystern The answers to the questons
and the inclusive dialegne can often help w identify the crideal funedons in any systeimn

o Arc there major physical or chemical drivers that are koown w vary greatly
seasonally or among vears, which affect the producavity and species compoesiton of
the eeosystem? Examples would include strong upwelling areas, areas dominated by
strong tdes, or areas where Ll Nino may produce strong changes in water temperature
In these cases pdmany productiviy and wmperature sensitiviy of growth and

maturation may be enncal ecosystem funcoons

¢ Is the structural complexity of the seafloor and benthic community important for
habital selection and prowection from predadon by fish and invenchrates? Examples
would nclude slope cdges, seamaunts or coral reefs In such cases habatat selection,
predaden, and recruitment of the species lving in assocladon with the structural

hatsitar fearores may have crizeal ccosystem funcnons

e Is the svstem often charactenized as having surplus nuteients and/or low oxygen
levels? Iixamples would include arcas thar frequently experience eutroplucabon 76 so,
productvity and tespiration are hlzely to have critical functions 1a those systems
Age there particular species of prey that, when abundaot, are the major food supply
for many different predators in the ecosystem? Examples could be eapelin in notthern
Botreal systems, or copepods o euphasiids in many mid-latdude systems 15 so, then
predation is a cridcal funcdon and the ecosystem is hikely o be regulared from the
“bottom up”, parbcularly if recruitment to the key feed species 15 strongly affected by

waler empernbure, salinity, ele

*  Arg there particolar specics of predator thar, when abundant, wmeve majar
fractions of the prey Basze? An example is the reduction i peey around breeding siees
for coloninl seabirds TF so, predation is a cninical functon in the ecosystem and the
ecosystemn 15 likely 1o be regulated (tom che “top-down™, parteolady if the wp

|:rr1:drlmrﬁ are |0ng—|'lvn:_'d in c:)m[mriﬁﬂn 3 the newmal lifespran b their prey

There are two addiional key considerations regarding cridesl functions and food-weh
relzionships  Diest, o even a moderarely species-nch ccosystem, there are o very large
owmber of conncctions berween cach species of prey and all the species that may arey oo,

and berween each predator and all the specics on which it may prey Hence, foodwebs of
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adequatcly sodicd manne ecosystems ate always a tangle of linkages that are too arer-
connected to be readily amenable to measuroment ™ Many studies have shown that the
complexity of lnkages 15 important to mantaning many highet-crders but vital ecosystem
functons, such as resilience 1o stress and recovery from perturbations *"These numerous
linkages can be parteolady fmporant when they are pardy “compartnenalized”; thal is
parddoned in space in the lagper ecosysiem, such as leving many inemetions amoeng the
benthic species as predators and prey, and ownerous interactons among pelagic predators
and  prey, but companadvely  {fow  lnkages between  these “companimens”  of  the
ceosyslermn ' A small subser of all (hese linkagres are ofien the ones which donminate the fow
ol biomass and energy through the ecosvstemn, and regulate the dynamie properties of the
ecosystern That does not make these strong linkages casy w0 identdfy withow a lot of

. . . . S .
infermation, but it makes them very imporiant 1o consider in management and paliey.

Second, even when no single species of predator may regulate ecosystemn swuctare and
funetion from the top down, it is possible that top-down predation pressure 1s sabl a crincal
funcdon in the ecosystem. These circumstances can arise because predation in the sea is very
oiten size-based mnore than il is species-based. For example, in a given area the dicts of two
lurpe demersal species — perhaps two species of flartish — of the same length may be much
maore similar (o each other, than the diets of 10 cm and 70 cm fAsh watkin cither species
This size-based view of predation 15 arnacting substanpal attenbon because Hshosize s
ridadvely readily monitored in the sea and in catehes, size-based models eaplure many
unpotrtant ccosystern dynarmics at least as well as species-based models, and reasonable
puklinge o management aod policy can ofteo flow s readily from size-based coological

. . . leh
studics as [rom species-based studies

Once they bave been identified, these cdbieal fusedons have n nwmber of roles in

NanagCrmen I:

 Yowkms, P, ood wels and prctorlation eipemments ey aod poctee™, o GG Toli and KO Winemiller §eds ),
1 ennd wrcbes mocprticn of pacerng and dyosmics”, Chapman and Hall, 1996, pp 192-3H4

0nl . . . e . . - -
" lbpokus, I, e @d URMulnple interception pilrvays for esoarce wdlzation and mceased ceospstem pesificnce

Ihleolesdspere 355, 2005, pp 133-148

T bl o, K5, B Rasmussen and | Umbanlwswar, D he denamics of spabslly cowpled fosd webis, Besdsop Lastens 8,
2005 pp 813523

2 Hedow, 1), ool L daneer Frdnge variieion dnoehe siengahs of speoics suenicoons", Easdgy 30, 1990, pp 2206-2334;
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pp 3E5-00E
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First of all, managers and policy makers should consider if the cogeal ccosystem
functons are already altered substannally, relagve to what 15 known of their histotic states
If so, the system may already be highly steessed and this has o implications for pelicy and

m anﬂgcm{_' nt

o The system may not be able o absorb sulstannal addinonal pressure to these crneal
funcnons, wathout consequences that are serious and difficult to reverse

o It may be unwise 1o consider current conditions as a baseline smie from which o
judge the effeciveness of managemnent and policy acoons

It critical funcdons are alecady stressed to some oxient in an ccosystem, it may not be
co-evolved to function well in it its present swate * Rather, the current structure and
function of the ecosystem may be in wansiton o adapt o the teceor siresses, and no
amaunt of Management can mantun 1t i & anslent state Unfortunacely, ooly in very
knowledge-rich areas can it be possible 1w reconstruct what less stressed, and possibly more
susiainable, states the ccosystem may have been in hstoneally, and even more rarely can
predicoons be made abont the strueroral and funcdonal properdes the system will have
when the transient changes have passed through the linkages These condinons make wise

management very challenging

IF the crideal funcicns of the ecosystem do oo currently seem siressed, managers andd

policy makers can address two boportant consideratons:

e [For an aclvity being managed, which crpcal funcdons will the acovity affect most
dircctly and to what extent  ldenufring those cribcal points of interacton between
human activides and critical ecosystern funcions can help idenify risks associared
with the actvity by allowing the best asscssmenis possible with the informaton
avlable of the potenual direct and indirect ecosystemn consequences of an activiey
Identifving the cntcal poins alse helps to focus monifonng on the ccosystem
properbes most hkely to reflect any impacts that the activity may be having on the
ecosystem and Lhe activiny procceds "

¢ lor the actuviy being managed comsider if diffecemt opuons perlurh the crivcal

. Ll L - . -
funclions by lesser or greater amnounts The goal is o seek option: which allow the

Zut Jackzcun, JRE., e of “Hhswoncal overfshing and the recenn collapee of coosad congyaems”, Same 293, 261,
op 02U 63

_:“ niills, 1o, AL Sowle and D0 Dwak, " The keystoeneaepecics Ceiss [ w covlogy il conrervateun®, Brofaresee <3,
1993, ppe 209-2235 ITellermam, 5 ol ), 'y [ landbook for desanng the Propress snd Owecomies of Teeprared Dol o
Ceean danagement’, JOC Mtengds sed Coardedues A0, [CA5] Dosgier 2, URESCCY P, 290006

awr damclucy, Koand UL Somaily, “lecorporating coesystome abjeetives amo enanagremacnn of soinable g
fizhenics, chadiog oo praciice” sclenemee peams wd e of oerue protegred arcs™, me A SiocTare ol 03 Valdimarszine
feals ), URedpanalabe Bishees in vthe Manoe Eoesrston™, BACL 2003, pp 313-362
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desired social and economic benefis of the acovity to be obtained, bt cnsure thal

catcal crosystem functons do not suffer harm that s senous or difAcul to reverse

A final poi on crtical ecosystem [uncbons and ecosystern disturbances by barman
activities needs mentipn Human spesses can alter ccosysiem components or processes to
the pownt where new featutes become “cribcal funcoons” It the consequences of human
pressures make sometbing become consistendy in short supply (or oeeasionally abnormally
abundant) in the ecosystom, the avadabilier of that component or rate of that process may
regulate the dynamucs of a ruch lmger part of the ccosystern For example, excessive
outtient endelinent of a coastal area may lead o increased accumulation of decomposing
algac and plankton on the seafloot Fhe oxygen used 1n the decompositon may leave the
deep waters depleted of oxygen (or long pedads, with sedously deuimental consequences
for the reproduciian of many fsh and larger inveocbiates Oxypen concenualion evenwally
becomes a mopetty that regulates the system dynamucs, although prior to the nutaent
enrclhment oxygen levels were almost abwiys sufficient, and other factors regulated sysiem
dynarucs Thus, although cven natuaily funcooning ecosystems often have cnocal functons
whicly regulare their dynamies, unzusiainable buman uses can aceenuate how critieal those

funcuons are, br may ceeate new critical [uncbons

Sty oaf kew ieleax

fa) Given the huge number of components and processes inoan ccosystem, QL s
inpossible for managers and policy makers to consider themn all in cach acoon that
they ke Sustainable use s fundamentally abow cheices, and in an ceosystemn
approach, some of the choices ane ahour which coosystem componenis 1o teat as
prionogs

(b} From the bivlogical and ccological perspective, management choices should be based
on which components and whiclh processes are critical to regulatng ccosyswem
struchue and funcoon Usually only a few of the species and processes inoa complex
ccosystem determing the rate ot which system dypamics and specics interacnans
occur 1 the ecosystemn These specles are considered o regulate the critieal funcdens
in the system

ey dhere iz no recipe ook that ensurecs that the crucal funcdons In any systamn can be
idendfied readily Monctheless, there are onber of questions that managers and
policy makers can pose (o advisors on ccosystem approaches, and use as a bass for

discussion with those considered o have expeendal knowledge of the ccosysiem
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fd) Human stresses can alter coosystem components or processes to the point where
new leatures become cridcal functions [F the consequences of human pressures
make something become consisiendy in shore supply, or oceastonally abnormally
abundant, 10 the ccosystemy, the avadability of that component or mie of that
pracess may regulate the dynamics of a much larger part of the ecosystem

Cuestians Lor discussion

(a)  Whar arc some of the questons that can be used 1o identify the crideal functions in
any given ccosystem?

() What roles do crical functions play in managerment?

6. Lcosystemn health

Despite the pervasiveness ol its use, the concepr of “coosystem health” is no casier o
define in concrete and practical ways than is the concept of an “ecosystem approach™ loa
geoeral sense the concept is straightforward The health of the ecosystem is the agprepate
consequence of all the ccosysteo components and processes Being within wheir histoncal
ranges of namural vanabon, and all cnocal funcoons not being discupted by either human o
environmental stress Interpreted this way, the concepr of ccosystem health makes rao
important contnbuizons 1o an ecosystem approach

Fist, 1t focuscs attentan o the inherent natural vadability of ceosystemns, and the lomits
ter that vanabiity In human health there is no single height or weight that is considered
“normal™. Nonctheless there are relaondipn between height and weight thar are considered
“normal™ For any given height, there is a range of weights that are cansidered “heatthy™ and
there are weights that are considered “rehicalihy™ ~ either 1o low or rvo high Mareover, for
any given indiwidual there is a weight that is characterisoe, bur that weight changes at least
shghtdy on daily, monthly, and seasonal cycles Seme other common features of human
health can vacy even raore within healthy individuals Pulse rate, for example, varies gready
with level of activity, and bt ¢ considered “gond health” both o have it reduce substandally
during perieds of rest, and be elevared regularly by planned exercise  Monetheless, pulse raw
is often one of 1he first things checked in emergency medicine to see i it lies ourside the
normal rnge of varaton

e Costanzay, &, "Hewvands am sporational definsion of coosvsigm heal e, B Aleeting Mesober 711 OG0B0, 4405 N
Armuoal Al Wislungion, 0. T 19 [ 197

™ Dewarr, P, 30 Andueon sl 515 el Agseasing amad mroniverivg ceulogical communiry heald in manne
EREMATET, E-v-ﬁg-"-'r:-" Al 15, 2005, ppo J42-933 Pannes, ] oand S0 Daonizon, “Chuanofinge and 15valiinge
[eerty stem ekl A Case Soodly frnme klivcoon Fay, Ausooabia®, Enwmr.wz.u.r.-r."M...'lr.u.g_r:w.-r.wnr e 2HE, pp 757771
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These ideals have vseful analogies in applying the concept of “ecosystan health™ Fiest
of all, ccosystemn health, ke human health, 5 an ntcgraove concept — 1t reflects some
overall starus and resilience of 1the whole system, nort any specific part of it " There is no
globally “vght” productvity for an ecosystem, nor a “right” biodiversity, degree of top-
down ot bottorm-up connol, or eovitenmental forang Nonetheless, the many strucnaral and
functional features of an ceosysiem are inter-relned, and with 2 modest anounr of
mformaton about some of them, reasonable expectanons can be developed for athers To
the extent that the staws of the key structural and funcoonal properbes af 2 given
ceosystemn can be assessed ar 2 given ame, there is no expeceation that i has 10 be ke in
exacty that state to be “healthy™ Moreover, difterent ecosystems can be expected o vary by

diffeeem ameunts, within their anges of “healthy” smos AL the same dine, bevond the
natural vadanen charcteosoe of a given system, there are states that it could be driven o
by pressures from natural ferces o human uses which would not be considered “healehy™.
Herw far these “unhealthy™ states deviate from the ®normal” condidon in strueruial or
functenal propertes 1s also a case-specific property of ccosystems, although i is eelated 1o
the intrnsic amount of vanation charictedste of a system Pethaps the most important
analogies between the concepis of coosystern health and human health ace to the “diagnosis”
of health  Maiotning pood health requires repular check-ups {(assessments), sound
“lifestyles” (sustainabile oses), and above all a willingness o take acdon when there are
indicabons that the system s moving towards an unhealthy state, not waiang unal the padent
(ceosystan) is in erdeal eondiion before mking ranedial acdons

I'tus concepr of rthe assessment or “diagnosis” of ccosystem heatth beings in the second
centrtbuton that the concept makes to an ecosystemn approach to policy and management
Although 1 complete assessment of a padent i needed o be reladvely certain that every
aspect of the patient’s mwental and physical health 15 good, such assessments are cosuy and
usteadly vnnecessary Rather, routine check-ups are cecommended where a sulte of ndicators
of health are assessed. These indicatores should be reladvely easy and costeffective 1o
measure Lhe indicators are compated to standards for a comrse evaluagon of whether each
indicator is within the nateal range of vanation of the population and, where possible, the
indnndual standaeds are cabibrared in advance to the specibe pabent Tts important tae the
assessment indicators should reliably indicate if and whcee more complex and costly follow-

. =
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It is abso imporant that when {ollow-up actions appear warranted based on the coarse
assessiment actions are already 1aken on the sk thar appears 1o he present [t is not a
coincidenee that the appliction of precamion (see Module TV, Scetion 6) is a shared concept
in protecing human health and ecasystem health The most costly and invasive health
measures may only be taken when the more detaled results are nvadable. Howeever, acdons
are recommended to ceasc at least the uphenlthy pracuces as an interim measvre, rather than
aaaiting 1 high level of certaiory about potental harm before orying o improve healds
These arc all rounne pracoces of good health caee for populabons, and ey are pood
prachces to mantain eoosystam “health™ as well &

Swmmary of & Cy ideas

{z} The health of the ccosystem 15 the aggregate conscquence of all the ceosystem

components and processes being within their histerical rnges of napual vanadon
and all crdcal funcions not being disrupted by cither human or environmental stress

{Ib}  Ecosystemn health i3 an integrabve concept It reflecrs some overall smamus and
risilience of the whole system, not any specific part of it

{c}  There is no globally “nght” productivity for an ecosystem, nor a “right’” biadiversiny,
degree of wp-down or bottom-up control, or envivonmental forcng Monectheless
the many strucrucal and funcaonal feanmes of an ccosystem are inter-related, and
with a modest amounl of informaden about some of them, reasonable expeceanons
can b developed for others

7. Ecosystem integnty

Ecosystem integrity is another abstract and gencral concepe, but is imporant o an
ecosystemn approach 7 As the concept of ccosystem heatth applies to an aggregate state of
the compenents and processes, ecosystem inlegrity applies 1o feamres thar the scosystem
itzelf has when it iz in a healtly state

.“J l?.i_]"ll"i’.‘ﬂ'.-" -h:'!.l'."la'-:"!l'l.l.'
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When ecosystems are healthy they show resilience w disturbanees  FFar cxample, suppose

an eovitenmental or human pressare E]'Iﬂl'lgli‘-d ROIMIC Cﬂﬂ'lpDﬂCﬂlS or Procosses in an
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ecosystem, such as increased mortallty on 1 key predator (over-harvestiog) or changed rates
of nuwient wnput to a system (land-based polluton), if the resilieoce of the ecosystem 1s
imact, when the pressure is released, the ecosysterm tends to e 1o the direcbon from
which it was perturbed Tt may not remurn o exadly the state that it was in previously, bt
major perrurbatdons are corected to more npical states B restience 15 lost, peourbadons
may actually be amplified rather than baffered a3 they spread in tme or space, o1 to linked
components and processes

Resihence 1s a concept that can be applicd 1o sooal and cconomic systems that use
ecosystems, as well as the ecosystemns themselves Y the resilience of marine ecosystems 1s
dirminizshed through unsustainable uses, the iesilience of dependent comroumnes and
industries 15 bkely to be dimumushed as well Morcover, some social scicadsis argue thar the
effects are recipracal [f manine ccosysiems are the basis lor social or cconomic systemns thal
are not resilient to narmal vadation in the ecosyaiern, then those uses may incrzase the stress
on the ecosystem when natueal vanagon has already placed the ccosystem at an arypical siate
T hus social and ecanomic systems of low resilience may diminish the resibience of ccological
systams as well

A major source of ecosystem cesilience comes from feedback processes nherent in
MANy ccosystem processes and relagonships benveen species 7 The wportance of densuy.
dependence 1n some coosystem processes has been noted, and these contribule the necessary
feedback 10 bubfer ceosystems from perturbadons  For example, if 8 human pressuee
increased mettality on a key predaror, the densicy of that predator in the ¢cosystem would
decline IF proy were unaffected direedy by the pressure cagsing increased mowality on dhe
predator, the remaining indiiduals of the predior speeies would find more food per
individual The resalt would appear as densiry dependence in the predaton process With
better fond per indimiduals, they might grow faster and manure soaner, or produce more epps
per individual The result would appear as density dependence in recruitment to the predalor
These sources of density dependent {eedback have been the basis lor commereind fishedes

ML

for centuries
Frareitens fatcpnty

Eeosystemn integrity tefers 1o the degree o which all these processes which mmntain
ccousyslem struclere and funcLifming are work_ing to keep rcturning the sysiom Lo "hc:’rl[hg.-‘”

- . . .. u
conditions, as the system is pertuebed by envitonmental vanaoon and haman uses  As long
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as the ndidual pressures do not move the leedback processes ouside their abilie 1o

compensate tver dme, the integrity of the ccosystam is intacr.

It 15 the nature of density dependent feedback that within the toleranees of the
compensadng processes the effects of perturbations are buftered, and the system does not
appear to sutfer lasnong or major changes 10 respense to the pressures to which it is exposed
However, once the system tolerances are excceded {or even a few of the compensating
processes, the ecosystein can guickly suffer harm that is senows and difficult to reverse — that
15, the ccosysiem intcgnty has been reduced or even dost.™ Unfertunately, the inerernental
Increase in a pressure thae aleers ceospstern integrity may appear small compared 1o the
gradual increase in the pressure thar has occurred wathour appearing to reduce ecosysiem
integrity al all Thiz can occur because scrony density dependent processes are designed o
wark elfectively unlil further eompensation is not possible, and then they break dovwn rapidly

siwlardy, ecosystem ntegrity can be harmed by cumuladve effects of muldple
pressuies * Past experience may have indicated that the ceosystem processes could
campensate for the siress caused by each pressure as it was applied 1ndividually However,
romettmes the sime components or processes were involved in eompensaton for scveral
pressures When they are dater applied comulatively, the combined stressors do exceed the
density dependent {and any other) compensabon mechanisms, and again ccosystem integrity
is comprotmised  Alternauvely, in a healthy ecosysiemn there may be many components and
linkages among them that contribute to the restience of an ecosvstem to pecturbations  As
mdividual components and linkages are weakened or remorved, many of the losses
individually appear to have negligible impact on ecosystem structere and funcaon However,
at seine point the simplified systern loses fis abiliy te buffer and compensate for

perlurbatiens, and again an inceementally small pressure ean resudr in lagge and lasting harm.

These oppes of major conscquences of minor incremental pressures indicate why he
nteguty af the ecosystem as 1 whele 15 an important consideradon in management and
policy They alse highlight the imporance of integrated management in an ceosysiam
appeoach, so cumulatve offects recorve due consideration " They also highlight that

conmservaton of biodiversity is a cornerstone of protecling cocosystem integnity, bocause it is
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ofien the muliplicity of components, processes and their inkages thar give ecosystems thel
resdience and are vital ro malnmiong ccosystan irm:gril.jp'.:a'1 Finally, they are a caudon with
repard o rellance on adapive manngement to teact to changes Io ccosystems a5 they are
detected. Adaptive management asswmes that each inerement in a pressure can be addressed
by a comparable increment In an Appropnate Management Imeasare * When CeOsySLEm

integriry is under pressure, tus may be a dangerous assumpuon

Sran of kt}' idens

{1 Ecosystern integnty ecfers to the degree to which rhe processes thal mantun
ecosystem steucruee and funcdoning are working to retuzn the systermn to “healthy”
conditons as the system is perturbed by environmental vadatbon and huwnan uses As
long as these individual pressures do not move the feedback processes cutside therr

ability 1o compensate over dme, the integrity of the ecosystem renwming intact

(b} Fcosystem integnty applics to features that the ccosystem wself has when it is in a
bealdhy sune Flowever, once the system tolerances are exceeded for even a few of the
compensating processes, the ccosystent can quuckly suffer baom tral is sedous and

diffienll to reverse In other words, the ceosystemn integrity has been reduced, or Jost

{c] A major source of coosyslem resilience comes from (ecdback processes inlerent in

many ecosystem processes and relanonslips benwveen species

{d} Conservadon of biadiversity s a corerstone of protecing ccosystem Integriry,
because it is often the mulaplicity of components, processes and their linkages tha
give ccosystems their resilience and ace vital to maintaining ccosystem integnty

L g " . - .o . .
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Legal regime for marine scientific research

2. The 1982 United Naticns Convertion on the Law of the Jea substentially
axtended pationnl juripdiction osffshore and inoreased the rights and ohligations of
cocaatal Btates lo the marine enviroement and in the expleoltation of its rescurcas.
Tha Convention also plages & lega) obligatien on Btates to apply mound prinmolples
of resource mapagement within the exclusive ancnomlo 2ome. mpd it esatabllshes the
régime for the conduot of marine scientifio research in that sons and ou the
gontinental ahelf. The right to szplolt the rescurces of tha exaluslve sconomic
aors impliies a rsoponsibllity for proper managemsnt cencomitant with the duty not
to inflict damage ¢n the intareats of other Scatss. However, it is evident that
propet management requires a koowledge Lese and a national scientific and pellticel
infrastructurs to identify snd provide viable sclutions te sny existing or
potential preblems.

3. The recogniticn that the ocean i5 a resourge capable of making a growing and
subatantial aontributicn to sustainahlie sgonomic development mnd alsc the
recoguoition of the nead te underatand its role iz the total global system have
ploced mow and incroasad demands on marine sslensa. At the same time, increased
intarest in cosstml and shelf processex has heen parallellsd by n growing neesd to
undaratand the holistic behavicur of the total glicbal ocean aystem, partlaularly
the way in whioh 1t aote as a sontrel on alimate varlabllity through gclroulation
anrd heat exchangs.,.

4, An the Secretary-Gemeral indlcated ia his report to the Asssmbly at ita
forty-third seasios, "ensuring sustainable development in the future utlliisation of
marine rescuraes acd saovironment will regulre special sttentlon" (ibid.,

para, 72)., ‘The report emphesizes that "far from being a meture acleace,
cupanography le still in the procass of dimcovery and the chief eource of aew
underatanding comea from new observations, not frem theory. Global predlction
models must be verified in any avent againsgt obaervatlons of the state of the
ncean, such as ssa lavel, tempaerature and salinity, and must be compared with
mengurad fluxes of hast, water, particlas and gases hetwegn Ythe atmesphaera, Lhe
ocenn and the ccean floor. The vcaan ddlendes are thua eatering an lntengivae
dnta-gatharing phase that will laat through to tha late 19%0s and parheps bayond”
{ibid., pars. 73}.




B. Ths ingreasing world population places an ever growing prassurs on land-based
resources. The demand for marine products and occean ssrvicas will inorasze in
parallel and etrengthen the nesd for marinme regearch., Thers is now wideapread
gongary that man's antivitiea may he adversely sffacting the earth's snvironment
and the gugtalnakilivy of lts rescuros base. The coean plays a dominant role in
malntaicing the Iife-aupporting ayatem on sarth through its iateraction with the
atmosphere, although the details of that role hava yet to bhe fully undaratocd.
Concarz over the environment and ita olisnges 1a likely to shapes the future of
marine programmes in research snd services at all levels, that 1s, lcaoal, regicnal
and ¢lobal.,

6, It will vome maa no surprise that the major issues ifdentifled in this raport as
rogquiring cenoerted aaticn by States and Internpatlonal co-oardination by
organipationy toncérned mre pradominantly environmental lasyes, inoluding the
congarvatien of the living regourses af the cceans. They inalude the followirg:

{a} Creation of sational and regiconal marine solentific ressarch capablilities
to adequately provide gsound sclentlfic bazes for development and management of
marine resserces, living and non-living;

(b} Research and monltoring of marine pollutiond

e} Sflodbal vlimate research programnes and asscoclated large-saile
ovepanographic experiments to obaserve and understand alr-sea Intoraction, the impact
of the ocaas on glimate, and viae-veraa)

{d) <Coantal dynamicy and sea-lavel risag

{e) DPavelopment ¢f global ocean observiag systems to support marine
sclentiflc rosgearch and ocean usea.

7. Marine acience 1s like any other sclence in that it rellea on obaervatlon and
teasted hypotheses. Howeveyry, marlne sclentists face a varlety of time and spaca
gcalad, The questlon of gomles 18 importent bhacause in order to understand the
global system, the determipatiocd muat be made of thode agaies upon which the
phypical, chemicel and bielegical progessmes intersct with the global system. Thers
is & nead to study procoepgses at intermediate and smaller acales ie the Individual
disciplines of physics, chemistry and blology juat as there {8 a growing nesd to
study the large-acele questiona. While the full value of a ressarch project may
not be lmmediakely apparent, it is inhsrent in the natura 2f azlpntific research
that en offshoot may have groater signlficance than the intecdad goala of the
project. Large-scala projecta are of special Importanca toc tha internatlocal
communlty ie that they call for collaboraticn among institutions and Btatea.
However, they are costly snd logimtically diffigult to carry out but they bemefi:r
from and are dependent on internaticnal co-opsrctior sed planning.

8§, Por the succeasful lmplementstion of auch amall ar large-scale proiects, it is
important toc ensure that international co-operaticn and co-ordination is puraued at
the bilateral, ragionsl aod global levels as approprlate. Furthermare there also
must be & legal framework withln which this eo-cperaklics and co-ordlnation can
dovalop.




11. TH: NEW LEGAL REQIME POR MARINE BCIENTIFIC REBEARCH

9. The United Natlons Conventlon on the Law of the Bes lays down & conprehenalve
global rdgime under which Btates are ragquirsd to conduoct marine sclentifio research
and oo-operate ln asuoh reassrch. The Conveation davetes an sntlire part {part XIII,
consisting of 28 srticliea) to the question of marine aclentific rossareh. Beveral
other parts contaln speaial provisions conaerning marice acieatific reseaxch ag it
ralatas to different jurisdiotionsl zonea or spacific subject matters. Parg XII,
aonacerning the proteoticn and preservation of the marine eavironmept, and part XIV,
dealing with the development and transfer of marine taohnolsgy, are the moat
important in this respeck. Indaed, part XIII iz so closaly linkad te thoge tweo
parts that the three parts ahould be read htogether for all practical purposes. ©Of
the 323 articlea of the Convention, about 100 deal with tha axpleration,
exploitation, conservation and menagamrat of the resources of the sea, the training
of porsonnal in those flalda, and the applicatinn of zcloence in the protsctiop and
prosarvation of the marine environment. Thase provialona form the global legal
ragime for marine scientific researgh in p wider senae, and provide the baris for
ralevant bilateral., raglienal sr other internaticonal agreemanta for the promoticn of
aclantific investigatlos of the soean aod lta rasourges.

10. The followlng sactlons demonstrate that the international community iz now
facing a growing ohallengs of khetter hushanding the ocesna and thelr resources and
that thia raguirex the uajversal atrengthasing of marine sclantifie research in all
ltm flelds. fince problems and phenormezna of ocenn space Ars mostly imterrelated
and respect no natlonal houndaries, all solentliflic rmsearch leaues identified nosd
to be tackled through tha }jeint efforts of States, often together with rplevant
international orgaclgastious. What lm most nesded now, therefore, is the oloser
co-oparation and ¢o~ordipation among Btates and international crgenizations in
further promoting and facilitmting the cepduct of auch research, disseminating the

knowiedge, informetlon and data obtained., and devaloplng humsn resourcaes urgeatly
ueaded Ln many countrles.

A. Qeneral principlesg

11. The Conventlon confirms the right of all Gtates and competent interratlcnal
organizations to conduct marine aclentific research {art. 238} and lays down &
fundamantal princlple that such research ashall he conducted exclusively for
peaceful purpoaes {art. 240;. Another general princlple recurring throughout the
Convention s the duty of Stetes to co-oparate in marine geientlfic research)
indesd the régime for marine sclentific vesearch is deslgned to promote
international ca-operation, 2/

B. daneral AuLy to Co-Qperpts

12. The Conventlan claarly enunclatesn tha fundamental duiy of all States and
sompatent international organizationa te promote snd facllitate tho development aad
conduct of marine sclentific regearch ip accordance with its provisionaz

fark. 23%}. Thez follows the general duty of Staten and compatent laotsrnstionei
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orgeslzatisna to promote international co-pperation in marine scientifioc research
for peaceful purpages {art. 242, paran. 1}. They aro furthermors obligad to
oo-pperate to oreate favourable conditiona for the cenduct of puch research and to
integrate the efforts of ociesntlste in the etudy of the marine anvirpnment

{ark., 2413},

13. The call for international co-~operation is partioularly stressad in the osae
of States borderling enolesad or semi-ssclosed meas, whioh are urged to co-opRIats
with eash other in exsrcising their tighta snd performing their dutiea, sad are
further obliged to endeavour to co-ordinate thelr scleatiflo researoh policles and

undertake where appropriate ioint programmes of saleatiflc raserroh 1o the araea
fart. 123).

14, BStates ara usder a duty to promote international co-operation la scientifip
rasearah o the pea-bad and ogear fleer mnd subsoil thereof, beyond the limits of
national jurlsdistion, by partloipating in internatiozal programmps and sngouraging
co~operation in such research by perscncel of diffgrent countrios azd of the
Internatiosnal Hea-Bed Authority {art. 143, para. 3).

15, On the heals of thet fundamantal duty to co-operats, the Conventlon provides
for more specific obligations of States and internationel crganigationn. These
foous on the followlag three auhjecte: (m) the consent régimes (b) the

aissemination of information, data and knowledge) and {(¢) training, educatien snd
tranafar of techuology.

16, In ad@ltion, there 1s a fundmmental duty found lan part XIV of the Convention
te aspist the afforts of developlng countriss to soquire technology and sclentific
knowledgs, The Thizrd United Nationa Conference on tha Law of the Sea, sharizg this
sentiment, ndopted, togather with the Convention, = resolution os development of
pational merine sclence, technology and oesan sarvice infraptructurea. 3/

€. Zhe cogment régime

17. Racogaiziag the value to ccastal Gtates of detalled information on the marina
anvironment end ite resources, the Convention provides a lagal framework for the
soquialtion of sclentific knowledge In the excluslve acasomic one and on the
continental ghelf, Under the Conventicen, marina sclentific research iz the
exclusivae economic zona and on the continental shelf shall be conéuoted with the
consent of thae coastal Btata {art. 246, para. 2). The Convention establlshes

getailed rules and procedures for such rasearch activitiea om the basis of this
ragulremant, ¢/

18, Under the conaent régime coastal Btatas must, 1ln normal clircumstances, grant
thelr consent. They mey however st tholr dismcretion withhold their conasnt to the
condunt of a marine acisntific raseerch project in the exclusive eccnomic sone and
on the continectal shelf if the project la of direct aignificance for the
exploration and exploitation of natural resouryes, whaethar living or mon-livingy
involvea drilling in the continantal shelf, the use of explosives or the
iptroduction of harmful substances into the marine environment) iavolves the




sonstruccion, operatleu or uae of artificial islepds, installations and atructures
referred to in the Convention; or ceantains ipaccurate Information or L€ the
researching Btate or interpatlonsl organisaticn has outstanding obhllgatlons to the
constal State from & prior research project {art, 246, para. 5).

1. That quallfied consant reguires a coastal State to have sn adeguate
understandicg of cthe scientiflo zature of each reasearch project. The Convention
stipulates that the coastal State shall establish rulse and procdedurss ensuring
that consent ip not dalayed or unressonably denied, which further underlines the
gand for a coastal Btake to reach the level of sclontifie knowledge nedessary for a
gound agd objective mssessment of the charasteriprics of tha research project.

20. The Convention also provides that rosearching States or competent
intarnational organizations may proceed with a marlne soientiflo rssearch project
aix montha after the data the rejulred information relating to the projeoct was
provided to the coastal Btate, unless withia four monthe of the recelpt of the
communioation oostalning auch fnformation the ooaatel State has informsd the State
or crganivation wishing to sonduot the reaearch that it was withholding lts oongant
or that the \lnformation glven dose not conform to evident faocts or that
supplamentary informatios 1s requirsd {art. 253).

21. 7There i a special provision {art. 247} 1n the consent régime for projects
unfdertaken by or wadar the ausplcas of laternatlonsl organizatlens. In cases whera
an laternaticnal organisation to whioch a comstal State belongs or with which it hes
an agrasment plans to carry out a research project eitier direotly or undar lts
auspicaa, the cosstal ftata im deemed to have authorized the project if it approved
the undertaking of the project when ths declision was made by the organizatlon or is
wiiling to partiolpate In It and haz not expressed an objestion within four monthe
aof notificetion by the crganization., That procedure would be of grest use,
particularly, ia facilitating researth projects on a glohal acalse,

D. Dipssminetion @f information. data and knowledgs

2Z. The publication and digsomination of information on rasearch programmes and
thelr chjectived ms well ns knowledge resulticg from marine pcientiflec reasarch axe
poother form of the cbligation to co-operaste. For thet purpose, Statas are oblliged
to promote actively the flow of selentific data ard in!ormation ard tho tranafer of
such knowledge, espaclally to developing States {arkt. 244).

23. This iz particularly true in the lmplemsntation of the provialons daaling with
proper conssrvation and management of living rescurcas of the oceans in ordar Lo
avold over-exploitrtion and to malsgtain or reators populaticne of harvested spacies
at levels which c¢ean produce meximum sustainable yield. The Conveatlon providas for
the promotion of iatarnational co-opexation in mcqguliring scientiflc dats andg
axchange of information on the conservation of such llving resources (art. 61).

24, Ia the exclugive economic zone and on the high seas, Gbates are required to
contributa and exchange, on a regular baals, asvalilable aclentifle Informatlon
regarding cetch snd fishing effort atatieties and other date relavant to Lha
conservation of fleh atocks. Thie ahould ba dane through compatent intarnational
organizations, with the particlpation of all Btates concarned (arta. 61 and 119},

i




26. Ths Convention impoaes additiozal duties on Staten conaersing the need to
go-aperate or co-ordinate their measures for the congervation, devalopment and
management of certain spsalfied fish stooks or specles iz the exalusive eapnomic
gons or on the nigh zeas, 7The general obligation for the exohange of ralgvant
information and data in oconnection with thoss stooks and specias oontained in
artiole 61 applies to such mtocks and spenies. The mpeoifio atocks manticned are
thoss straddiing two or more exolusive saonomic aomes or the exaiusive economie
gonn end the high aeas {art. $3) acd anadromous sioocka (art. §6). OQthsr speciea
mentioned nra the highly migratory mpeclss listed in sunex I of the Convention and
aatsdromous speciea {(art. 57)}. In eddition. apealal provisions are made with
regard to co-operstien irn the gongervation of marine mammals (arts, &6 and 120},

26, A similar obligation is found with respect to marine pollution. Btates arg
gbliges to co-pperate in order to promote solertifis reasarch and encourage the
exchange of information Bnd data on marine pollution {mrt, 200), States are
reguired to andsavour to study, by roocqgoiped scientific methods, the riskg and
offects of marine poliution and to pubilah the results cbtalned or atherwise make
rhom available to all States (arta, 204 asd 208}. A cosstal State 1s alsc raquired
ko provide other Htates with a ressoasble cpportunity to obtaln from 1t, or with
its co-pperation, informatlom meceasary to preveat msd control damage as well as ko
the haslth and safety of porsons and tc the marine environmeng {art. 242, para. 2).

E, Tralziog, eduontios and trspofier of sechnology

27. The general emphasis that the Convention places on the needs of daveloping
Btates im particularly articulsted in the dsvelopmant of marine solence and
technology. States are obilged to co-opsrate in order aatively to promots the
davelopment and trarsfer of marine solenoe and marine technolegy on falr and
reasonable tarms und conditions, The need to promote the development of scientific
and technologicnl capaclty of States 1l highlighted in the flelds of resource

conservation and development, ocean resesrch and the protaction end preservetion ot
the marlse envipoament {art., 2868},

28, 1In sddition to sxisting arrangements, the Conventism calls for expanded and
now programmes for faailitatizg marine scientific reamarch, the trensfer of marine
teohnology and appropriste interaaticnal funding for ocean rsaearoh snd developmant
{art. 270). Btates are almo required to promots the establiahment, perticularly in
developing comatal Btatas, of national and reglonal merine solientifiac and

technological researgh centres end the strengthening of existing centrea {erts. 278
and 276).

29. More speaifically, upgor regueat by & coastal Btate, States and international
organinations, uzdertakiang ressarch in the exclusive ecomomio wonme or on the
gontizental shoelf, must provide it with aa asasgament of the data, samplea eand

rasearch resulta ox provide assistanoe in their assesament or laterpretatlon
{art., 249, para. 1 {4}).




30. 1In the area of protection and prapervation of the marine environment, States
are obliged to promote programmes of scientific, educational and techanical
epsistance Lo Jeveloping Statea, inelvding the training of scientific personnsl and

devaleping facilities for research, monitoring and educaticnal programmes
{art- 232]‘-

3i. Pinally, Btates parties te the Conveation are requlred to promote
internaticnal ce-cperation in marinpe scivntific research in tha Area by snguring
that programmesa are daveloped for the henefit of developing Skates with a view,
inter alia, to stresgthening their research capabilities {art. 143},





