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1.Executive Summary

Monitoring can be defined as the systematic measurement of biotic and abiotic parameters of the
marine environment, with predefined spatial and temporal schedule, having the purpose to produce
data sets that can be used for application of assessment mesthod derive credible conclusions on
whether the desired stat¢Good Environmental Status; GESjchieved or not and on the trend of
changes for the marine area concern@thmpoukaset al., 2012) Since 2014,he Marine Strategy
Framework Directive requires from European Union Member States to establish ecological
monitoring programmescoveringall their marine waters and therefore extend existingmonitoring
andincludeadditionalelementssuch as GES descriptoirs this document we revised theaipciples

of integrated monitoring and large scale approachesestablished for the European Union. In
particular, we addressedé European strategy to address the impacts on marine ecosysiated

with Climate Change, Blue Carbon, Marine Litter and Rtete Marine EcosystemsThe same
objectiveis thenpursuedfor Malaysia and India after revisicgrrent studies, strategies and findings
whenmonitoring Asianmarine ecosystems.

Severalknowledgeand methodologicabaps arise from thistudy. The main concerns are related
with poor information about changes in species composition and abundance over time in the
countries ecosystemsind the lack of baseline datdor fisheries and aquaculture impacts, blue
carbon assessments and plastic contaminatlpn coastal ecosystems/region¥he ECOMARINE
project intends to create full operationally marine conservation monitoring labs in Malaysia and
India. Monitoringmust include and definethe elements to measure, the location of sampling sites,
the periodicily of sampling, the collection of field samples and data, processing of the samples in the
laboratory and the compilation and management of the dathe ECOMARINRroject, besides
establishing thefour Marine Laboratory dbs, will also develogoth, in situ and in Europe,
educational strates (including theoretical and practicalesson$ that help in the training of
researchers angh the development of updatedssessment methods and classificatiorGafS in the
Malaysia and India marine ecasgmsunder study.
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2. Marine Ecosystem bhitoring in the European

Union (EU).

2.1.

Introduction.

D 1.1. Marine ecosystem monitoring in Malaysia and India

The basis of marine monitoring in European countries belonging to the European Union is set in the
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has, in order to meet this target, to develop an effective description of the state of its marine

environment, a definition of GES at regional level and the ldistament of clear environmental
targets and monitoring programmes. GES is determined using a set adsttiptors, whichwere
defined in aCommissiordecision on the % of September 2010 (2010/477/EU) on descriptors and
are the following (text in bold is the literal descriptor of GEB¢ alsdrable 1)

Table 1. The MSFD descriptors to determine Good Environmental status in the EU.

M5FD Descriptor Climate change relevance Blue Carbon relevance Marine litter relevance Protected marine
ecosystems relevance

b1, Biological diversity

2. Non indigenous species

D3, Commercial species

Du3. Marine food webs

D5. Eutrophication

D6. Seafloor integrity

D7. Hydrographical
conditions

DE. Contaminants

D9, Contaminants in fish

010. Marine ltter

D11. Energy and nolse

* X x

* *
* *

* *
* 5 *

The quality and occurrence

of habitats and the

Relevant habitats:
saltmarshes and seagrass

distribution and abundance  beds

of species are in line with

prevailing physiographic,
geographic and climatic
conditions

Alterations in size
distribution andfor
population parameters

Alterations in food welb
structure and productivity

Stability of benthic
BCosystems

Basic baseline information
of physical and chermical
factors
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Productivity of primary
producers, food web
structure

Alterations in
biogeochermical marine
cycles

Productivity of sensitive
benthic ecosystems

Impact of extreme events
on shallow coastal soft

bottormn ecosystems

Directly relevant

Changes in distribution and
abundance of species,
alterstion of habitats and
BCOSYSIEMS

Ecological effects of MIAS

Ecological effects of human
activities on protected
marine ecosystems

Changes in coastal
dynamics

Saa level rise
Acidification

Maintenance of pristine
conditions

Socioeconomic effects on
artisanal fisheries

Maintenance of pristine
conditions

Maintenance of pristine
conditions
Competition for coastal
Tesources
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D 1.1. Marine ecosystem monitoring in Malaysia and India

2.2. Detailing he MSFD Europeatescriptors to Monitor
Marine Ecosystems.

Descriptor 1: BIODIVERSITY
Biological diversity is maintained. The quality and occurrence of habitats and the distribution and
abundance of species are in line with prevailing physiographic, geographic and dondigons.

The assessment for this descriptor should include different levels of organization, from species to
ecosystems, and accordingly must be monitored at the level of species, habitats and ecosystems. At
each level, different criteria need to be e At the species level, and once each coastal region per
member state has identified the target species, the indicatorsspecies distribution population

sizeand population condition In relation to biodiversity at the level of species, the threeedia for
assessing progress towards good environmental status, as well as the indicators related respectively
to them, are the following:

1.1. Species distribution
T Distributional range (1.1.1)

T Distributional pattern within the latter, where appropriai(1.1.2)t Area covered by the species
(for sessile/benthic species) (1.1.3)

1.2. Population size
T Population abundance and/or biomass, as appropriate (1.2.1)
1.3. Population condition

T Population demographic characteristics (e.g. body size or age class structure, sex ratio, fecundity
rates, survival/ mortality rates) (1.3.1)

T Population genetic structure, where appropriate (1.3.2).

At the habitat level, a set habitats types needs &dvsawn per region, addressing both the abiotic
characteristics and the biotic assemblage. At this level adequate mapping of these habitats, in a
coherent classification scheme, is essential for good measurement of this subdescriptor for
biodiversity. Foeach habitat, the criteria and indicators are:

1.4.Habitat distribution
T Distributional range (1.4.1)
T Distributional pattern (1.4.2)
KR Co-funded by the This project has been funded with support from the European
£ x Erasmus+ Programme Commission. This document reflects the views only of the author, 6
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1.5. Habitat extent

T Habitat area (1.5.1)

T Habitat volume, where relevant (1.5.2)

1.6.Habitat condition

T Condition d the typical species and communities (1.6.1)

T Relative abundance and/or biomass, as appropriate (1.6.2)
T Physical, hydrological and chemical conditions (1.6.3)

At the ecosystem level, addressing functional relationships between the different elemezash
ecosystems, as well as considering connectivity and resilience, are considered essential.

1.7. Ecosystem structure
T Composition and relative proportions of ecosystem components (habitats and species) (1.7.1)

Descriptor 2: NONNDIGENOUS SPECIES
Non-indigenous species introduced by human activities are at levels that do not adversely alter the
ecosystem.

For this descriptor a previous knowledge of the pathways for introduction of marine non indigenous
species is needed, as is also of the vectorsttieir spread. It is acknowledged that the precise
evaluation of the environmental consequences of exotic species introductions is still not fully
understood, although some tools like the Environmental Impact Classification of Alien Taxa (EICAT)
which is he IUCN Standard for the classification of the impact of alien species on the environment
can be adopted. Accordingly, the criteria and indicators are:

2.1. Abundance and state characterization of #iedigenous species, in particular invasive species

T Trends in abundance, temporal occurrence and spatial distribution in the wild ofnutigenous
species, particularly invasive nimdigenous species, notably in risk areas, in relation to the main
vectors and pathways of spreading of such species (2.1.1)

2.2. Environmental impact of invasive ndigenous species

T Ratio between invasive nandigenous species and native species in sowal-studied
taxonomic groups (e.g. fish, macroalgae, molluscs) that may provide a measure of change in species
composiion (e.qg. further to the displacement of native species) (2.2.1)
Co-funded by the This project has been funded with support from the European
X * Erasmus+ Programme Commission. This document reflects the views only of the author, 7
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T Impacts of norindigenous invasive species at the level of species, habitats and ecosystem, where
feasible (2.2.2).

Descriptor 3: COMMERCIAL SPECIES
Populations of all commercialgxploited fish and shellfish are within safe biological limits, exhibiting
a population age and size distribution that is indicative of a healthy stock.

The implications for this descriptor are that commercial species are exploited sustainably, and that
full reproductive capacity and the proportion of larger and older individuals are maintained for all
living resources targeted for an economic profit. For this descriptor, primary and secondary
indicators are included, acknowledging the difficulties of adgqulata collection in several cases.

3.1. Level of pressure of the fishing activity.

T Primary indicatar Fishing mortality (F) (3.1.1), which should be equal or lower to that assuring
Maximum Sustainable Yield (MSY).

T Secondary indicatoRatio betweerO 4§ OK | YR ©6A2YlFa&d AYRSE 6WOI i OKk
3.2. Reproductive capacity of the stock.

T Primary indicatorSpawning Stock Biomass (SSB) (3.2.1).

T Secondary indicatoBiomass indices (3.2.2)

3.3. Population age and size distribution

Primaryindicators

T Proportion of fish larger than the mean size ofrsfi sexual maturation (3.3.1)
T Mean maximum length across all species found imseagch vessel surveys (3.3.2)
T 95 % percentile of the fish length distribution observed in research vessatys (3.3.3).

Secondary indicatsr

T Size at first sexual maturation, which may reflect the extent of undesirable genetic effects of
exploitation (3.3.4).

KR Co-funded by the This pr‘oje_ct has _been funded with support_from the European
SR Erosmus- Programme - Commision. Thisdocument efects e vews onb of e autor,
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Descriptor 4: MARINE FOOD WEBS

All elements of the marine food webs, to the extent that theylaown, occur at normal abundance

and diversity and levels capable of ensuring the long term abundance of the species and the
retention of their full reproductive capacity.

The aim of this descriptor is to measure the health of food chains and food whedisjs, the
network of biotic interactions between different species in the ecosystem. This descriptor represents
one of the most complex and unknown aspects of marine ecosystems, since the identification of
simple indicators able to assess the statushef system with dynamic species interactions and the
identification of underlying responses to pressures, is difficult, provided that reducing the
complexity of dynamic species interactions to a simple figure has proven difficult in most cases, and
network analysis of biotic systems, a novel tool for this analysis, is resilient to simplified outputs.
Having this in mind, the proposed indicators are based on functional aspects such as energy flow and
food web structure, but further developments will be nestbito reach a consensus set of indicators.

4.1. Productivity (production per unit biomass) of key species or trophic groups

T Performance of key predator species using their production per unit biomass (productivity) (4.1.1).
4.2. Proportion of selected species at the top of food webs

T Large fish (by weight) (4.2.1).

4.3. Abundance/distribution of key trophic groups/species

T Abundance trends of functionally important selected groups/species (4.3.1).

1 groups with fast turnoverates (e.g. phytoplankton, zooplankton, jellyfish, bivalve molluscs,
shortliving pelagic fish) that will respond quickly to ecosystem change and are useful as
early warning indicators,

1 groups/species that are targeted by human activities or that areéatly affected by them
(in particular, bycatch and discards),

71 habitat-defining groups/species,
1 Groups/species at the top of the food web,
71 longdistance anadromous and catadromous migrating species,

f  Groups/speciethat are tightly linked to specifigroups/species at another trophic level.

KR Co-funded by the This project has been funded with support from the European
£ x Erasmus+ Programme Cogmisgion. This documenttt:eﬂrn]eclt('js the vievx_/ts)lor;ly of the authr?_r,h 9
* oy k of the European Union and the Commission cannot be held responsible for any use whicl

may be made of the information contained therein.
619158-EPP-I-2020-1-CY-EPPKA2-CBHE-JP



N

(g 2,ecomarine
s D 1.1. Marine ecosystem monitoring in Malaysia and India

Descriptor 5: HUMANNDUCED EUTROPHICATION
Humaninduced eutrophication is minimised, especially adverse effects thereof, such as losses in
biodiversity, ecosystem degradation, harmful algae blooms and oxygeedefi in bottom waters.

This descriptor indicates directly one of the main anthropogenic effects for biodiversity loss and
alteration in the marine environment. Since the process is originated by excess supply of nutrients,
mainly Nitrogen and Phosporus coastal enviroments, the indicators are mostly biogeochemical,
and in EU contries, the assessment of GES for this descriptor is closely linked to the Water
Framework Directive applied to transitional waters.
5.1. Nutrients levels
T Nutrients concentratia in the water column (5.1.1)
T Nutrient ratios (silica, nitrogen and phosphorus), where appropriate (5.1.2)
5.2. Direct effects of nutrient enrichment
1 Chlorophyll concentration in the water column (5.2.1)
1 Water transparency related to increase in suspended algae, where relevant (5.2.2)
1 Abundance of opportunistic macroalgae (5.2.3)
1 Species shift in floristic composition such as diatom to flagellate ratio, benthic to pelagic
shifts, as well as bloom event$ nuisance/toxic algal blooms (e.g. cyanobacteria) caused by
human activities (5.2.4)

5.3. Indirect effects of nutrient enrichment

1 Abundance of perennial seaweeds and seagrasses (e.g. fucoids, eelgrass and Neptune grass)
adversely impacted by decreasewater transparency (5.3.1)

1 Dissolved oxygen, i.e. changes due to increased organic matter decomposition and size of
the area concerned (5.3.2).

Descriptor 6: SEAFLOOR INTEGRITY
Seafloor integrity is at a level that ensures that the structure and fioms of the ecosystems are
safeguarded and benthic ecosystems, in particular, are not adversely affected.

Only 5 % of the bottom of the oceans has been mapped and explored, and this descriptor calls for an
initial screening of threats and risks from humadtivities, and a monitoring that considers the

KR Co-funded by the This project has been funded with support from the European
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patchy nature of benthic habitats. The indicators should address the magnitude and importance of
impacts to the seabed, and the assessment of the condition of healthy benthic communities and a
detailed mappng and description of biogenic bottom substrates.

6.1. Physical damage, having regard to substrate characteristics
T Type, abundance, biomass and areal extent of relevant biogenic substrate (6.1.1)

T Extent of the seabed significantly affected by humanvit@s for the different substrate types
(6.1.2).

6.2. Condition of benthic community
T Presence of particularly sensitive and/or tolerant species (6.2.1)

T Multi-metric indexes assessing benthic community condition and functionality, such as species
diversity and richness, proportion of opportunistic to sensitive species (6.2.2)

T Proportion of biomass or number of individuals in the macrobenthos above some specified
length/size (6.2.3)

T Parameters describing the characteristics (shape, slope and intercept) of the size spectrum of the
benthic community (6.2.4).

Descriptor 7: HYDROGRAPHYCAL CONDITIONS
Permanent alteration of hydrographical conditions does not adversely affect marinesecosy

Physical characteristics such as temperature, salinity, depth, currents, tidal regime and many other
can be significantly modified by human activities, and the aim of this descriptor is the evaluation of
the extent of this changes and their poteritiaffects on the structure and function of marine
ecosystems, and on their biodiversity. Environmental impacts assessment tools and rules, as well as
integrated coastal zone management strategies, are the basis for the indicators.

7.1.Spatialcharacterizatiorof permanent alterations
T Extent of area affected by permanent alterations (7.1.1)
7.2.lmpact of permanent hydrographical changes

T Spatial extent of habitats affected by the permanent alteration (7.2.1)

KR Co-funded by the This pr‘oje_ct has _been funded with support_from the European
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T Changes in habitats, in partiem the functions provided (e.g. spawning, breeding and feeding
areas and migration routes of fish, birds and mammals), due to altered hydrographical conditions
(7.2.2).

Descriptor 8: CONTAMINANTS
Contaminants are at a level not giving rise to pollugédfiects.

This descriptor evaluates the presence and concentrations of all potential contaminants, as defined
by the Water Framework Directive, i. esubstances (i.e. chemical elements and compounds) or
groups of substances that are toxic, persistent aaolé to bicaccumulate and other substances or
groups of substances which give rise to an equivalent level of cofderstockholm Convention on
organic toxic persistent pollutants includes already a list of some of these compounds, but it has to
be expanded to accommodate several other, organic and inorganic, that meet the three above
mentioned characteristics: toxtgi persistence in the environment and the ability to bioaccumulate.
The group of substances should also consider EU legislation and that of member states on Water
Quality Standars to set the detection ranges for this substances. Note that inorganicgoollut
related only to eutrophication is addressed by descriptor 5.

8.1.Concentratbn of contaminants

T Concentration of the contaminants mentioned above, measured in the relevant matrix (such as
biota, sediment and water) in a way that ensures comparabilith the assessments under
Directive 2000/60/EC (8.1.1)

8.2.Effects of contaminants

T Levels of pollution effects on the ecosystem components concerned, having regard to the selected
biological processes and taxonomic groups where a cause/effect meshij has been established
and needs to be monitored (8.2.1)

T Occurrence, origin (where possible), extent of significant acute pollution events (e.g. slicks from oil
and oil products) and their impact on biota physically affected by this pollution (8.2.2)

Descriptor 9: CONTAMINATION OF FISH AND SEAFOODS
Contaminants in fish and other seafood for human consumption do not exceed levels established by
Community legislation or other relevant standards.

Food security is an essential aspect of food product@apture fisheries of fishes and shellfish for
the Europeanconsumer must not pose a risk to human health, and accordingly, member states
should assure that capture fisheries and aquaculture products from marine environments have

KR Co-funded by the This pr‘oje_ct has _been funded with support_from the European
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levels of contaminants wakys below those set by EU, national and regional authorities for products
used for human consumption.

9.1. Levels, number and frequency of contaminants

T Actual levels of contaminants that have been detected and number of contaminants which have
exceedednaximum regulatory levels (9.1.1)

T Frequency of regulatory levels being exceeded (9.1.2).

Descriptor 10: MARINE LITTER
Properties and quantities of marine litter do not cause harm to the coastal and marine environment

Marine litter is becoming one of hmajor sources of impact on the marine environment, bot is high
seas and in coastal environments. The presence of macroplastics from terrestrial origin and from
marine sources (ghost nets, for instance) are increasingly interfering with marine life, sared h
become also vectors for the introduction of marine non indigenous species via oceanic currents.
Microplastics that result from the degradation of these macroplastics, and from industrial sources,
are of particular concern due to their small size bughhtoxicity and bioaccumulation in digestive
tracts of top predators, which eventually may be also used for human consumption. Although some
indicators are already included, there is still further research needed on new indicators, notably
those relating ¢ biological impacts and to micyuarticles, as well as for the enhanced assessment of
their potential toxicity.

10.1.Characteristics of litter in the marine and coastal environment

T Trends in the amount of litter washed ashore and/or deposited on coastl including analysis of
its composition, spatial distribution and, where possible, source (10.1.1)

T Trends in the amount of litter in the water column (including floating at the surface) and
deposited on the seafloor, including analysis of its composition, spatial distribution and, where
possible, source (10.1.2)

T Trends in the amount, distribution and, where possible, composition of mmarticles (in
particular micre plastics) (10.1.3)

10.2. Impacts of litter on marine life

T Trends in the amount and composition of litter ingested by marine animals (e.g. stanab}sis)
(10.2.2).

KR Co-funded by the This project has been funded with support from the European
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Descriptor 11: ENERGY AND NOISE

Introduction of energy, including underwater noise, is at levels that do not adversely affect the
marine environment.

Technical developments for the exploration of the sea, novel energy productiontrandport
systems, telecommunications and even maritime transport generate anthropogenic sources of
energy (like short pulses for sysmic exploration, explosions when building coastal structures,
operation of offshore wind turbines) and noise that may effearine life.

11.1. Distribution in time and place of loud, low and mid frequency impulsive sounds

T Proportion of days and their distribution within a calendar year over areas of a determined
surface, as well as their spatial distribution, in which appivgenic sound sources exceed levels that

are likely to entail significant impact on marine animals measured as Sound Exposure Level (in dB re
M>t FHPEOD 2N Fa LISH] az2dzyR LINBaadaNB fS@St o6Ay R
frequency band 10 Hto 10 kHz (11.1.1)

11.2. Continuous low frequency sound
T Trends in the ambient noise level within the 1/3 octave bands 63 and 125 Hz (centre frequency)

ONB wm>[ wa{T | @SNr3IS y2rasS tS@St Ay GKSasS 20i
stations and/or with the use of models if appropriate (11.2.1).
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D 1.1. Marine ecosystem monitoring in Malaysia and India

2.2. The Europeastrategyto address thempactson marine
ecosysten(Climate Change, Bluaon, Marine litter and
ProtectedMarine Ecosystems)

CLIMATE CHANGE

The strategy addressing climate change in Europe is defined in the European Green Deal, which is a
communication from the Europeasommissiordefining the framework and objectives for achieving
climate neutrality by 2050. It commits to the implementation of an EU 2030 Biodiversity Strategy, a
Zero Pollution Action Plama, Farm to Fork Strategy, a Circular Economy Action Plan, and a Climate
Law.As part of this plan, the first initiatives include:

1 European Climate Laiw enshrine the 2050 climateeutrality objective into EU law

1 European Climate Patid engage citizens and all parts of society in climate action

1 2030 Climate Target Plao further reduce net greenhase gas emissions by at least 55% by
2030

1 NewEU Strategy on Climate Adaptatimmmake Europe a climateesilient society by 2050,
fully adapted to the unavoidable impacts of climateange.

The MSFD is consistent with this Green Deal, and as seen I. the table attached, descriptors 1, 3, 4, 6
and 7 contain indicators relevant for this action.

BLUE CARBON

Europe needs to integrate blue carbon ecosystems into the policies for the mitigation of climate
change, and to give marine ecosystems the same relevance as terrestrial ones in this sense. The
European Parliament Intergroup @@limate Change, Biodiversignd Sustainable Developmethias

a Working Group on Biodiversity and Ecosystem Services. One of the conclusions in the first report
from this Working Group, after a seminar held in 2018, is that no EU country has any reference to
coastal ecosystems (andue carbon storage) in their National Determined Contributions. The
roadmap for inclusion of wetlands into the Regulation on the inclusion of greenhouse gas emissions
and removals from land use, land use change and forestry (LULUCF) by 2026 will hdktdcthg

role of these ecosystems at EU level and the national contributions (NDCs and national GHG
inventory submissions) by countries. Descriptors 1, 4, 5, 6 y 7 include relevant indicators for the
measurement of blue carbon sequestration in Europe.
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MARINE LITTER (PLASTICS AND MICROPLASTICS)

The problem with monitoring marine litter (Descriptor 10) is that it needs, as underwater noise
(Descriptor 11), novel monitoring programs that were not previously developed under any of the
previous Directives. There is appropriate spatial coverage awgiéncy of monitoring litter on the
beach. In the Nortieast Atlantic Ocean, ingested litter is also monitored systematically in seabird
strandings. A satisfactory degree of consistency in monitoring programmes is found in most marine
regions, and links tnternational and regional standards are clear. Most Member States refer to the
monitoring guidance developed by the MSFD Technical Group on Marine Litter, which provides the
necessanharmonization

Nevertheless, there are several arghat need urgenimprovement. For instance, litter monitoring

in the seabed and water surface and monitoring of midter is far from adequate. There is no
systematic and comparable monitoring of the impact of litter on marine animals and nature.
Localizatiorand the exent of human activities generating marine litter are often not covered by the
monitoring programmes in place.

Finally, there are no agreed baselines or thresholds for litter and Hitteo, which makes the
monitoring of progress towards good environmahstatus difficult. This will also affect the EU's
ability to meet internal ( Environment Action Programme to 2020, Circular Economy action plan)
and international commitments.

PROTECTED MARINE ECOSYSTEMS

Marine Protected Areas in Europe have been the subject, in some cases, prioritary, of several
Directives, mainly the Habitats Directive launched in 1992, but also the Birds Directive, the Marine
Natura 2000 development of the Natura 2000 abutective 2019/EU establishing a framework

for maritime spatial planning. The EU Biodiversity Strategy to 2020, launched in 2011, was created to
complete the establishment of the Natura 2000 network and ensure good management, and the
MSFD has the target to includepatial protection measures contributing to coherent and
representative networks of MPAs, adequately covering constituent ecosystems. Descriptor 1
specifically addresses the need to monitor habitat indicators and ecosystem structure indicators, and
Descripbrs 2 and 611 contain the indicators useful for assessing the Good Environmental Status of
pristine and protected ecosystems with regard to specific aspects such as alien species introductions
(D2) or competition for alternative uses (D10).
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3.Marine ecosgtem monitoring inMalaysia

3.1. Introduction

Malaysian marine ecosystem is among the most diverse ecosystem with wide range of
habitats such as mangrove, coral reef, mudflats, estuaries, and seagrass which encompasses of
42,330 knd of coastal zone, 4,675 km of coastline and 549,500drsea(Y usoff et al., 2006)These
marine ecosystems are extensively influenced by anthropimgectivities such as fishing, tourism,
marine transportation and port activities, urban development which generates significant economic
output for Malaysia and. In tandem with climate change, the increasing anthropogenic activities
results in environmetal damages such as coastal erosion, coral reef bleaching, water and plastic
pollution and depletion of marine resources from fishing activities which could lead to catastrophic
effects that can harm the population that is reliant on its resources. Owelydars, governmental
initiatives were undertaken to protect and conserve the marine ecosystem while managing marine
reliant economic activities through measures such as establishment of governmental agencies such
as Department of Fisheries, DepartmentEivironment, Malaysian Maritime Enforcement Agency,
and Marine Department. Furthermore, Malaysia is also signatory of various international
conventions that deal with marine ecosystem such as United Nations Convention on the Law of the
Sea (1982 https://www.un.org/Depts/los/convention _agreements/texts/unclos/unclos_e.jpdf
International Convention for the Prevention of Pollution from Ships (MARPOL) ,(1973
https://www.imo.org/en/About/Conventions/Pages/Internationdlonventionfor-the-Prevention
of-Pollutionfrom-Ships
(MARPOL).aspx#:~:text=The%20International%20Convention%20for%20the,2%20November%20197
3%20at%20IMP and Aichi Biodiversity Targets Convention of Biological Diversity
(https://www.cbd.int/sp/targets/).

However, any conservation and mitigation efforts require understanding of impacts at
ground level to ensure effective and inclusive measures can be implemented. Thisw#peport
on different aspects of documented works in marine ecosystem impact assessment in Malaysian
waters.

3.2. Situation on marine ecosystem impacts

3.2.1.Climate change

Climate change issue is potentially an existential level threat currently being Eacéuke
planet. Unprecedented level of anthropogenic activities has sped the rate of climate change and
ocean ecosystem is facing changes in terms of sea surface temperature, changes in marine
2NBIFYA&AYaQ RAA&GNR Climate ehghgds aRconBeljugriesBriniadne dcésysieni ©
structure and functioning that is essential for humanities survival. Therefore, research on climate
change in marine environment is important to understand the extent of changes and mitigation
measures that can be undeiten to protect the marine ecosystem.

Studies on climate change has been approached at various angles but the most common
approach is thru analysis of weather data such as sea surface temperature (SST), rainfall, annual
Co-funded by the This project has been funded with support from the European

x X Erasmus+ Programme Commission. This document reflects the views only of the author, 17
RSB of he European Union 7708 ComTesr camorbe e esperate or ey use e

619158-EPP--2020-1-CY-EPPKA2-CBHE-JP


https://www.un.org/Depts/los/convention_agreements/texts/unclos/unclos_e.pdf
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Prevention-of-Pollution-from-Ships-(MARPOL).aspx#:~:text=The%20International%20Convention%20for%20the,2%20November%201973%20at%20IMO
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Prevention-of-Pollution-from-Ships-(MARPOL).aspx#:~:text=The%20International%20Convention%20for%20the,2%20November%201973%20at%20IMO
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Prevention-of-Pollution-from-Ships-(MARPOL).aspx#:~:text=The%20International%20Convention%20for%20the,2%20November%201973%20at%20IMO
https://www.imo.org/en/About/Conventions/Pages/International-Convention-for-the-Prevention-of-Pollution-from-Ships-(MARPOL).aspx#:~:text=The%20International%20Convention%20for%20the,2%20November%201973%20at%20IMO
https://www.cbd.int/sp/targets/

N

(g 2,ecomarine
s D 1.1. Marine ecosystem monitoring in Malaysia and India

temperature, and greenhouse gasg&HG) over long term perio&igure ) (Aziz et al., 2016; dset

al., 2020; Tang, 2019)General findings reported on increase in SST, annual temperature and GHG
emissions that will negatively impact the ecosystem and the associated services. Measurement of
these parameters also yields prediction on future weather conditions thaabkn relevant
authorities to prepare to face or mitigate the climate change effects.
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Figure 1 GHGs emission of the energy sector from 1990 to 2011 in Mal§Yaiag, 2019)

For instance, Tang (2019) reviewed the observation data on mean daily temperaturemext
weather, rainfall, and mean sea level and predicted the future weather conditions. It is reported that
changes in annual mean temperature, occurrences of extreme weather events and mean sea level
are rising while rainfall shows variability. In a lateaper Tan et al. (2021) clearly showed that mean
and extreme temperature has been increasing since the last four decades, consistent with the global
increase. Whereas future projections point to continuous rise of temperature and mean sea level till
the end of the 21st century, highly variable rainfall, and increased frequency of extreme weather
events. Tangang et al. (2018) showed that mean temperature increases in Southeast Asia including
Malaysia by the end of the 21st century would be expected toabmund 4.50C above the pre
industrial level if the world fails to mitigate climate chandgg(re 2. Tangang et al. (2020) and
Supari et al. (2020) also projected significant changes of mean and extreme rainfall in decades to
come if warming increases bayd 20C [igures 3and 4). As such, climate change impacts
particularly on agriculture, forestry, biodiversity, water resources, coastal and marine resources,
public health, and energy. It was pointed out that mitigation of and adaptations to climate ehang
Malaysia revolve around policy setting, enactment of laws, formulation and implementation of plans
and programs, as well as global and regional collaborations, particularly for energy, water resources,
agriculture, and biodiversity. There are apparesttortcomings in continuous improvement and
monitoring of the programs as well as enforcement of the relevant laws.
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Figure 2. Projected increases of temperature averaged over Southeast Asia including Malaysia under
the worsecase emissioscenario of RCP8.5 (Tangang et al., 2018).
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Figure 3.The projected changes of rainfall for JuhdyAugust (JJA) and Decemblamuary
February (DJF) for middle emission scenario (RCP4.5) and-eesesemission scenario (RCP8.5) for
early, mid and late 21st century over Southeast Asia including Malaysia (Tangang et al., 2020).
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Figure 4.Projected changes of consecutive dry days (CDD, indicator of dryness and drought) over
Southeast Asia including Malaysia for the end of the 21st century under RCP8.5 scenario (Supari et
al., 2020).

Aside from overall approached in studying climate changmme researchers opted to
investigate the impact of climate change on selected ecosystem or economic activities for specific
understanding{Chewand Chong, 2016; Praveena et al., 2012hew and Chong (201&\vestigated
implication of climate change towards copepods d&rdveena et al. (2012¢viewed on impacts of
climate change on coral cover where it was reported that coral reefs in Malaysia agedseitaged
at an increasing rate where it faces natural and anthropogenic stresses. Thel9998bleaching
event also affected coral reefs in Malaysia due to climate change which portrays the future situation
on coral reefs.

The anthropogenic impacts arbasically aligned with bad practices which results in
increasing GHG emissions. The effort of energy sectors to cater for the demand in global energy
requirement results in ever increasing levels of GHGs. The Department of Environment together with
Ministry of Energy and Natural Resources Malaysia are constantly monitoring and taking preventive
measures towards curbing illegal and excess release of GHGs by industries and economic sectors to
mitigate future impact on climate change. Efforts are also devditgdicademics and researchers
from governmental and private institutions to conduct monitoring studies on climate changes and its
environmental impacts. Some organizations are also conducting awareness programs through
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corporate social responsibility platfms to educate common people on the impacts of climate
changes and also their role on maintaining the environment especially marine ecosystem. Many
studies have highlighted the impact of climate change towards marine ecosystem specifically
towards Malaysi.

3.2.2.0cean acidification

Ocean is the major sink for @@hich absorbs nearly 30% of atmospheric, Gdbwever, the
rapid and continuously increasing £€évels since the industrial revolution led to ocean acidification
where acidity increased (lower pH) and reduced carbonate ion levels due to oceanic absorption of
CQ. The main preparator for ocean acidification is human activities fossi{@addieiraand Wickett,
2003) Ocean acidification is among majtwreat towards marine organism and ecosystem and the
associated services that is valuable such as fisheries, aquaculture, and shoreline protection as shown
in Figure5 (Doney et al., 2020; Kapsenbengd Cyronak, 2019)

Various research focused on hydrological parameter measurement to study ocean
acidificationd a N £DEin$ &tJal., 2019; Rojamnawat and Snidvongs, 1999Rojanaanawat and
Snidvongs (199%tudied on dissolved oxygen and carbonate system in seawater in Gulf of Thailand
and the east coast of Peninsular Malaysiaey reported thatpycnocline water in the Gulf had the
chemistry that was distinctly different from the mixed layer as well as frompsabocline water in
the South China Sea near the mouth of the Gulf, even with the same depth. There were some
evidenceghat intermediate water in the South China Sea might flow into the Gulf along the central
axis and the coast of Vietham and Cambodia, and exited the Gulf along thtdlagi Peninsular
coast. The chemistry of deep water in the South China Sea off trst cb®estern Malaysia varied
its chemistry by a great deal among seasons which might be due to the prevailing monsoon.
Seawater in the Gulf of Thailand and South China Sea was supersaturated with respected to the
mineral calcite.

Acidification of water bdies in Malaysia with its high coastal human populations is under
enormous pressure from both climactic and anthropogenic drivers. Studies conducted in this aspect
found that in sampled locations acidification of ocean is occurring and the effect toviaeds
organisms such as marine microbes, organisms of calcifying groups (coral, sea urchin, mussel,
oyster), phytoplankton, fisifTan et al., 2019)CherrieTeh et al. (2016¢ompared the biochemical
components of tropical oysterCrassostrea belcherat two culture sites and reported that the
storage and the utilization of biochemical components of the oysters were observed to be different
at different culture sites which might be due to ocean acidification. These influences theomatri
and edible values of the oysters that could potentially affect the fisheries economy and
environmental conditions that is influenced by the ecosystem services provided the oysters. Aside
from that, the highly diverse habitats of coral reefs are suatgd to frequent coral bleaching events
with many reefs showing signs of degradation reflected in their loss in diversity and total coverage.
Reduction in pH values in ocean will lead to reduced calcification rate of calcifying species such as
coral whichcould lead to extinction events. Ongoing works in Malaysia revolves around the
measurement of hydrological parameters such as carbonatea@@g with studies on implication
towards organism during changes in pH for understanding the potential impalstsgbhenomenon
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Aside from investigating the ocean acidification and the ramifications, efforts are taken to
enhance the awareness on the impact of this phenomenon by Centre for Marine and Coastal Studies
(CEMACS), Universiti Sains Malaysia. In 2017 the Centre for Madn€aoastal Studies, Universiti
Sains Malaysia kick started an awareness aatitgnted programs engaging young professionals,
students, and management cohorts on specific issues of marine sustainable development affecting
the nation and the region whiledaressing Sustainable Development Goal 14 of the UN to the
regional and local scale. Furthermore, the Malaysian government has joined the Paris Agreement in
2016 with the goal of reducing GHG emission by 35% relative 2005 levels byH#36s et al.,

2019) The acceleratedecarbonizatioreffort will potentially reduce acidification of ocedMagnan
et al., 2016)
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Figure5. General trends in key community and ecosystem properties and processes in response to
ocean acidification in seagrass meadows, coral reefs, other carbonate reef ecosystems, and pelagic
food webs(Doney et al., 2020)

3.2.3.Blue Carbon

Blue carbon science broadly consistapplying carbon storage quantities in the habitats of
mangrove forests, seagrass meadows and salt marshes into climate change mitigation and carbon
accounting mechanismg&igure §. In Malaysia, the focus is mostly on mangrove blue carbon, with
sparse workinto seagrass blue carbon and only very few on macroalgal stoagensiderable
proportion of research(more than 19 studiesfrom since 200p has been dne in the Matang
Mangrove Forests (Perak) and for the seagrass meadows, the focus was mostlySamgfae Pulai
estuary (Johor).

The work byStankovic et al. (20213ssessed the contribution of seagrasses dmate
change mitigation in selected countries of Southeast Asia including Malaysia. The study reported

KR Co-funded by the This project has been funded with support from the European
£ x Erasmus+ Programme Coc;ntrr:liszion. This documenttt;eﬂr‘]ecltds the vievx_/ts)lorflly of the authr?_r,h 29
s : and the Commission cannot be held responsible for any use whicl
of the European Union may be made of the information contained therein.

619158-EPP-1-2020-1-CY-EPPKA2-CBHE-JP



N

(g 2,ecomarine
s D 1.1. Marine ecosystem monitoring in Malaysia and India

that the seagrass meadows of this region have the capacity to accumulatec5®8y n ¢ 3 / e Nb
which accounts for $214¢@49.4 million USD. This evaluatd® potential of conservation and

enhance restoration practices by highlighting them as natural way to combat climate change. On the

other hand, metaanalysis on mangroves ecosystem valuation including carbon sequestration under
baseline scenario betweer20002050 where the services valued at 4185 USD/ha/year and
continuous loss in mangrove ecosystem could lead to loss in US$ 279 million péBnapaler et al.,

2012) Most of the studies attempted to value the carbon storage capacity of the studied
environment to highlight the crucial role played in mitigating climate change.

Some of theMalaysiasources data had contributed to at least 7 articles for regighaibal
level analysis. Currently, the main policy document relevant to blue carbon, although not explicitly
specifying mangrove forests and seagrass meadows, relates to the Clhhatge Policy, Malaysia.
Although there have been attempts to include carbon accounting into REDD+ (Reducing Emissions
from Deforestation and forest Degradation, plus the sustainable management of forests, and the
conservation and enhancement of forest ban stocks) mechanisms, far more needs to be done
0ST2NB alflréeailQa ofdzS OFNb2y aiz201a OFry 6S AyoO:
and policylevel implementation.

Figure 6 Estimates of the economic value of blue carbon ecosystems per hectare. Data from ref.
(Nellemann et al., 2009nd references therein. Symbols and images are courtesy of the Integration
and Application Network, University of Marythn Center for Environmental Science
(ilan.umces.edu/symbols{Macreadie et al., 2019)

KR Co-funded by the This project has been funded with support from the European
Erasmus+ Programme Commission. This document reflects the views only of the author, 23

SEM of the European Union 71 e Conieson caniol b el espanii o any use e

619158-EPP-1-2020-1-CY-EPPKA2-CBHE-JP


























































































