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Message from the President of
The Asian Pacific Phycological Association
The Asian Network for
Using Algae as a CO2
Sink is a working
group that was formed
under the auspices of
t h e A P PA ( A s i a n
Dr. Wendy A. Nelson
Pacific Phycological
Association). The
network was initiated during the 4th Asian Pacific
Phycological Forum (APPF) in Bangkok, Thailand
in 2005. Korean delegates initiated this Working
Group and have led its programme. The group
comprises 16 members from 12 countries from the
Asia-Pacific region (Australia, China, Hong Kong,
India, Indonesia, Japan, Korea, Malaysia, New
Zealand, Philippines, Thailand and Vietnam). The
objective of the Network has been to collaborate in
research on the use of algae to remove CO2, and to
raise the profile and the potential use of algae,
thereby addressing problems associated with
global warming.
This initiative has had a number of benefits: the
development and enhancement of collaborative
relationships and research networks, the
enhancement of member parties national
programmes. It has also established an
international profile and increased awareness of
the key role of algae through participation in
international meetings. The APPA considers that
the Network has been a flagship Working Group.

A number of presentations, both poster and oral
presentations, as well as key note addresses have
been made at international conferences, and
scientific papers have been published in the peerreviewed literature. In addition training workshops
have been run (e.g., APPF Nov 2008 - Training
workshop on “Measurement of primary
productivity of marine macroalgae and
seagrasses”: manual prepared for the Asian
Network for Using Algae as a CO2 Sink and the
Asia Pacific Phycological Association by John
Beardall, Sung-Soo Jun and Slobodanka
Stojkovic), and there have been technical visits
between member parties.
Two of the main objectives of the APPA are to
“serve as a venue for the exchange of information
related to phycology, and to promote international
cooperation among phycologists and phycological
societies in the Asian Pacific region.” The APPA is
very pleased by the role that the Asian Network for
Using Algae as a CO 2 Sink has played in
contributing to these objectives.
Wendy A. Nelson
President – APPA
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The 6th Asian Pacific Phycological Forum, Yeosu, Korea
The 6th Asian Pacific Phycological Forum was
successfully held at The Ocean Resort, Yeosu,
October 9-14, 2011. The forum was hosted by the
Korean Society of Phycology under the auspices of
the Asian Pacific Phycological Association. More
than 400 delegates from over 19 countries of the
Asia-Pacific region participated in the forum. The
major theme of the forum was “Algae, the Future
Resources”, and there were 13 mini-symposia
deliberating various topics in phycology. The
working group members of the Asian Network for
Using Algae as a CO 2 Sink organized Minisymposium 9 to develop a blue carbon strategy to
combat global climate change.
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MS-9: Blue Carbon in Asian Pacific Region
(Geomundo A)
Conveners: John Beardall and Jin Ae Lee
Jin Ae Lee (School of Environmental Science
& Engineering, Inje University, Korea): Blue
carbon: The concept and role in the carbon cycle
John Beardall (School of Biological Sciences,
Monash University, Australia): Blue carbon in the
open ocean - the phytoplankton
Ik Kyo Chung (Department of Ocean System
Science, Pusan National University, Korea):
Recognition of kelp forests and seaweed beds as
blue carbon
Siew-Moi Phang et al. (Institute of Ocean and
Earth Sciences, University of Malaya, Malaysia):
Mangrove restoration
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The 6th APPF convened at The Ocean Resort, Yeosu, Korea, 9-14 October, 2011.
1. Prof. Put O. Ang, Jr. and Prof. Siew-Moi Phang at the welcoming party
2. Prof. Ik Kyo Chung and Dr. Jana Anggadiredja at the welcoming party
3. Dr. Wendy A. Nelson, the president of the APPA, and Prof. Chang Hoon Kim, the past president of the
Korean Society of Phycology.
4. Prof. Grevo S. Gerung at the session ‘Algal Biofuel & Biomass’
5. Prof. Sung Min Boo in the Plenary Lecture
6. Mr. Hack-Churl You (Pegasus International Inc.) participated in the Exhibition with seaweed pulp and biofuel.
7. Farewell party group photo with Korean Culture Performance Team members.
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The Side Event of the Asian Network for Using Algae as a CO2 Sink as Part of UNCCC
The Asian Network for Using Algae as a CO2 Sink
of the Asia Pacific Phycological Association,
Marine Research Institute, Pusan National
University, Korea, and Pegasus International Inc.
held an exhibition, entitled "Seaweed Solution Sink & Swim" at International Convention Center
(ICC), Durban, South Africa in the form of a
United Nations Climate Change Conference
(UNCCC) side event of the 17th session of the
Conference of the Parties (COP 17) and the 7th
Conference of the Parties serving as the Meeting
of the Parties to the Kyoto Protocol (CMP 7), 28

November - 9 December, 2011. The theme of the
exhibition was as following; The Korean project
‘GHG Emissions Reduction Using Seaweeds’
proposes seaweeds/kelp forests as blue carbon are
promising system as adaptation and mitigation
measures against global warming - Seaweed sink,
red algae pulp/paper and seaweed bio-fuel. The
5
exhibition was convened by Professors Ik Kyo
Chung (the side event organizer), Jin Ae Lee (the
secretary, the Asian Network for Using Algae as a
CO2 Sink), and Mr. Hyung Yong Choi (Pegasus
International Inc. personnel).
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8-9 The exhibition panel design and booth photo at the exhibition of side event held in COP 17. The poster presented by the Asian
Network for Using Algae as a CO2 Sink of the Asia Pacific Phycological Association, Marine Research Institute, Pusan National
University, Korea, and Pegasus International Inc. at the exhibition of side event held in COP 17.
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10 -18 Many professionals as well as government officials, businessmen and NGOs showed their strong interest in the exhibition.
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Blue Carbon and the Ocean Forest Project,
Bellona Foundation at UNFCCC COP 17, Durban
The Bellona Foundation, an international
environmental NGO based in Norway, organized
a side event at ICC, Durban, South Africa on Dec
2, 2011 during UNFCCC COP17. The side event,
titled "Blue Carbon and the Ocean Forest
Project", and the theme of the event was as
following; Oceans are important habitats for life
and act as a very important carbon sink.
Preserving coastal ecosystems such as mangroves
has shown to avoid emissions due to loss and
destruction while the cultivation of algae has
shown to be able to pull the CO 2 out for the
water. Such measures can help reduce the
impacts of climate change and ocean
acidification. New insights from sustainable
aquaculture practices have looked into how the
reuse of nutrients and growth of biomass can
provide a powerful climate mitigation option.
Bellona Foundation will present on their concept
for Integrated Aquaculture. IUCN will present
their on-going work on nature-based mitigation
through coastal carbon management and Pusan
National University will share results from their
experiment in farming seaweed as a climate
mitigation option.
The invited speakers were, Prof. Ik Kyo Chung,
Pusan University (PNU), Korea, Dr. Dorothée
Herr, IUCN, Blue Carbon Report, Luxenbourg/
USA, and Mr. Frederic Hauge, President Bellona
Foundation. Prof. Chung had the presentation on
“Recognition of kelp forests and seaweed beds as
blue carbon”, introducing the Korean Project,
GHG emissions reduction using seaweeds as a
CO 2 sink, and Coastal CO 2 Removal Belt
(CCRB) as mitigation and adaptation measures in
the context of climate change.
The side event was more elaborated as following
(http://www.bellona.org/articles/articles_2011/
oceans_blue) : This side event in Durban was
held due to a side event at COP14 in Poznan,
Poland where Mr. Haugue and Mr. Svend
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Søyland, Bellona’s adviser on international
energy and climate issues were present. At
COP14, they attended an event during which
South Korean Prof. Ik Kyo Chung from PNU
was speaking of his work on how greenhouse gas
emissions can be reduced with the use of algae,
seaweed and kelp. Prof. Chung presented
encouraging and positive results of his university
research on how seaweed farming can be a
mitigation tactic to reduce greenhouse gases that
would be released into the atmosphere. He
argued here in Durban that is very important to
establish a system within the international
climate regime where one could get certified
interim emissions reductions from algae growing
in the sea, as there are major climate gains to be
achieved via a solid focus on this type of marine
biomass. Along with Bellona and South Korea’s
Prof. Chung, Dr. Dorothée Herr of the IUCN was
also on the dais in Bellona’s conference room.
The IUCN is a recognized international
organization with a membership base of more
than 1,000 organizations and 10,000 scientists
and experts. “Climate negotiators should focus
on creating incentives for preserving marine
ecosystems such as mangroves, and punish those
who harm it,” said Dr. Herr to those assembles.
She pointed out that the oceans are very
important habitat, and that the process of carbon
bonding in water-bound saline plants is higher
than that of plants on land. Herr therefore
presented good arguments that mangrove forests
at sea should be implemented in the UN’s
REDD+ rainforest preservation mechanism at the
climate negotiations. Carbon sequestration at sea,
also called Blue Carbon, has 20 percent of the
potential that REDD has. “Mangrove binds much
carbon in the soil, and the IUCN will work for
this to get increased attention as an important
international climate measure,” said Herr.
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19. Prof. Ik Kyo Chung presented the recognition of kelp forests and seaweed beds as blue carbon at
the side event, "Blue Carbon and the Ocean Forest Project" by Bellona Foundation at UNFCCC
COP 17, Durban.
20. Mr. Frederic Hauge, Prof. Ik Kyo Chung, Dr. Dorothée Herr and Mr. Svend Søyland at the
discussion session (from left to right)

International Workshop
"Coastal Blue Carbon: Mitigation Opportunities and Vulnerability to Change"
Multi-purpose Hall, Yeosu Expo, 14 May, 2012
The objectives of this workshop are to: a) synthesize
the current status of scientific knowledge of the role
that coastal ecosystems play in climate change
mitigation, and to identify how this knowledge can
support management strategies and policy
decisions; b) identify the major gaps in knowledge
concerning coastal Blue Carbon that still need to be
addressed; c) analyze the major threats to coastal
Blue Carbon and how different damaging
anthropogenic practices as well as climate change
are responsible for causing greenhouse gas
emissions from these ecosystems, as well as eroding
the various ecosystem services provided; d) provide
Blue Carbon science-based policy recommendations
for the management of coastal carbon sinks; e) raise

awareness of successful coastal Blue Carbon case
studies around the world; and f) explore possibilities
for Blue Carbon policy, science and pilot projects in
the region of East Asia and set out a plan of action
for Blue Carbon in the region of East Asia. This
workshop is a part of the Second International
Symposium "Effects of Climate Change on the
World's Oceans", one of the official events related to
Expo-2012 Yeosu Korea to be held form May 12 –
August 12, 2012, under the theme “The Living
Ocean and Coast: Diversity of Resources and
Sustainable Activities” (http://eng.expo2012.or.kr/
eng/main.asp). The UNEP and Pusan National
University will partially support this workshop.
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MONDAY, May 14
Conveners: Gabriel Grimsditch (UNEP) and Ik Kyo Chung (KOREA)
09:00 ~ 09:10 Convener Introduction
09:10 ~ 09:50 Núria Marbà (Spain) : Vegetated coastal habitats as intense carbon sinks: Understanding
			and using Blue Carbon strategies (on behalf of Carlos Duarte)
09:50 ~ 10:10 Gabriel Grimsditch (UNEP) : The UNEP Blue Carbon initiative
10:10 ~ 10:30 Stephen Crooks (USA) : Predicting the response of coastal marshes and mangroves 		
			to sea level rise and human impacts: state of science and information needs
10:30 ~ 11:00 Break
11:00 ~ 11:20 Gail L. Chmura (Canada) : Assessing the permanence of Blue Carbon sinks with 		
		
rising sea levels
11:20 ~ 11:40 Gordon Ajonina (Cameroon) : Mangroves and carbon in West and Central Africa
11:40 ~ 12:00 Guanghui Lin (China) : Effects of tidal regimes, mariculture and restoration on 		
		
carbon pools and fluxes in subtropical mangrove ecosystems of China: Implications 		
		
for Blue Carbon managements
12:00 ~ 12:20 Ik Kyo Chung (Korea) : Kelp forest/seaweed bed as mitigation and adaptation 		
		
measure: Korean Project overview
12:20 ~ 12:30 Q & A Convener
12:30 ~ 14:00 Lunch
14:00 ~ 15:00 Discussion : Convener Round Table Panel Discussion
15:00 ~ 15:30 Discussion : Convener Open Discussion (Session 1)
15:30 ~ 16:00 Break
16:00 ~ 17:30 Discussion : Convener Open Discussion (Session 2) & Wrap up
17:30 ~
Workshop ends

UPCOMING EVENTS
Triton Sea Forests – Yeosu EXPO 2012
POSCO displays the firm’s efforts to preserve the ocean by creating the Triton Sea Forest, restoring coral
reef, mangrove, and clearing contaminated sediment. Triton is an artificial fish shelter, mainly made of
steel byproduct slag, and registered name of steelmaking slag for seaweed reef with the Korean Ministry
for Food, Agriculture, Forestry and Fisheries (MIFFAF) and Korea Fisheries Resources Agency (FIRA).
This provides optimum living conditions to seaweed and other marine creatures.
POSCO & RIST have constructed a seaweed forest on the Triton. The 1.4 ha Expo Seaweed Forests are
displayed in the POSCO Pavilion and the real-time CO2 monitoring in the forests showed the removal of
carbon. These underwater seaweed forests, which were designed after the shape of dolphin and smile, will
be open to public during the EXPO period near Geomundo. It takes about 2.3 hours from the Yeosu Ferry
Terminal to the exhibition site. Currently, seaweed beds are well established and show production of
seaweed biomass about 4 ~ 30 kg·m-2 on the reef. The dominant species are Ecklonia, Sargassum, Codium
and they showed about 90% coverage on the exhibition Triton reefs.
POSCO and RIST have developed a new reef construction technology using the Triton since 1998. The
pilot Seaweed A/R CDM farm was built close to the Triton reef area during the second stage of the
Project, “Greenhouse gas emissions reduction using seaweeds” from 2009 to 2011 at Pyungsan-1-ri,
6
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Namhae-gun, Gyungsangnam-do, Korea. With perennial seaweed, Ecklonia cava, planted on the midwater rope culture system, about10 tons of CO2· ha-1 · yr-1 could be removed within the pilot farm
boundary. The Project was supported by the Korean Ministry of Land, Transport and Marine Affairs
(MLTM), formerly Ministry of Marine Affairs and Fisheries (MOMAF).
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21-23. Types of Triton : Type A (left), Type T (middle) and Type Hybrid of Steel & Triton (right)
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24. Triton Seaweed Forest at Geomundo for Yeosu EXPO 2012
25. Project logo – ‘Triton Seaweed Forest’ designed after the shape of dolphin and smile
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26-28. The cartoon of seaweed forest by the Triton artificial reefs on muddy sediment in Namhae (left), photo of
the 4-month old reef (middle) and the Ecklonia cava forest after 18-month (right)

The 6th WOF – Seaweed Pulp from the Pegasus International Inc.
The 6th World Ocean Forum 2012 will be held June 4 - 6 at BEXCO and Yeosu Expo 2012 (http://eng.
expo2012.kr) and to bring together policy-makers, private bodies and stakeholders to launch a special
session and an exhibition to examine the future of rising marine bio-industry (http://www.wof.kr/eng/
index.asp). Mr. Hack-Churl You, the CEO of the Pegasus International Inc. will participate with his
product, seaweed pulp in the Special Session - Diverse Industrial Models of Marine Bioresource.
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The media and the Asian Network for Using Algae as a CO2 Sink,
The Asian Pacific Phycological Association
Professors Ik Kyo Chung and Jin Ae Lee discussed the kelp forests and blue carbon promises adaptation
and mitigation measures against global warming at UNFCCC Climate Change Studio, Climate ChangeTV, COP17, 6 December 14:20, 2011. In order to channel the dynamic and engaging views and ideas of
participants the secretariat continues to organize the "Climate Change Studio" - a platform that provides
an opportunity for participants to be interviewed briefly by a professional journalist on actions, solutions,
observations and issues that impact on climate change
(http://www.rtcc.org/climate-change-tv/
unfccc-videos/ik-kyo-chang-and-jin-ae-leepusan-national-university/).

Prof. Jin Ae Lee (left) and Prof. Ik Kyo Chung (right)
at Climate Change-TV interview on Dec. 6, 2011

COMMUNICATIONS
Australia
The algal biotechnology industry is growing in
Australia. A focal point for these is the BEAM
network (BEAM stands for Biotechnological and
Environmental Applications of Microalgae), led by
Professor Michael Borowitzka at Murdoch
University. In particular there is now a range of
groups with interests in algal biofuels, though
primarily these organizations are using micro- rather
than macro-algae.
The BEAM-RIRDC Algae Biofuels Group concentrates
on the development and commercialization of
sustainable biofuels from algae in Australia. The
group acts as a focal point for people interested in
development and commercialization of algal
biofuels. Major companies involved in the use of
algae for CO2 carbon capture and biofuels include

MBD Energy (http://www.mbdenergy.com/our_
projects.php), who are currently, with Queensland
government support, building a 1 hectare algal
biomass production facility coupled to CO 2
emissions from Tarong Power Station in Queensland,
and other facilities are planned. The Tarong plant is
hoped to capture about 700 tons of CO2 per hectare,
when fully operational and produce one ton of algal
biomass per day. Details of other commercial efforts
into the development of algal biofuels may be found
at the BEAM web site (http://www.bsb.murdoch.edu.
au/groups/beam/BEAM-RIRDC.html) but include
National Biodiesel Ltd, Muradel Pty Ltd., SQC Pty
Ltd and Aurora Algae (who have a demonstration
plant at Karratha in Western Australia).
(John Beardall)

China
Ocean stores more CO2 than terrestrial vegetation.
The ocean contains about 38,000 Gt-carbon, and
about 1.7±0.5 Gt is taken up annually from the
atmosphere. The production of phytoplankton at
50–100 Gt carbon annually is much higher than that
of terrestrial vegetation. Part of the carbon would be
8

released back into the atmosphere by respiration
process, and the remaining would descend into the
deeper ocean in the form of particulate organic
matter either by the death of phytoplankton or after
grazing. This sequestration process could be
enhanced by ocean fertilization. In addition, the
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decomposition of sinking organic matters could
produce other stronger greenhouse gases, such as
methane or nitrogen monoxide.
Phytoplankton can be thought of as marine and
freshwater plants that have higher photosynthetic
efficiencies than terrestrial plants and are more
efficient capturing carbon. By using VGPM and
Talling model, we studied the primary production of
phytoplankton from lakes located in the middle and
lower reaches of the Yangtze River. The mean
primary productivity was 0.139-0.381 g C·m-2·d-1 and
0.128-0.504 gC·m-2·d-1 in 1987-1991 and 2001-2005,
respectively. The mean fixed carbon amount via the
phytoplankton photosynthesis was 3,321.25 tC·d-1
during 1987 to 1991, and 3765.02 tC·d-1 during 2001
to 2005 by VGPM model.
The values of primary productivity by algae were
also studied in Changhai of Liaoning from January
2007 to October 2007, which were between 170. 27
- 1326. 20 mg C·m -2·d -1. The highest value of
primary productivity was recorded in summer, and
the lowest value was in winter. The carbon fixed by
phytoplankton in the China Sea is also estimated.
Dr. Hao showed that the annual quantity of fixing
carbon, based on the primary productivity data, are
estimated to be 8.4×106, 56.0×106, 104.6×106 tC·a-1 ,
48.3×106 tC·a-1 in the Bohai Sea, Yellow Sea, East
China Sea and northern South China Sea,
respectively. Based on the field monitoring results of

1998-2000, the mean content of fixed carbon by
shellfish in the Yellow Sea was 1.03×104 tC·a-1, the
mean content of fixed carbon by the integrated role
of plants and shellfish was 7.04×107t C·a-1, in which
the phytoplankton was dominating because of its
98% contribution rate to the primary productivity.
CO 2 sequestration by the marine planktonic
microalgae Nannochloropsis salina and Isochrysis
galbana as well as macroforms Gracilaria corticata,
Sargassum polycystum and Ulva lactuca was
estimated under laboratory conditions. The green
seaweed U. lactuca registered 100% utilization of
CO2 towards carbon fixation from the ambient water
up to 15 mg·L-1 and beyond that it declined to 60%.
The microalgae were able to utilize 27.7% of
dissolved CO2 at 15 mg·L-1, but did not show any
effect either for carbon fixation or for emission at
lower and higher levels. Gross primary productivity
of these algae was also not affected by increase in
the CO2 levels.
Owing to algal fast growth rates and their ability to
grow practically in any environment, algae are
possible the only biomass that can capture most if
not all the CO2 emitted by power plants and other
concentrated industrial sources worldwide.
(Preliminary report of the research on using marine
and freshwater algae as a CO 2 sink in China,
Wenming Huang and Zhengyu Hu)

India
India is a tropical country lies to the North of Equator
between latitudes 8°4' -37°6'N and longitudes 68°7'97°25'E. The country is bounded to the south by the
Indian Ocean, to the west by Arabian Sea and to the east
by Bay of Bengal. India has a vast coastline of more
than 7,500 km and an Exclusive Economic Zone (EEZ)
of two million square km. India has nine coastal states
and two major groups of islands such as Lakshadweep
group and Andaman & Nicobar group. Besides, it has a
huge brackish water area. Most of the people living in
the coastal areas are poor, underprivileged and mainly
depend on the fisheries and its related activities for their
daily livelihood. Since, their daily income is less than
Rs.100 (US$ 2) per day, many of them are involved in
various other activities such as coral mining and
indiscriminate seaweed harvesting from natural

resources. Most of these activities are undertaken in the
unscientific manners which damage the marine
ecosystem to a great extent. Since men folks venture
into the sea for fishing, the women sit idle at home
without any job. Thus the socio-economic condition in
the coastal areas of India is much different than the
other parts of the country. Most of these people belong
to low income group thus are prone to diseases,
malnutrition and other problems. Lack of job
opportunities in remote areas also force them to migrate
to nearby towns and big cities. Therefore, there is an
urgent need to empower these people economically,
especially the women through some alternate livelihood
programme. Seaweeds cultivation and utilization is one
of the alternatives which can create a large number of
employments in the coastal area especially for women.
9

Marine Algae cultivation in India towards Blue
Carbon Economy:
Realizing the importance of marine algae in the
changing scenario, in India we started an “All India
coordinated project on large scale seaweeds cultivation
and processing for livelihood generation in coastal
States and Union Territories of India.” This project was
funded by the Department of Science and Technology,
Government of India, New Delhi, India. A number of
universities, research institutes, NGOs and Self Help

Groups participated in the programme. We have
selected only 4 taxa such as Porphyra, Gracilaria,
Kappaphycus and Sargassum for large scale cultivation
and processing at different parts of the Indian Coasts.
Since seaweeds cultivation and processing is a new
programme in India, a number of people were trained
by our laboratory. Now we will be moving to the
second phase of the project from mid 2012 onwards
emphasising on bioethanol production from seaweeds
through integrated biorefinery.

ENVIRONMENTAL FACTORS
• Seawater temperature : (Range) 20°-34°C.
Temperature of surface seawater varies from 20°34°C. During winter season (Dec-Feb) and rainy
season (Aug-Sep) the temperature is reaches up to
20°C, while during summer session (May-July) the
temperature reaches up to 34°C.
• Salinity : (Range) 20-35psu
Salinity varies between 20-35psu depending on the
season and location. The lowest salinity of seawater

is recorded at 20psu during rainy season due to
heavy discharge of runoff. While in summer season
the salinity reaches up to 35psu. In general Bay of
Bengal has a lower salinity compared to the Arabian
Sea.
• Tidal Range : 0.41-5.86 m
The tidal amplitude of the western coast is higher
compared to some parts of the eastern coast.

ALGAL DISTRIBUTION PATTERN
The assemblage, distribution and abundance of
Indian seaweeds varies with coastal habitat
(dependent on topography), substratum,
geomorphology and tidal amplitude coupled with
other prevailing biotic and abiotic factors. So far 770
species of seaweeds have been reported from
different parts of the Indian coast which includes 184
species of green, 166 of brown and 420 species of
red (Sahoo et al. 2001). Seaweed flora of Indian
coast is very distinct and dominated by tropical

10

species. Certain species such as Sargassum swartzii,
S. johnstonii, S. prirsmaticum, Cystoseira indica, C.
myrica, Hydroclathrus tenuis, Porphyra indica and
P. okhaensis are endemic to Saurashtra (western)
coast. On other hand Sargassum wightii, S.
aquifolium, S. turneri, Gracilaria disticha, G.
pygmaea are confined to eastern coast. Gracilaria
e u c h e u m o i d e s , S a rg a s s u m s c h e r z e r i a n u m ,
Turbinaria condensata and T. decurrens are endemic
to the Andaman- Nicobar Islands.
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Regional distribution and abundance of seaweeds
Table 1. Species composition encountered during
different surveys along the Indian coast.
State

Gujarat

Gujarat
(subtidal)

Maharashtra
Karnataka
Kerala

Tamil Nadu
(intertidal)

Green
29

Brown

Red

Nil
11

16
13

Total
92
35

11

14

36

3

17

33

10

16

42

113

83

225

421

8

8

12

28

Andhra Pradesh

23

Nil

34

64

Orissa
(Chilka lake)

9

7

8

Nil

6

14

33

10

39

82

18

15

18

51

29

15

11

55

11

11

5

27

27

14

29

70

Tamil Nadu
(subtidal)

West Bengal

Lakshadweep
Islands

Great Nicobar
Island

South Andaman
Islands
Middle and
North
Andaman
Islands
Diu

5

14

Table 2. Standing crop of seaweeds along
different coastal states of India
State

Gujarat

Standing crop

Maharashtra
Goa

Kerala

105,603
20,315
2,255
1,000

Tamil Nadu

324,883

Orissa
(Chilka lake)

269,705

Andhra Pradesh

Lakshadweep Islands
Andaman
& Nicobar Islands

7,500

4,95510,077
26,048

Note : All values are in tons
(fresh weight)

Dominant Species

Ecologically important species

Economically important species

Enteromorpha intestinalis
Ulva lactuca
Chaetomorpha linum
Sargasum wightii
Gracilaria verrucosa

Enteromorpha intestinalis
Ulva lactuca
Chaetomorpha linum
Caulerpa racemosa
Halimeda tuna
Padina stromatica
Sargasum wightii
Turbinaria conoides
Ceramium sp.
Gracilaria verrucosa

Porphyra vietnamensis
Gelidiella aceosa
Gracilaria verrucosa
Kappaphycus alverazii
Sargassum wightii
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SEAWEED INDUSTRY
Table 3. Production of major mariculture species
Sargassum sp.

2,250 tons per annum (Wild harvest)

Gracilaria sp.

215 tons per annum (Wild harvest)

Turbinaria sp.

307 tons per annum (Wild harvest)

Gelidiella sp.

232 tons per annum (Wild harvest)

Kappaphycus sp.

Benefits of Seaweed Cultivation

100 tons per annum (Cultivated)

Seaweeds Cultivation Activities in Different
Parts of Indian Coast

• Seaweed farms acts nutrient sink
• Seaweed farms increase the primary productivity
•The farms act as habitat for certain fish, prawns
and shellfish
• Seaweed farming provides a sustainable lively
hood
• In many cases women are involved in seaweeds
farming
• M any old people are engaged in tying and
drying of seaweeds
• Since it is a sustainable and lucrative business,
it prevents migration
• Since seaweeds are cash crops, it gives instant
money to the farmers
• In many island nations, these seaweeds have
become the crops with highest export earnings

INFORMATION RELEVANT TO APPA DATABASE
List of publication on carbon sequestration :
Sahoo D, Elangbam G and Devi SS. 2012. Using algae for carbon dioxide capture and bio-fuel
production to combat climate change. Phykos 42: 32 – 38.
Chung IK, Beardall J, Mehta S, Sahoo D and Stojkovic S 2011. Using marine macroalgae for carbon
sequestration: a critical appraisal. J. Appl. Phycol 23:877-886.
(Dinabandhu Sahoo)
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Indonesia
Diversity
Indonesia is an archipelago located between Asia and
Australia continents and Pacific and Indian oceans.
Consequently, both oceans have affected the
diversity of seaweed species. It possesses largely
coral reef coastline, more than 81,000 km in length
of coastal line and occupies an area of 8.5 million
km2. The archipelago consists of 17,000 islands.
Kalimantan is the biggest island follow by Papua,
Sulawesi, Sumatera and Jawa island respectively.
Many islands characterize part of coastline is a large
and suitable environment for seaweeds.
Important background on seaweeds is obtained from
reports of earlier expeditions, like the Siboga
Expedition (1899-1900), the Danish Expedition to
the Kei Island (1922), the Snellius-II Expedition
(1984-1985) and the Bugenesia Programme (19801988). During the Siboga Expediton, Weber van
Bosse reported more than 700 species of Indonesia
macroalgae. Recently, more than 1,000 species of
Indonesia seaweeds were reported including new
species and new record (e.q. Hatta and Prud’home
van Reine 1991; Verheij 1993; Atmadja et al. 1996;
Gerung and Yamamoto 2001; Gerung 2004; Gerung
et al. 2006; Kim et al. 2011)
Seaweed Production
In the future, global warming issues in land plant
management may be possible to move to sea plant
management issue since marine botany, including
seaweed, becomes important plant as a blue carbon
and energy sources as an end product. Since 2003,
Indonesia has been decided to focus on seaweed
cultivation as a main target of marine resources
beside tuna fish and shrimps. About 2.1 million
hectares of seawaters were prepared for seaweed
cultivation and 1.8 million tons of wet seaweeds
were harvested in 2008.
To support the fisheries culture programs, including
seaweeds as a main program, the Ministry of Marine
affairs and Fisheries has formulated the Indonesia
Vision as the largest producer of fisheries and marine
products in 2015. For this, the Ministry of Marine
and Fisheries has established the production program
of 2014 as much as 10 million tons of wet weight in
which it could be attained based on significant
increase in seaweed production data from year to year.

In the period of 2002 – 2007, the production of
seaweeds increased about 48.4 percent per year, from
278 thousand tons in 2002 to 1.73 million tons in
2007, whereas its values increased about 91.3
percent. Main provincial seaweed production carried
out by South Sulawesi and East Nusa Tenggara
showed that each production reached 36.5 percent
and 29.2 percent, respectively, of the national
seaweed production from aquaculture. It was
predicted to rise to 2.7 million tons wet weight in
2010, then 3.5 million tons in 2011 and 5.1 million
tons in 2012. The seaweed production will
continuously be raised to 7.5 million tons in 2013
and to the target of 10 million tons wet weight in
2014 (Nikijuluw et al. 2009, MoMAF 2010).
To reach the target, enormously serious attention
should be taken by considering various aspects
relating with efforts to increase the production. The
potency of mariculture area, regarding species
diversity, human resources and the geographic
position of Indonesia are four potencies possessed by
Indonesia to be able to raise the seaweed production
which important for seaweed issue as blue carbon.
Kappaphycus, Eucheuma and Gracilaria is the target
species generally cultivated in Indonesia. Gelidium is
one of Indonesia agarophytes harvested from natural
population along the south coast of Indonesia. All
species can growth in both ocean but different size
and growth rate. Recently seaweed industry can be
replacing wood paper with seaweed paper containing
red algal pulp and also produce ethanol. Seaweeds
have much faster growth rates than forest tree. The
idea was to set up algae farms covering thousands of
square kilometers from the coastline to the open
ocean.
Trial was beginning from four new cultivation
species, Gelidium sp., Pterocladia capillacea,
Porphyroglossum sp. and Ptilophora sp. All species
have become economically important seaweeds as
sources of raw material for the extraction of agar and
ethanol and the thallus consists of much fiber for
pulp. Indonesian government was supported the
cultivation of Gelidium imported from Korea as a
raw material for pulp and bio-ethanol through
Pegasus Int. Inc., Korea. This Gelidium from Korea
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shown their adapted and grown a year in tropical
seawater south coast of Indonesia. However,
cultivation technology is necessary to in increase
their growth rates.
Various solutions to the problem of against global
warming have been proposed. Seaweeds are not only
as a marine resource that enables to contribute to the
increase in coastal community economy and national
revenue through exports, but also provide large
working opportunities people in developing countries
either as cultivars or labors in industrial processing.
The ability of seaweed as CO2 sink also puts the
seaweed as an important marine resource in global
warming issues.
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New Zealand

Research has been underway over the past eight
years to document the calcified coralline macroalgae
in New Zealand. Calcified macroalgae are vital
components of nearshore ecosystems in tropical and
temperate systems through 1) their contributions to
carbon cycling and productivity, 2) provision of
habitats and their associated biodiversity, 3) their
association with recruitment processes, and, 4) as
components of coral reef structures. In addition,
calcified algae offer the potential to serve as
paleoclimate proxies, and sources of biomaterials.
These slow growing organisms are vulnerable to a
range of human-induced changes. The consequences
of ocean acidification - increasing sea surface
temperatures and fundamental changes in the carbon
chemistry of seawater due to CO2 emissions from
anthropogenic activities - will have serious impacts
on calcifying macroalgae.
The research project “The vulnerability of rhodoliths
to environmental stressors and characterization of
associated biodiversity” will be completed shortly.
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Rhodoliths are free-living calcified red algae, which
occur worldwide, forming structurally and
functionally complex benthic marine habitats.
Rhodolith beds form unique ecosystems with high
benthic biodiversity supporting many species,
including some that are rare and unusual. Recent
international studies show that these algae are at risk
from the impacts of a range of human activities e.g.,
physical disruption, reduction in water quality,
alterations to water movement, and aquaculture
installations. Impacts of fragmentation may be
critical in terms of biodiversity and abundance
associated with rhodolith beds.
This programme seeks to improve knowledge about
the location, and ecosystem functioning of rhodolith
beds in New Zealand. In addition to field-based
ecological studies a series of experiments have been
conducted to examine the impact of a range of
stressors, including ocean acidification and
temperature, on two rhodolith species.
(Wendy Nelson)
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Vietnam
Algae biofuel in Vietnam: Potential and Challenges
Biofuel production is now the focal point of world
attention due to rapidly escalating demand for crude
oil, major security concerns over supply and the
environmental damage associated with crude oil
extraction, processing and consumption. Algal
biofuel in Vietnam consist of bioethanol from macro
algae (seaweeds) and biodiesel from microalgae
(both fresh and marine microalgae). Vietnam has a
diverse algae flora. The total number of algal species
along the Vietnamese coast, including off-shore
Island, is estimated to be nearly 1,000 spp. About
639 species of algae (269 Rhodophyta, 143
Phaeophyta, 151 Chlorophyta, and 76 Cyanophyta)
have been identified. The major economically
important algal groups can be used for food and feed
(humans and animals), fertilizer, traditional
medicine, biofertilizers, and biofuels.
According to obtained results of projects belonging
to biofuel development of Vietnam until 2015 and
vision 2025, there are 40 species of high biomass
with from 35.50 to 600.00 dw g·m-2 based on the
extensive resource survey along the Vietnam coast in
2009-2011 such as typical genera of Gracilaria,
Gracilariopsis, Hypnea, Kappaphycus,
Chaetomorpha, Cladophora, Caulerpa, Ulva,
Turbinaria, Sargassum, Hormophyra. Among them,
there are dominant nine species are cultured on the
large commercial scale with their production of 2.0
to 27.4 dw t·ha -1·yr -1 depend on each species.
Currently, about 57.045 dry tones seaweeds or
285,218.1 wet tones have been harvested every year
in Vietnam. The carbohydrate content in their
biomass ranges from 39.8 to 63.6% of dried weight.
Potential area for aquaculture and seaweeds
exploitation are 555,814 ha with production yield 2.5
millions dw t·yr-1 in 2015. In general, Vietnam has
ability to meet the demand for suitable raw materials
for bioethanol production at lower price of 4,000 VN
D/dry kg (US$ 30 cent per dry kg) concerning with
green seaweed such as Ulva, Chaetomorpha,
Cladophora.

transesterification reaction. The production of a fast
growing, high lipid strain of algae that can be mass
cultivated under controlled and engineered
conditions will have overwhelming appeal as an
feedstock for biodiesel production.
We have successfully isolated local, indigenous
strains of microalgae which could be preferable for
microalgal lipid culture in biodiesel production. Our
key objective is to maximize the cellular lipid
content of selected strains of local microalgae which
have a high biomass yield in engineered intensive
bioreactors, on algal growth in photobioreactors
PBRs – the natural choice as microalgae are
phototrophic, utilizing light and CO 2 for the
production of energy and biomass via
photosynthesis. The obtained results indicated that
some species of Tetraselmis, Nannochloropsis,
Chlorella genera and some marine heterotrophic
algal species such as Schizochytrium spp. are
potential materials for biodiesel in Vietnam. In this
report, potential and challenges of algal biofuels in
Vietnam are presented and discussed.
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In the global energy crisis context, biodiesel has core
advantages over mineral diesel in that it is
renewable, biodegradable, clean-burning, non-toxic
and carbon neutral with respect to carbon dioxide
related climate change. Microalgae produce cellular
storage lipids in the form of triacetylglycerols
(TAGs) which can be readily converted to fatty acid
methyl esters (FAMEs) via a simple chemical
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