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1. Summary 
 
Seagrasses provide the foundation of submerged coastal grassland ecosystems around the world 
but are threatened worldwide by human activities, with almost 30% of seagrass global cover lost 
since the late 19th century. Seagrasses provide multiple ecosystem services, particularly in the 
developing world. Yet obtaining an accurate understanding of seagrass status, trends, and 
responses to global change has been challenging due to the fragmented nature of available data. 
The time is opportune for a new scientific synthesis and coordination of global seagrass research 
activities toward this goal. We propose a series of SCOR workshops to organize and synthesize 
existing data in a scientific analysis of seagrass ecosystems under global change and provide a 
framework for an ongoing observation program of seagrass cover and composition as an 
Essential Ocean Variable. Our Working Group engages a diverse community of scientists and 
stakeholders to (1) integrate existing seagrass monitoring and analysis efforts into a unified, 
global community of practice that incorporates diverse data types and informs diverse end users; 
(2) establish common protocols and best practices for seagrass data collection, curation, and 
sharing, collated in a multi-media handbook of accepted protocols and best practices; (3) 
integrate existing and ongoing seagrass data collection into international, open-access portals, 
with common frameworks for data vocabulary, metadata, management, and service to 
stakeholders; and (4) collate and analyze existing data on seagrass occurrence and composition 
to publish a scientific synthesis of current status, trends, and drivers of change in global seagrass 
systems as an open-access publication in the peer-reviewed literature. 
 
 
2. Scientific Background and Rationale  
 
2.1. Global status of seagrass ecosystems 
 
Seagrasses provide the foundation of submerged coastal grassland ecosystems around the world. 
They are among the most productive natural habitats on land or sea [1], store substantial 
quantities of carbon, and provide humanity with fishery habitat, coastal protection, erosion 
control, and other services [2]. Seagrass nutrient cycling services alone have an estimated value 
of nearly $2 trillion per year [3], and Indonesian seagrass meadows provide fishery nursery areas 
that contribute an estimated 54% to 99% of daily protein intake for local communities [4]. 
Seagrasses also serve as early warning indicators of anthropogenic perturbations in the coastal 
zone due to their sensitivity to changing water quality and fishing activities [5].  
 
These important habitats are threatened worldwide by human activities: the best available data 
indicates that almost 30% of seagrass global cover has been lost since the late 19th century [6] 
and 22 of the world’s 72 seagrass species (31%) are in decline [2, 7], a trend widely considered a 
global crisis [8]. Recognizing their importance, the Global Ocean Observing System (GOOS) has 
proposed seagrass cover and composition as one of seven Essential Ocean Variables (EOVs). 
The EOVs are defined on the basis of societal importance as reflected in reporting requirements 
for the international conventions and agreements that shape policy responses to global change 
[9]. These include the Ramsar Convention on Wetlands, the Convention on Biological Diversity, 
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and the UN Sustainable Development Goals (particularly SDG 14, Conservation and sustainable 
use of the oceans and marine resources), among others.  
 
Despite the importance of seagrasses to coastal ecosystems, economies, livelihoods, developing 
coordinated systems for observing their status and trends have been challenging for several 
reasons. First is the fragmented nature of available in situ data. Numerous local and regional 
monitoring programs collect data on seagrass cover and ecosystem characteristics, and several 
regional to global programs exist. The latter include Seagrass-Watch [10, 11], SeagrassNet [12], 
and the relatively new MarineGEO program led by the Smithsonian Institution. Together, these 
programs have engaged hundreds of scientists and thousands of citizens in collecting data 
relevant to assessing seagrass occurrence and composition. But such programs often have 
different objectives, employ a range of methods, and measure different variables, making inter-
comparison and scientific analysis difficult. A second challenge is that field sampling is biased 
geographically, concentrated in North America and western Europe around major scientific 
organizations. As a result, existing syntheses of seagrass occurrence necessarily rely heavily on 
interpolation of expert knowledge and low-resolution point-based occurrence sampling, whereas 
seagrass extent is more difficult to quantify, and resolution is especially low in the regions where 
seagrasses are most diverse such as the western Pacific.  
 
2.2. New opportunities in seagrass science and conservation 
 
Several converging trends create a promising opportunity to assemble a more geographically 
comprehensive and highly resolved understanding of global seagrass status, trends, and drivers 
of change. These include innovations in remote sensing; engagement of citizen scientists in field 
data collection; and growing community consensus around the need for standardization of 
sampling protocols, data management, and sharing. Our proposed working group (WG) aims to 
integrate and coordinate remote sensing and in situ sampling programs toward a more powerful 
scientific synthesis of global seagrass distribution and ecosystem characteristics. The WG will 
build toward this goal by coordinating a global community of seagrass ecosystem researchers 
and managers toward consensus on standard approaches in collecting and organizing data on 
seagrass cover and composition, and a new analysis of those data. The WG will have the 
secondary benefit of providing a scientific foundation to advance seagrass cover and composition 
as an Essential Ocean Variable.  
 
We propose a series of SCOR workshops to organize and synthesize existing data in a scientific 
analysis of seagrass ecosystems under global change and provide a framework for an ongoing 
observation program of seagrass cover, biodiversity, and ecosystem characteristics. Our Working 
Group engages a diverse community of scientists and stakeholders toward these goals to (1) 
integrate existing seagrass monitoring and analysis efforts into a unified, global community of 
practice that incorporates diverse data types (in situ sampling, remote sensing, etc.) and informs 
diverse end users, including decision makers, resource managers, educators, scientists, and the 
public; (2) establish common protocols and best practices for seagrass data collection, curation, 
and sharing, collated in a multi-media handbook of accepted protocols and best practices; (3) 
integrate existing and ongoing seagrass data collection into open-access portals, with common 
frameworks for data vocabulary, metadata, management, and service to stakeholders; and  (4) 
collate and analyze existing data on seagrass occurrence and composition to publish a scientific 
synthesis of current status, trends, and drivers of change in global seagrass systems as an open-
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access publication in the peer-reviewed literature. The proposed workshops will establish the 
community to continue the process into the future, and several participating institutions are 
committed to supporting achievement of the long-term goals.  
 
2.3. Rationale for a SCOR working group 
 
The time is opportune for a new global scientific assessment of the status, trends, and drivers of 
change in seagrass ecosystems, based on synthesis of the heterogeneous and fragmented existing 
data on seagrass occurrence and coordination of ongoing research and monitoring. Achieving 
such a synthesis requires engaging expertise in seagrass physiology, field ecology, remote 
sensing, database architecture, geospatial science and mapping, and social science. The proposed 
WG brings together a group spanning this expertise. We will organize and link existing seagrass 
data and field programs with global databases to improve accessibility and interoperability of 
seagrass data, and build a foundation for coordinated, global seagrass observations by 
establishing consensus on a common set of protocols and best practices for field sampling and 
data management. These activities will foster a new quantitative analysis of the drivers of change 
in seagrass systems and will have the secondary benefit of testing approaches to implement 
quantification of seagrass cover and composition as an Essential Ocean Variable.  
 
Candidate protocols and best practices have been developed, vetted, and formalized by Seagrass-
Watch, SeagrassNet, the Zostera Experimental Network [13, 14], and other programs, providing 
a set of demonstrated cases available as a foundation for a global community of practice. 
Application of satellite remote sensing [15, 16] and lightweight drone technology [17, 18] 
demonstrate the ability to obtain high-resolution maps of seagrass distribution and resolve 
variation in abundance, offering promise in linking regional and global-scale cover mapping with 
strategically sited in situ measurements. It will be important to understand the capabilities of 
present remote sensing efforts and technologies to conduct regional assessments on the health 
and cover of seagrass communities. Satellite images collected over the past 30 years provide an 
important basis for evaluating change. More satellite data are now available than ever before, yet 
it is not clear how this technology can be leveraged with new unmanned airborne systems and 
field efforts to evaluate scientific questions on seagrasses. WG Members Frank Muller-Karger 
and Heidi Dierssen bring experience in these areas to the WG. 
 
Moreover, the accessibility of shallow-water seagrass meadows and their importance to local 
fisheries and ecosystems makes seagrass systems prime targets for application of citizen science 
monitoring, as done by Seagrass-Watch and the Seagrass Spotter phone app1, co-developed by 
WG Associate Member Richard Unsworth. There is considerable potential to expand and 
integrate these activities, streamlining efforts and adding value to separate programs. This WG  
is poised to conduct a comprehensive synthesis of the changing distribution of global seagrass 
habitat, and the drivers of these trends. This process will also advance implementation of the 
seagrass EOV envisioned as part of GOOS.  
 
 

                                                 
1 See: https://seagrassspotter.org/  
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3. Terms of Reference  
 
The objectives of the SCOR C-GRASS Working Group are: 
 
Objective 1: Organize an interdisciplinary community of practice to synthesize data on status, 
trends, and drivers of global change in seagrass ecosystems, building on and integrating existing 
resources. 
 
Objective 2: Produce a handbook of standard protocols and best practices for collecting, 
curating, and sharing data on seagrass ecosystems among scientists and stakeholder groups, 
building on existing experience of scientists and end-users in management and conservation, and 
contributed to the Ocean Data Standards and Best Practices Project of IODE.  
 
Objective 3: Promote development of standardized vocabularies for variables and data schemes 
specific to seagrass ecosystems, and integration of existing and new data into the Ocean 
Biodiversity Information System (OBIS) using the EVENT-DATA schema [19].] 
 
Objective 4: Produce a scientific synthesis of status and trends in global seagrasses and the 
systems they support, via a comprehensive review of peer-reviewed and gray literature on 
seagrass occurrence, ecosystem characteristics, and benefits to human well-being.  
 
 
4. Working plan 
 
4.1. Objective 1: Organize an interdisciplinary community of practice 
 
A rigorous analysis of how and why seagrass systems are changing on a global scale requires a 
coordinated effort, structures to manage ongoing data input and access to maintain inter-
comparability, and engagement of a group with diverse geographic origins, disciplinary expertise 
and knowledge of the needs of policy- and decision-makers. To begin, we will focus on linking 
the web portals of the Seagrass-Watch, SeagrassNet, the Ocean Data Viewer, and MarineGEO 
networks, leveraging resources already invested in them and the continuing support of their 
secretariat institutions. Working Group members, including the UN Environment World 
Conservation Monitoring Centre (UNEP-WCMC, with leadership from co-chair Weatherdon) 
will assist in engaging end-users of the information products from the policy community, and in 
developing a communications strategy. UNEP-WCMC’s existing seagrass layer has been used 
for environmental sensitivity mapping, marine spatial planning, high-level screening of 
biodiversity risk [20], and blue carbon assessments, and its application to ecosystem-based 
adaptation to climate change is in progress.  
 
4.2. Objective 2: Produce a handbook of standard protocols and best practices 
 
A key component of coordinating monitoring across a distributed network is common protocols 
and best practices. Ensuring that seagrass data are comparable across space and time requires 
community consensus on the core measurements and protocols for collecting and integrating 
them. These include in situ survey methods [21], remote-sensing approaches [16], and sampling 
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designs for achieving data that is fit to purpose, with acceptable error variance. The Working 
Group will collate, analyze, and update existing seagrass-related protocols to produce a multi-
media handbook, linked to training videos and other online resources, that includes accepted 
methods for field data collection, data management, and curation. Protocols will be structured 
hierarchically, with a small core set of variables that can be integrated with remote sensing data 
and allow for repeated measures. Major criteria for variables will include fitness for purpose, i.e., 
the ability to provide information of appropriate resolution, quality, and scale to capture seagrass 
trends relevant to reporting requirements of nations and decision-makers.  
 
4.3. Objective 3: Promote development of standardized vocabularies and data schemas 
 
Rigorous comparison of data among programs requires a common language. The new EVENT-
DATA OBIS schema uses a standard Darwin Core set of terms and accommodates sampling 
descriptions, environmental data, and biodiversity records. But using it requires developing a 
standardized set of vocabulary terms for seagrass-related data. The WG will develop and compile 
this vocabulary in close collaboration with OBIS under leadership of WG Full Member and 
OBIS co-chair Eduardo Klein.  
 
The WG will promote integration of a substantial body of records of seagrass cover and species 
composition into OBIS. WG Member Short will make available data from the SeagrassNet 
program he founded in 2001, which includes data from 33 countries. The Smithsonian-led 
MarineGEO program (led by co-Chair Emmett Duffy) networks 13 sites and counting worldwide 
and will contribute seagrass and environmental data from this effort. We will also work with 
Seagrass-Watch to integrate as much data as possible from its sources.  
 
Data access and ownership are key issues in the emerging networked data ecosystem. We will 
promote availability of as much seagrass data as possible, as close to open access as possible, 
while respecting needs of data providers. We will build on the experience of Seagrass-Watch, 
which provides a model for a tiered system of data sharing that respects the ownership of raw 
data, while making detailed summaries available via open access portals.  
 
4.4. Objective 4: Produce a scientific synthesis of status and trends in global seagrass systems 
 
A central goal of the Working Group will be to assemble the existing data on global seagrass 
cover, condition, and trends into an updated scientific assessment, building on previous 
assessments of global seagrass occurrence [22]. The data will be analyzed with ocean 
environmental data layers and data on human activities in an analysis of drivers of change in 
global seagrass occurrence. The results will be published in peer-reviewed paper(s) and 
integrated into the UNEP-WCMC Ocean+ initiative, which maintains a database of seagrass 
cover and produces maps and knowledge products that directly inform decision-making 
(available through Ocean Data Viewer2), including the Global Distribution of Seagrasses3, 
curated on behalf of numerous contributors (including WG member Short). The synthesis will 
build on WG Member Muller-Karger’s methods to map seagrasses using satellites [15]. And 

                                                 
2 Available at: http://data.unep-wcmc.org.  
3 Available at: http://data.unep-wcmc.org/datasets/7. 
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recent progress and frontiers in quantification of seagrass ecosystem services [23, 24], and WG 
Member Unsworth’s ongoing global synthesis of seagrass trends.  
 
4.5. Timeline 
 
Working Group meetings will be held in association with international conferences and we will 
work to leverage other funds to cover costs of participants; several participating institutions have 
offered financial or in-kind support.  Possible venues for meetings include OceanObs19 in 
Honolulu, USA (2019); the 14th International Seagrass Biology Workshop (2020, venue not yet 
scheduled); regional symposium of the Blue Carbon Project in the Philippines (date not yet 
chosen).  
 
Month 1: Working Group meeting 1. Hone goals, assignments of subgroups with leads for each 
of the four objectives. Begin identification of data sources (Objective 1), discuss and analyze 
standard protocols and best practices (Objective 2).  
 
Month 1-12: Subgroups work on collation of data and assessment of needs for integrating into 
common framework (Objectives 1,3) and converge on best practices for handbook (Objective 2).  
 
Month 12: WG meeting 2. Present draft of best practices document (Objective 2) and data 
schema (Objective 3) for discussion by WG. Review data assembled and outline synthesis 
paper(s) (Objective 4).  
 
Month 12-24: Integrate sample data sets into OBIS using draft schema (Objectives 1,3). 
Continue work on best practices (Objective 2) and synthesis paper(s) (Objective 4).  
 
Month 24: WG meeting 3. Complete best practices handbook (Objective 2) and synthesis papers 
(Objective 4). Report on data integration (Objectives 1, 3), challenges, and plans.  
 
Month 24-36: Subgroups finish work on all four objectives.  
 
Month 36: Meeting of selected WG members, lead authors, and data architects, to synthesize 
results toward the Objectives, finish products, and develop plans for long-term advancement.   
 
 
5. Deliverables  
 
(1) Hold a town hall meeting at the Ocean Sciences meeting (and potentially others) to announce 
the Working Group effort and solicit broad input. Contributes to delivering Objective 1.  
 
(2) Produce a peer-reviewed handbook of standard protocols and best practices for seagrass field 
measurements and data management, published and contributed to the Ocean Data Standards and 
Best Practices Project of IODE. Delivers Objective 2.  
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(3) Integrate existing seagrass data, and ongoing monitoring data, into the Ocean Biodiversity 
Information System (OBIS) using a common data schema. Contributes to delivering Objectives 1 
and 3. 
 
(4) Produce a peer-reviewed scientific synthesis of status, trends, and drivers of change in global 
seagrasses and the systems they support, based on a comprehensive review of peer-reviewed and 
gray literature. Delivers Objective 4.  
 
 
6. Capacity Building 
 
The community of practice built through this series of working groups will be advanced into the 
future in several ways. First, we engage seagrass researchers and stakeholders from a diverse 
range of backgrounds, geographic regions, and disciplines in this common, collaborative effort. 
Second, we intend to develop courses with support from IODE Ocean Teacher Global Academy 
(OTGA) of the International Oceanographic Data and Information Exchange (IODE) to spread 
the protocols, best practices and synthesis tools in seagrass research to a global community. WG 
Member Eduardo Klein will liaise with the OTGA program to propose an OBIS course tailored 
for the seagrass community, with potential support from OTGA. Third, the several seagrass 
observation programs, including Seagrass-Watch, SeagrassNet, the Smithsonian-led MarineGEO 
program, and the MBON conduct training and outreach activities that will promote the best 
practices developed by the WG. Finally, development of the handbook and other products will 
also focus on feeding information into international targets such as the UN Sustainable 
Development Goals and Aichi Targets, as well as the post-2020 biodiversity agenda, with 
leadership by UNEP-WCMC. 
 
 
7. Working Group Composition  
 
Our Working Group brings together ten Full Members (5 female, 5 male), representing 9 
countries, and a range of career stages and disciplinary expertise from seagrass biology to 
biogeochemistry, remote sensing, fisheries, social science, database architecture, and global 
conservation. Several Full and Associate Members are leaders in existing synthesis and 
coordination efforts in coastal marine and seagrass science. This diversity will help ensure that 
interdisciplinary products of the working group are effectively communicated to a wide audience 
and translated into practical applications.  
 
7.1. Full Members 
 
Name  Gender Place of Work Expertise 
Emmett Duffy (co-chair) M Smithsonian Institution, USA Marine ecology and 

biodiversity 
Lauren Weatherdon  
(co-chair) 

F UN Environment World 
Conservation Monitoring Centre, 
UK   

digital knowledge 
products, ocean 
biodiversity and 
spatial data 
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Rohani Ambo Rappe  F Universitas Hasanuddin, 
Indonesia 

Seagrass ecology, 
ecosystem services, 
seagrass restoration  

Leanne Cullen-Unsworth  F Cardiff University, Wales Coupled social-
ecological systems,  
seagrass ecosystem 
services 

Miguel Fortes  M University of the Philippines Seagrass & 
mangrove ecology, 
blue carbon, policy 
& coastal resilience 

Eduardo Klein M Universidad Simón Bolívar, 
Venezuela. 

Marine ecology,  
data management, 
statistical/numerical 
methods for analysis 
of ecological data 

Núria Marbà  F Consejo Superior de 
Investigaciones Científicas, 
Spain  

Seagrass ecology, 
global change 

Frank Muller-Karger M University of South Florida, 
USA 

Biological 
oceanography, 
remote sensing, 
global change 

Masahiro Nakaoka  M Hokkaido University, Japan Coastal ecosystem 
dynamics, seagrass 
ecology 

Jacqueline Uku  F Kenya Marine and Fisheries 
Research Institute 

Seagrass physiology, 
ecology, community 
development 

 
 
7.2. Associate Members  
 
Name  Gender Place of Work Expertise 
Connolly, Rod M Griffith University, Australia Seagrass ecosystem 

resilience, carbon 
pathways, fisheries 
food web 

de la Torre Castro, 
Maricela 

F Stockholm University, 
Sweden 

Social-ecological 
systems analysis, 
governance, gender, 
sustainable resource 
use, resilience  

Dierssen, Heidi F University of Connecticut, 
USA 

Remote sensing of 
seagrass extent, leaf 
area index, carbon  



SCOR Working Group proposal 2018: C-GRASS  10 

Fourqurean, James W. M Florida International 
University, USA 

Ecosystem ecology, 
biogeochemistry of 
seagrass systems 

McKenzie, Len M James Cook University, 
Australia 

Seagrass status, 
management and 
sustainable use, 
founder Seagrass-
Watch 

Prathep, Anchana F Prince of Songkla University, 
Thailand 

Seaweed and seagrass 
biodiversity and 
ecology; coastal 
climate change  

Short, Fred  M University of New 
Hampshire, USA 

Seagrass ecology and 
restoration,  
founder SeagrassNet 

Unsworth, Richard  M Swansea University, Wales Seagrass ecology, 
conservation, and 
ecosystem services, 
co-founder Project 
Seagrass 

 
 
8. Working Group contributions  
 
Emmett Duffy is a biodiversity scientist who founded the Zostera Experimental Network (ZEN) 
and is the first Director of the Smithsonian’s Tennenbaum Marine Observatories Network and 
MarineGEO program. He is a member of MBON, the GOOS Biology and Ecosystem panel, and 
led development of the draft specification sheet for the GOOS seagrass EOV.  
 
Rohani Ambo Rappe is a seagrass ecologist, studying ecosystem services and seagrass 
restoration, with expertise in the seagrass systems of the coral triangle region, the most diverse 
marine systems in the world.  
 
Leanne Cullen-Unsworth is a coupled social-ecological systems analyst focusing on seagrass 
ecosystem services, in particular seagrass fisheries and associated food security.  
 
Miguel D. Fortes is a coastal Ecologist, and specialist on Biodiversity, ICZM and Blue Carbon, 
focusing on seagrasses and mangroves. His works are major additions to seagrass science and 
policy in the tropics and are having major impacts in applications and in development of coastal 
resilience in the face of climate change and other environmental uncertainties. 
 
Eduardo Klein is a marine ecologist, with extensive experience in environmental impact 
assessment, database architecture and standardized vocabularies, and statistical/numerical 
analysis. He is coordinator of the Caribbean Regional Node for OBIS, OBIS co-chair of the 
Steering Group, country representative for the UNESCO/IOC Caribbean Marine Atlas, 
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and  Resource Person for the Convention on Biological Diversity Marine Program (Ecological 
and Biological Significant Areas EBSA, and Sustainable Ocean Initiative SOI programs).  
 
Núria Marbà is a seagrass ecologist focusing on assessing sustainability and integrity of coastal 
ecosystems and ecosystem services as well as the impact of global change. 
 
Frank Muller-Karger is a biological oceanographer with expertise in marine biodiversity, 
marine policy, public outreach, in situ observing systems, and ocean color in coastal and pelagic 
systems. He is Co-chair of the Marine Biodiversity Observation Network (MBON). 
 
Masahiro Nakaoka is a marine ecologist studying coastal ecosystem dynamics, including 
seagrass ecosystem in Eastern and Southeastern Asia and the West Pacific. He is a member 
of the IUCN SSC Seagrass Specialist Group, the World Seagrass Association, and of the Zostera 
Experimental Network (ZEN).  
 
Jacqueline Uku is a marine ecologist working on seagrass systems in Kenya and recently 
engaged in community development projects along the Kenyan Coast. She is current President 
and member of the Western Indian Ocean Marine Science Association (WIOMSA), providing 
linkage to the member countries of the Western Indian Ocean. 
 
Lauren Weatherdon leads development of digital knowledge products that contribute to a step-
change in global access to, and use of, ocean biodiversity information and spatial data. These 
products help to support the delivery of global ocean goals and targets, and to support marine 
spatial planning, conduct environmental impact assessments, produce ecosystem assessments, 
and enhance ocean literacy; she is also a member of MBON.  
 
 
9. Relationship to other international programs and SCOR Working groups  
 
The proposed WG has important relevance to several other interdisciplinary global change 
science efforts, to the science-policy-society interface and communication initiatives, and to 
other SCOR groups. These other efforts are not specifically focused on seagrasses and would 
benefit from the research advanced by this SCOR WG on seagrasses. Among these are the 
following.  The OceanObs Research Coordination Network is an NSF-sponsored effort to 
advance the integration of biological observations into ocean observing systems for societal 
benefit, co-led by WG member Muller-Karger. The OceanObs'19 Program Committee is 
processing community proposals for white papers in governance for the Global Ocean Observing 
System within the Framework for Ocean Observing v. 2.0, and determining user requirements 
for ocean observing, technology, and scientific approaches to solutions through the OceanObs'19 
meeting in Honolulu, Hawaii, September 2019.  The Marine Biodiversity Observation Network 
(MBON) is a thematic program under the Group on Earth Observations Biodiversity Observation 
Network or GEO BON to strengthen understanding of marine biodiversity and coordinate 
monitoring of associated changes over time by defining marine Essential Biodiversity Variables 
or EBVs.  The Global Ocean Observing System (GOOS) Bio-Eco Panel seeks to improve the 
availability of existing core biological variables and identify and prioritize additional cross-
cutting biological and ecosystem observation needs by defining Essential Ocean Variables or 
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EOVs for biology and to integrate these with physical and biogeochemical EOV and observing 
programs. The SCOR Integration of Plankton-Observing Sensor Systems to Existing Global 
Sampling Programs Working Group (P-OBS) has the goal of identifying measurements that can 
expand the number of observations of biological stocks, diversity, and rates or fluxes of 
planktonic organisms). Several members of the proposed C-GRAAS WG are closely involved in 
each of these efforts and will work to integrate the ]WG’s activities with their goals.  
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11.  Appendix—5 key publications for full members 
 
Emmett Duffy 
 
1. Miloslavich, P. N. Bax, S. Simmons, E. Klein, W. Appeltans, O. Aburto-Oropeza, M. 
Anderson-García, S. Batten, L. Benedetti-Cecchi, D. Checkley, S. Chiba, E. Duffy, D. Dunn, A. 
Fischer, J. Gunn, R. Kudela, F. Marsac, F. Muller-Karger, D. Obura, Y.-J. Shin. 2018. Essential 
Ocean Variables for global sustained observations of biodiversity and ecosystem changes. Global 
Change Biology doi.org/10.1111/gcb.14108. 

 
2. Duffy, J.E., C.M. Godwin, B.J. Cardinale. 2017. Biodiversity effects in the wild are as strong 
as global change drivers of productivity. Nature 549:261-264.  

 
3. Naeem, S., R. Chazdon, J.E. Duffy, C. Prager, B. Worm. 2016. Biodiversity and human 
wellbeing: an essential link for sustainable development. Proceedings of the Royal Society of 
London B 283(1844): 20162091. 

 
4. Stuart-Smith, R.D., G.J Edgar, N.S. Barrett, A.E. Bates, S.C. Baker, N. Bax, M. Becerro, J. 
Blanchard, D.J. Brock, G.F. Clark, T.R Davis, P.B. Day, J.E. Duffy, T. Holmes, E. Johnston, A. 
Jordan, N. Knott, J. Lefcheck, S.D. Ling, S. Kininmonth, A. Parr, E. Strain, H. Sweatman, R. 
Thomson. 2017. Assessing national trends in biodiversity indicators for rocky and coral reefs 
through integration of citizen science and scientific monitoring programs. BioScience, 67:134-
146. 

 
5. Duffy, J.E. and 27 others. 2015. Biodiversity mediates top-down control in eelgrass 
ecosystems: A global comparative-experimental approach. Ecology Letters 18:696–705. 
 
Lauren Weatherdon  
 
1. Weatherdon LV, Appeltans W, Bowles-Newark N, Brooks TM, Davis FE, Despot-Belmonte 
K, Fletcher S, Garilao C, Hilton-Taylor C, Hirsch T, Juffe-Bignoli D, Kaschner K, Kingston N, 
Malsch K, Regan EC, Kesner-Reyes K, Rose DC, Wetzel FT, Wilkinson T, Martin CS. (2017). 
Blueprints of effective biodiversity and conservation knowledge products that support marine 
policy. Frontiers in Marine Science 4(96). Doi: 10.3389/fmars.2017.00096.  
  
2. Weatherdon LV, Mcowen C, Martin CS, Thomas H. (2015). Marine and coastal data 
requirements to achieve Sustainable Development Goals. In: The Oceans and Us. Neumann C, T 
Bryan, L Pendleton, A Kaupo, J Glavan (eds.). Arendal, Norway: GRID-Arendal. Pp. 32-35. 
URL: http://wcmc.io/OceanAndUs. 
  
3. Weatherdon LV, Fletcher R, Jones MC, Kaschner K, Sullivan E, Tittensor DP, Mcowen C, 
Geffert JL, van Bochove JW, Thomas H, Blyth S, Ravilious C, Tolley M, Stanwell-Smith D, 
Fletcher S, Martin CS. (2015). Manual of marine and coastal datasets of biodiversity importance. 
December 2015 edition. Cambridge (UK): UNEP World Conservation Monitoring Centre. 30 pp. 
(+4 annexes totalling 221 pp. and one e-supplement). URL: http://wcmc.io/MarineDataManual. 
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4. Bird K, Mcowen C, Weatherdon LV, Crooks S, Holmquist, J. (in production) Status of Tidal 
Marsh Mapping for Blue Carbon Inventories. In: A Blue Carbon Primer: The State of Coastal 
Wetland Carbon Science, Practice, and Policy. CRC Press. 350 pp. 
  
5. Brummitt N, Regan EC, Weatherdon LV, Martin CS, Geijzendorffer IR, Rocchini D, Gavish 
Y, Haase P, Marsh CJ, Schmeller DS. (2017). Taking stock of nature: Essential biodiversity 
variables explained. Biological Conservation 213 (Part B): 252-255. Doi: 
10.1016/j.biocon.2016.09.006. 
 
Rohani Ambo Rappe   
 
1. Unsworth, R.K., Ambo-Rappe, R., Jones, B.L., La Nafie, Y.A., Irawan, A., Hernawan, U.E., 
Moore, A.M. and Cullen-Unsworth, L.C., 2018. Indonesia's globally significant seagrass 
meadows are under widespread threat. Science of The Total Environment 634: 279-286. 
 
2. Williams, S.L., Ambo-Rappe, R., Sur, C., Abbott, J.M. and Limbong, S.R., 2017. Species 
richness accelerates marine ecosystem restoration in the Coral Triangle. Proceedings of the 
National Academy of Sciences of the United States of America 114:11986-11991. 
 
3. Ambo-Rappe, R., 2016. Differences in Richness and Abundance of Species Assemblages in 
Tropical Seagrass Beds of Different Structural Complexity. Journal of Environmental Science 
and Technology 9:246. DOI: 10.3923/jest.2016. 
 
4. Ambo-Rappe, R., 2014. Developing a methodology of bioindication of human-induced effects 
using seagrass morphological variation in Spermonde Archipelago, South Sulawesi, 
Indonesia. Marine pollution bulletin, 86: 298-303. 
 
5. Ambo-Rappe, R., Nessa, M.N., Latuconsina, H. and Lajus, D.L., 2013. Relationship between 
the tropical seagrass bed characteristics and the structure of the associated fish community. Open 
Journal of Ecology 3(05): 331-342. 
 
Leanne Cullen-Unsworth  
 
1. Nordlund LM, RKF Unsworth, M Gullstron, LC Cullen-Unsworth (accepted, October 2017) 
Global significance of seagrass fishery activity. Fish & Fisheries 2017; 00:1-14.   
 
2. LC Cullen-Unsworth, RKF Unsworth (2016). Strategies to enhance the resilience of the 
world's  seagrass meadows. Journal of Applied Ecology53, 967-972. doi:10.1111/1365-
2664.12637. 
 
3. RKF Unsworth, SL Hinder, OG Bodger & LC Cullen-Unsworth (2014) Food supply depends 
on seagrass meadows in the Coral Triangle Environmental Research Letters 9: 094005 
doi:10.1088/1748-9326/9/9/094005. 
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4. LC Cullen-Unsworth, L Mtwana Nordlund, J Paddock, S Baker, LJ McKenzie & RKF 
Unsworth (2014) Seagrass meadows globally as a coupled social-ecological system: implications 
for human well-being, Marine Pollution Bulletin, 83 (2): 387-397. 
 
5. RKF Unsworth & LC Cullen (2010) Recognising the Necessity for Seagrass Conservation. 
Conservation Letters, 3 (2): 63-73. 
  
Miguel Fortes 
 
1. Fortes MD. 2018. Seagrass ecosystem conservation in Southeast Asia needs to link science to 
policy and practice, Ocean and Coastal Management. 
https://doi.org/10.1016/j.ocecoaman.2018.01.028 (Available on line) 

2. Fortes MD and Salmo III SD. 2017. Mangroves in the Philippines: Responding to Change. 
Lambert Academic Publishing. Germany. 312 p.  

3. Quiros TEAL, Croll D, Tershy B, Fortes MD, Raimondi P. 2017. Land use is a better predictor 
of tropical seagrass condition than marine protection. Biological Conservation 209: 454–463.  

4. Short FT, Coles R, Fortes MD, Victor S, Salik M, Isnain I, Andrew J, Seno A. 2014.   
Monitoring in the Western Pacific region shows evidence of seagrass decline in line with global 
trends  

5. Fortes MD. 2013.  A Review: Biodiversity, Distribution and Conservation of Philippine 
Seagrasses, Philippine Journal of Science, 142: 95-111, Special Issue. ISSN 0031 - 7683 

Eduardo Klein       
 
1. Miloslavich, P. N. Bax, S. Simmons, E. Klein, W. Appeltans, O. Aburto-Oropeza, M. 
Anderson-García, S. Batten, L. Benedetti-Cecchi, D. Checkley, S. Chiba, E. Duffy, D. Dunn, A. 
Fischer, J. Gunn, R. Kudela, F. Marsac, F. Muller-Karger, D. Obura, Y.-J. Shin. 2018. Essential 
Ocean Variables for global sustained observations of biodiversity and ecosystem changes. Global 
Change Biology doi.org/10.1111/gcb.14108. 
 
2. Muller-Karger, Frank E., et al. 2018. Satellite sensor requirements for monitoring essential 
biodiversity variables of coastal ecosystems. Ecological Applications. doi: 10.1002/eap.1682 
 
3. De Pooter, D., Appeltans, W., Bailly, N., Bristol, S., Deneudt, K., Eliezer, M., … Lewis, M. 
2017. Toward a new data standard for combined marine biological and environmental datasets-
expanding OBIS beyond species occurrences. Biodiversity Data Journal, (5). 
doi:  10.3897/BDJ.5.e10989 
 
4. Miloslavich, P., E. Klein, J. M. Díaz, C. E. Hernández, G. Bigatti, L. Campos, F. Artigas, J. 
Castillo, P. E. Penchaszadeh, P. E. Neill, A. Carranza, M. V. Retana, J. M. Díaz de Astarloa, M. 
Lewis, P. Yorio, M. L. Piriz, D. Rodríguez, Y. Yoneshigue-Valentin, L. Gamboa, and A. Martín. 
2011. Marine Biodiversity in the Atlantic and Pacific Coasts of South America: Knowledge and 
Gaps. PLoS ONE 6:e14631–43. 
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5. Miloslavich P, Díaz JM, Klein E, Alvarado JJ, Díaz C, et al. 2010. Marine Biodiversity in the 
Caribbean: Regional Estimates and Distribution Patterns. PLOS ONE 5(8): e11916.   
 
Núria Marbà  
 
1. Roca, G., TAlcoverro, T., Krause-Jensen, D., Balsby, T.J.S., van Katwijk, M.M.,  Marbà, N., 
Santos, R., Arthur, R., Mascaró, O., Fernández-Torquemada, Y., Pérez, M., Duarte, C.M., 
Romero, J. 2016. Response of seagrass indicators to shifts in environmental stressors: a global 
review and management synthesis. Ecological Indicators. 63: 310–323.  
http://dx.doi.org/10.1016/j.ecolind.2015.12.007    
 
2. Marbà, N., Arias-Ortiz, A., Masqué, P., Kendrick, G.A., Mazarrasa, I., Bastyan, G.R., Garcia-
Orellana, J., Duarte, C.M.  2015. Impact of seagrass loss and subsequent revegetation on carbon 
sequestration and stocks. Journal of Ecology, 103: 296–302. doi: 10.1111/1365-2745.12370.  
 
3. Marbà, N., Díaz-Almela, E., Duarte, C.M. 2014. Mediterranean seagrass (Posidonia oceanica) 
loss between 1842 and 2009. Biological Conservation 176: 183–190. DOI: 
10.1016/j.biocon.2014.05.024  
 
4. Duarte, C.M., Losada, I.J.,  Hendriks, I.E., Mazarrasa I., Marbà N. 2013. The Role of Coastal 
Plant Communities for Climate Change Mitigation and Adaptation. Nature Climate Change 3: 
961–968.   DOI: 10.1038/NCLIMATE1970 
 
5. Marbà N., Duarte C.M. 2010. Mediterranean Warming Triggers Seagrass (Posidonia oceanica) 
Shoot Mortality. Global Change Biology 16: 2366-2375  
 
Frank Muller-Karger 
 
1. Boss, E., et al. 2018. Beyond chlorophyll fluorescence: The time is right to expand biological 
measurements in ocean observing programs. Limnology and Oceanography Bulletin, In press. 
 
2. Goodwin, Kelly Dee, Frank Edgar Muller-Karger, Anni Djurhuus , Lisa Zeigler Allen, 
Andrew E. Allen, John P.  McCrow, and Gabrielle Canonico Hyde. 2018 (In Press). Chapter 35 
Molecular Approaches for an Operational Marine Biodiversity Observation Network. In: World 
Seas: An Environmental Evaluation, Vol. III: Ecological Issues and Environmental Impacts. 2nd 
Edition. Charles Sheppard (editor). 
 
3. McCarthy, M.J., Radabaugh, K.R., Moyer, R.P., Muller-Karger, F.E. 2018. Enabling efficient, 
large-scale high-spatial resolution wetland mapping using satellites. Remote Sensing of 
Environment. Volume 208, April 2018, Pages 189–201. 
 
4. Miloslavich, P. N. Bax, S. Simmons, E. Klein, W. Appeltans, O. Aburto-Oropeza, M. 
Anderson-García, S. Batten, L. Benedetti-Cecchi, D. Checkley, S. Chiba, E. Duffy, D. Dunn, A. 
Fischer, J. Gunn, R. Kudela, F. Marsac, F. Muller-Karger, D. Obura, Y.-J. Shin. 2018. Essential 



SCOR Working Group proposal 2018: C-GRASS  18 

Ocean Variables for global sustained observations of biodiversity and ecosystem changes. Global 
Change Biology doi.org/10.1111/gcb.14108. 
 
5. Muller-Karger, F.E., et al. 2018. Satellite Sensor Requirements for Monitoring Essential 
Biodiversity Variables of Coastal Ecosystems. Ecological Applications. Ecological Society of 
America. DOI: 10.1002/eap.1682. 
 
Masahiro Nakaoka  
 
1. Leopardas, V. E., Hori, M., Mukai, H., Tanaka, Y., Yokoi, K., Aoki, M., Sato, N., Whanpetch, 
N. and Nakaoka, M. 2018. Broad scale variation in seagrass benthic macrofaunal assemblages 
along the coast of Japan. Ecological Research 33: 105-117, DOI: 10.1007/s11284-017-1517-5 
 
2. Nakaoka, M., Sudo, K., Namba, M., Shibata, H., Nakamura, F., Ishikawa, S., Makino, M., 
Yamano, H., Matsuzaki, S.S., Yamakita, T., Yu, X., Hou, X., Li, X., Brodie, J., Kanemoto, K., 
Moran, D. and Verones, F. 2018. TSUNAGARI: A new interdisciplinary and transdisciplinary 
study toward conservation and sustainable use of biodiversity and ecosystem services. Ecological 
Research 33: 35-49, DOI: 10.1007/s11284-017-1534-4 
 
3. Nakaoka, M., Lee, K-S., Huang, X., Almonte, T., Sidik Bujang, J., Kiswara, W., Ambo 
Rappe, R., Maryam Yaakub, S., Prabhakaran, M.P., Abu Hena M.K., Hori, M., Zhang, P., 
Prathep, A. and Fortes, M. D. 2014. Regional comparison of the ecosystem services from 
seagrass beds in Asia. In: (S. Nakano et al. eds.) Asia-Pacific Biodiversity Observation Network: 
Integrative Observations and Assessments. Ecological Research Monographs, Springer, Tokyo, 
pp. 367-391 
 
4. Whanpetch, N., Nakaoka, M., Mukai, H., Suzuki, T., Nojima, S., Kawai, T. and Aryuthaka, C. 
2010. Temporal changes in benthic communities of seagrass beds impacted by a tsunami in the 
Andaman Sea, Thailand. Estuarine, Coastal and Shelf Science 87: 246-252 
 
5. Aioi, K. and Nakaoka, M. 2003. Seagrasses of Japan. In, Green, E.P. and Short, F.T., editors, 
World Atlas of Seagrasses. University of California Press, Berkeley, USA, pp. 185-192 
 
Jacqueline Uku  
 
1. Aura, C.M., Hassan, F., Osore, M.K., Musa, S., Morara, G. and Uku, J., 2015. A 
comprehensive public-private partnership concept for resources sustainability from a mega-
project management multi-level perspective. International Journal of Management and 
Sustainability, 4(11): 218-236. 
 
2. Eklöf, J.S., Fröcklin, S., Lindvall, A., Stadlinger, N., Kimathi, A., Uku, J.N. and McClanahan, 
T.R., 2009. How effective are MPAs? Predation control and ‘spill-in effects’ in seagrass–coral 
reef lagoons under contrasting fishery management. Marine Ecology Progress Series, 384: 83-96. 
 
3. Uku, J. and Björk, M., 2005. Productivity aspects of three tropical seagrass species in areas of 
different nutrient levels in Kenya. Estuarine, Coastal and Shelf Science, 63(3): 407-420. 
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4. Uku, J., Beer, S. and Björk, M., 2005. Buffer sensitivity of photosynthetic carbon utilisation in 
eight tropical seagrasses. Marine Biology, 147(5): 1085. 
 
5. Björk, M., Uku, J., Weil, A. and Beer, S., 1999. Photosynthetic tolerances to desiccation of 
tropical intertidal seagrasses. Marine Ecology Progress Series 191:121-126. 
 
 

 


