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Background and Justification:

Seagrasses are vascular plants that can reproduce by flowering (sexually) and also spread asexually through rhizome extension. They can form dense, submerged meadows in coastal and estuarine waters. There are approximately 72 seagrass species that belong to four major groups. Seagrasses are often highly productive and provide essential habitat and nursery areas for many finfish, shellfish, charismatic megafauna, and species of concern, including sea turtles, dugongs and manatees. Seagrasses also help stabilize and protect coasts by binding underlying sediments. They contribute to good water quality by trapping sediment and absorbing nutrient runoff. Seagrasses are recognized as a “blue” carbon storage system, by fixing inorganic carbon via photosynthesis and storing and sequestering it in seagrass rhizomes and associated sediments. Although coastal vegetated habitats comprise only 0.2% of the world ocean they contribute >10% of all carbon buried annually in the sea. Vigorous photosynthesis by seagrasses can also reduce the acidity of surrounding water by removing dissolved carbon dioxide. Seagrasses are declining worldwide as a result of coastal development, nutrient loading that leads to poor light conditions on the sea floor, climate change, and cascading impacts of fishing. Loss of resources, including biological habitats such as seagrass meadows, is a major concern for governments worldwide and emerges as a major societal pressure motivating international conventions and bodies focused on ocean environment and resources. 

Regular monitoring of seagrass cover and ecosystem structure will be useful to modelling coastal and reef fishery production, the global carbon cycle, and tracking impacts of climate change and coastal eutrophication.



	Table 1 EOV Information (definitions of terms in glossary)

	Name of EOV

	[bookmark: _heading=h.gjdgxs]Seagrass cover and composition

	Sub-Variables

	Shoot density/cover 
Canopy height 
Seagrass diversity (species)
Areal extent of seagrass meadows
Photosynthetic efficiency (measured with PAM)

	Derived products
	Primary and secondary production
Global and regional seagrass distribution 
Contributions to blue” carbon storage 
Essential fish habitat extent
Seagrass habitat fragmentation 


	Supporting Variables
	Water clarity / turbidity
Temperature
Salinity
Epiphytic algae and fouling load


	Complementary variables
	Seagrass biomass
Seagrass disease prevalence
Algal abundance/biomass
Epifaunal abundance
Fish abundance and species composition 
Invertebrate abundance and species composition
Inorganic macronutrients (nitrate, ammonium, phosphate) 

	Additional Contact/Expert(s)
	Len McKenzie (James Cook University, Australia), Fred Short (University of New Hampshire), Emmett Duffy (Smithsonian Institution, USA)







	Table 2: Requirements Setting

	Responsible GOOS Panel

	Biology and Ecosystems Panel
 

	Societal Drivers
	Knowledge: science / data access
Conservation: biodiversity and ecosystems
Sustainable use: biodiversity and resources in general
Environmental quality (health)
Food security
Threat prevention and impact mitigation (to different pressures)
Improve management: integrate ecosystem approach

	Societal Pressures
	Climate change
Loss of resources: habitats / biodiversity (including overfishing)
Pollution / eutrophication
Coastal development

	Readiness Level
	Requirements: Mature (Level 8)
Coordination: Pilot (Level 4)
Data and information: Concept (Level 1)


	Scientific questions
	What is the current status of life in the coastal ocean? 
How is life in the coastal ocean changing?
What are the natural and anthropogenic drivers of changing life in the coastal ocean and estuaries? 
How does changing life in the coastal ocean affect ecosystem function, health, and services? 


	Phenomena addressed
(general)
	Ecosystem  productivity (primary and secondary)
Community shifts
Ecosystem shifts
Biogeographic shifts


	Phenomena to capture 
	1
Status and trends (seagrass cover and areal extent, species composition)
	2
Severe events (mass mortality due to disease, heat stress, erosion or destruction, etc.)
	3
Recovery processes
	4



	Temporal Scales of the Phenomena 
	Seasonal to decadal
	Weeks to year
	Annual to decadal
	

	Spatial Scales of the Phenomena 
	10 m – 1000 km
	100 m – 1000 km
	10 m - 1 km
	

	Magnitudes/range of the signal, thresholds to capture for the processes
	±10%
	± 20%
	± 20%
	

	Desired detection limit relative to signal
	±10%
	±10%
	±10%
	






Figure 1: Scales of processes to be addressed, and magnitude of the signal to capture. 





	Table 3.  Current observing networks (or current Communities of Practice)

	Observing Networks/Elements
	 Seagrass-Watch; SeagrassNet
	Smithsonian MarineGEO
	Local and regional programs

	Phenomena addressed
	Status and trends; severe events; recovery 
	Status and trends; severe events; recovery
	Status and trends; severe events; recovery

	Readiness Level of the Network as described in the FOO
	Requirements: 
   Pilot (Level 6) ;
Coordination: 
   Pilot (Level 5)
Data system: 
   Concept (Level 1)
	Requirements: 
   Pilot (Level 7) ;
Coordination: 
   Pilot (Level 5)
Data system: 
   Concept (Level 1)
	Variable

	Spatial scales captured by the network
	10 m – 107 m
	10 m – 107 m
	10 m – 104 m

	Typical observing frequency
	Seasonal - annual
	Seasonal - annual
	Seasonal - annual

	Supporting variables measured
	
	
	

	Sensor(s)/Technique
	Manual sampling, photoquadrats, remote sensing by aircraft (drone, manned), satellite (Landsat or higher spatial/spectral resolution)
	Manual sampling, photoquadrats, remote sensing by aircraft (drone, manned), satellite (Landsat or higher spatial/spectral resolution)
	Manual sampling, photoquadrats, remote sensing by aircraft (drone, manned), satellite (Landsat or higher spatial/spectral resolution)

	Accuracy / Uncertainty estimate (units) Biases.
	Seagrass cover: + 2-10%;
Seagrass diversity (species)
	Seagrass cover: + 5-10%;
Seagrass diversity (species)
	Seagrass cover: + 5-10%;
Seagrass diversity (species)

	Reporting mechanism
	
	Open access data (planned)
	Variable






	Table 4: Future observing Elements  

	Observing Elements/Networks
	Unmanned aerial systems (drones)
	Satellites
	
	
	

	Phenomena addressed
	Status and trends; severe events; recovery processes
	Status and trends; severe events; recovery processes
	
	
	

	Readiness Level of the Network as described in the FOO
	Concept
	Concept
	
	
	

	Spatial scales captured by the network
	10-1 – 104 m
	10 – 105 m
	
	
	

	Typical observing frequency
	Flexible
	Monthly to annual
	
	
	

	Time scale until part of the observing system
	2-5 years
	2-5 years
	
	
	

	Supporting variables measured 
	Reflectance spectra; turbidity
	Reflectance spectra; turbidity
	
	
	

	Sensor(s)/Technique
	Still image mosaics; potentially hyperspectral 
	Still image mosaics; potentially hyperspectral 
	
	
	

	Accuracy/uncertainty estimate (units) 
	Spatial scale: + 10 cm
	Spatial scale: + 100 - 102 m
	
	
	









Figure 2. Well resolved observation scales of the component networks. If these scales are highly dependent on location or time, separate ovals could be drawn to capture this variability (e.g., one for the North Atlantic Ocean, and another for the Southern Ocean). If the capability changes greatly in recent times or will change in the near future (i.e., within five years), provide examples from two times. This refers to the scales that can be resolved, rather than the scales by the network, rather than for individual observations.

















	Table 5: Data & Information Creation

	
	Seagrass-Watch, SeagrassNet, MarineGEO
	Local and regional programs
	

	Readiness Level
	Low
	TBD
	

	Oversight & Coordination
	Informal
	TBD
	 

	Readiness status of Metadata
	Not ready
	TBD
	

	Data Centre/repository
	Currently none; OBIS under discussion/ development
	TBD
	

	Data Stream delivery and QC 
	Not standardized
	TBD
	

	Derived Products 
	Regional and global reports (future)

	

Same as left column
	





	Table 6: Links & References 

	Links
(especially regarding Background & Justification)
	World atlas of seagrasses
http://environmentalunit.com/Documentation/04 Resources at Risk/World Seagrass atlas.pdf

Short, F.T. & Coles, R.G.(eds). 2001. Global Seagrass Research Methods. Elsevier Science, Amsterdam. 

Orth et al. 2006. A global crisis for seagrass ecosystems. BioScience 56:987–996. 

Fourqurean, J. W., et al. 2012. Seagrass ecosystems as a globally significant carbon stock. Nature Geoscience 5:1–5. 

	Links for Contributing Networks
	Seagrass-Watch: http://www.seagrasswatch.org/

SeagrassNet: http://www.seagrassnet.org/ 

Smithsonian MarineGEO / Tennenbaum Marine Observatories Network
     https://marinegeo.si.edu/


	Data references
	Global Distribution of Seagrasses-Points Dataset (2005)
https://www.arcgis.com/home/item.html?id=de158acb9f884db3bff1a39dd056913b

Florida Keys National Marine Sanctuary: Seagrass Status and Trends Monitoring Data
http://serc.fiu.edu/seagrass/!cdreport/DataHome.htm

Seagrass-Watch: Global Seagrass Monitoring Results by Country, region and location http://www.seagrasswatch.org/map_page.html

SeagrassNet: Global Seagrass Monitoring Results by Country
http://www.seagrassnet.org/research





Acronyms

EBV – Essential Biodiversity Variable
ENSO- El Niño Southern Oscillation
EOV – Essential Ocean Variable
FOO – Framework for Ocean Observing
GOOS – Global Ocean Observing System
IOC – Intergovernmental Oceanographic Commission
PAM – Pulse Amplitude Modulated
QA/QC – Quality assurance / Quality control

Glossary of terms and definitions

Community of practice: a group who are using the same or similar instruments or methods, sharing or working towards best practices, analysis techniques, data analyses, etc., and aiming towards increased comparability.

Complementary variables:  are other EOVs and/or EBVs that are necessary to fully interpret describe the phenomena or understand impacts on the EOV of natural and anthropogenic pressures.

Contact experts: include experts or teams for platforms and for products related to the EOV.

Derived products: outputs calculated from the EOV and other relevant information, in response to user needs. 

Essential Ocean Variable: is a sustained measurement or group of measurements necessary to assess ocean state and change of a global nature, universally applicable to inform societal benefits from the ocean at local, regional, and global scales.

Framework for Ocean Observing: an IOC report to identify the requirements and their priorities, testing new technologies, endorsing implementation plans, and setting data sharing standards for the highest-priority global ocean observations required for both scientific and societal needs (doi: 10.5270/OceanObs09-FOO)

Framework processes: refers to the requirements, observation elements, and data and information products for each EOV (see matrix of “Framework Processes by Readiness Levels”).

Observing Network: refers to reasonably well coordinated observing groups that have developed calibrated observations using the same instruments/method to share best practice, analysis techniques, data standards, etc., so that regional and global comparisons can be made.

Phenomena: is an observable process, event or property measured or derived from one or a combination of EOVs having characteristic spatial and time scale(s) that addresses the GOOS scientific questions.  

Processes: refer to processes of interest (not space and time scales which can be seen in the plot). For example, western boundary currents or ENSO. The time scales refer to the processes themselves rather than the scales needed to observe these processes. It is OK to include processes to which the EOV substantially contributes, but is not the sole variable.

Readiness: refers to the feasibility and usefulness of a measurement approach as described in the FOO. There are nine levels within three major categories: concept, pilot and mature, for each of the framework processes (see matrix of “Framework Processes by Readiness Levels”).

Societal drivers: refers to the societal requirements (needs) related to ocean living resources and ecosystems that may determine policy directions and processes of change. A review of international bodies and conventions has identified these as: (1) the need for scientific knowledge and data access, (2) sustainable economic growth and development, (3) conservation of biodiversity and ecosystems, (4) sustainable use of biodiversity and resources in general, (5) environmental quality and health, (6) capacity building and technology transfer, (7) food security, (8) threat prevention and impact mitigation, and (9) to improve management through an integrated ecosystem approach

Societal pressures: refers to the direct stresses caused by humans on marine biodiversity and ecosystems. A review of international bodies and conventions has identified these as: (1) climate change, (2) ocean acidification, (3) extreme weather events, (4) loss of resources (habitats and biodiversity) including overfishing, (5) pollution and eutrophication, (6) mining, (7) solid wastes (trash), (8) invasive species, (9) noise, and (10) coastal development.

Sub-variables: are components of the EOV that may be measured, derived or inferred from other elements of the observing system and used to estimate the desired EOV.

Supporting variables: are other EOVs or other measurements from the observing system that may be needed to deliver the sub-variables of the EOV.
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The Global Ocean Observation System (GOOS) is a permanent global system for observations, modelling and analysis of marine and ocean variables to support operational ocean services worldwide. GOOS provides accurate descriptions of the present state of the oceans and continuous forecasts of the future conditions of the sea.
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