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Seagrass

Short et al 2007




Seagrass is important to nature and people

Photos by Benjamin L. Jones on Unsplash 3




Seagrass is important to
nature and people

Biodiversity
Fisheries

Effective carbon sequestration and storage




Seagrass is important to
nature and people

Biodiversity

Fisheries

Effective carbon sequestration and storage
Coastal protection

Improved water quality
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What if...

...we had comparable
seagrass data
around the world?




Essential Variables
Did you check the weather?

10_Day Weather Forecast M forecast layout! Leam more surface Temperature
Graph Table Descriptive ESSENTIAL CLIMATE VARIABLE (ECV)
) FACTSHEET
Sarday 01/06 Sunday 0L/07 Monday 01/08 Tuesday 01/09 Wednesday 0L
1 =g 3 -G 14* |:3° T 1™ 8? | 11° o, GLOBAL CLIMATE
i} i:} {‘k f‘:; f‘k k) OBSERVING SYSTEM
- - L,r:\_\' CJ li-:) ) KEEPTHG WATCH OVER OUR CLIMATE
Clear Clear Partly Cloudy Partly Cloudy Partly Cloudy @
0% /0 mm D% / 0 mm 10% /0 mm 208 /0 mm 2006 11m k e
Tomorrow 01/07 0% /0 mm (g Tomorrow 01/07 10% / 0 mm
I::} A mainly sunny sky. High 3C. i) Generally fair. Low -6C. Winds light Sea Surface Temperature
Winds light and vanable. and variable.

ESSENTIAL CLIMATE VARIABLE (ECV)
FACTSHEET

s, GLOBAL CLIMATE
@ OBSERVING SYSTEM

KEEPING WATCH OVER OUR CLIMATE

What if we didn’t have open temperature data?
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Essential Variables

Measuring everything at all times is
just not feasible

Essential Climate Variables

Too expensive
Too time consuming

The Essential Variables are a
(representative) selection L) *a®,—

Essential Ocean Variables

Specific for the ocean

Ocean Biology / Ecosystems
Ocean Biogeochemistry @ 6

Subsurface Ocean Physics

m https://www.earthdata.nasa.gov/



The Global Ocean Observing System (GOOS),
IOC-UNESCO

The Essential Ocean Variable (EOV) framework aspires to make a coordinated system by delivering specification
sheets instructing which variables to measure and highlighting the importance of transparency of data

The Global Ocean Observing System

Leading, coordinating and supporting vital ocean observing
Integrating the system, empowering the community, forming the partnerships.

Sponsored by

b

3. @) UN@® =

. L)
Intrrgovernmental WORLD environment ..... L
Oceanagraphic METEOROLOGICAL

£

Commission ORCANIZATION p I'Og ram m e ....... 1 O



The Global Ocean Observing System (GOOS),

IOC-UNESCO

Physics and climate

Focuses on physical processes and their role
in forecasting ocean conditions inc. circulation
patterns, interactions with the atmosphere and
heat transport and storage.

Biogeochemistry

Aims to establish the qualitative and
quantitative role of the marine carbon and
biogeochemistry system and its impact on
climate and ocean life.

Biology and ecosystems

Provides a better, clearer understanding of
ocean ecosystems and helps create a fit-for-
purpose global biological and ecosystem
observation network.

€03
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Biology and Ecosystems

Biology and Ecosystems Panel

Seagrass Cover and Composition

Physics

@ Sea state*
Ocean surface
stress*

@ Sea ice*

temperature*
Subsurface
temperature*
e Surface currents*
Subsurface
currents*

salinity*
Ocean surface
heat flux*
Ocean bottom
pressure

Biogeochemistry
Oxygen*
Nutrients*
Inorganic carbon*
Transient tracers*
Particulate matter

Nitrous oxide*

Stable carbon
isotopes

Dissolved organic
car

00 NO9HI0ID

Cross-disciplinary

o Ocean sound
e Ocean colour*
@ Marine debris

Biology & ecosystems

Phytoplankton biomass &
diversity*

Zooplankton biomass &
diversity*

Fish abundance &
distribution

Sea turtle abundance &
distribution

Seabird abundance &
distribution

Marine mammal
abundance & distribution

Hard coral cover &
composition

Seagrass cover &
composition

Macroalgal canopy
cover & composition

Mangrove cover &
composition

Microbe biomass &
diversity

Invertebrate abundance
& distribution

Biology and ecosystem EOVs lag behind
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Seagrass is an Essential Ocean Variable

The Seagrass Essential Ocean Variable is established and under further development
Led by Emmett Duffy and Lina Mtwana Nordlund + interested stakeholders

Seagrass % cover
Seagrass species composition

+ other recommended variables w
k|
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Do you think it is possible to measure seagrass % cover
and species composition in your environment and
setting?

(D Start presenting to display the poll results on this slide.
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your environment and setting?
Multiple Choice Poll 46 votes & 46 participants

Yes, we are already doing it! - 26 votes

Yes, but we not doing it yet - 9 votes

Probably, but it would require additional work - 10 votes

No, | don't think so - O votes

| don't know - 1 vote

57%

20%

22%

0%

2%

Do you think it is possible to measure seagrass % cover and species composition in

slido
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What if...

...we had comparable
seagrass data
around the world?




Sustained monitoring
All observations

Seagrass % cover
Seagrass species composition
+ other variables




Why Collaborate? P

Why not? | o | = - \* o
- Already established monitoring program. VM‘{

But the benefits! . "

Sustained monitoring + observations
Early signals
National and regional understanding

Come together as a global community!

19



We need bio-eco standards

“There is an urgent need to develop simple,
standardized monitoring protocols to assess in
real time the condition of reefs ...

it took nearly two years to begin to use [the data]
reliably because of the diversity of metrics,
formatting errors, and internal inconsistencies.
Much of the data was unusable because we
could not verify locations, depths, and missing
metadata. The situation is inexcusable and no
one should ever have to go through such an
exercise again.”

Jackson et al. 2014
Status and trends of Caribbean Coral Reefs, 1970-2012

GRMN JCRI (&%) (o
.. 2 —-ﬁé % (lucN

Wi y
Musrtine Misrmitin

Status and Trends

of Caribbean Coral Reefs:
- 1970-2012 -

EDITED BY
JEREMY JACKSON - MARY DONOVAN - KATIE CRAMER - VIVIAN LAM



Standards revolutionized ocean understanding

Chlorophyll Concent r_llil:m (mg/m")

" 2005
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History of progress on seagrass standards VIVIVIVE

- Seagrass networks established, coordinating standardized surveys

« Seagrass-Watch (1998)
« SeagrassNet (2000)
+ Smithsonian MarineGEO (2013)

. Essential Ocean Variable (EOV) concept developed

« Framework for Ocean Observing proposes EOVs (2009)

+ Global Ocean Observing System (GOOS) Biology & Ecosystem panel established (2015)
+ Biological and ecosystem EOVs drafted (2016)

Global coordination and consultation around seagrass cover and composition” EOV
« Coordinated Global Research Assessment of Seagrass Systems (C-GRASS) funded by SCOR (2019)
« C-GRASS group proposes seagrass data schema, best practices, Community of Practice
« Consultations with seagrass community: OceanObs (2019), SeaPlants (2019), ISBW (2022)

Proposed global standards for seagrass cover and composition EOV (MS in prep)

« Data schema linked to OBIS
» Best practices, organized by tiered data quality model

Vo Z

3(@(



Seagrass EOV: Minimum requirements
Quality level 1: Seagrass cover and species composition

Percent cover Species composition




Measuring seagrass EOV: Refinement
Quality level 2: (+) Seagrass density and canopy height

Percent cover Species composition

Hw

<— Canopy height —»

“ Shoot density



Measuring seagrass EOV: The ecosystem
(+) EOVs for macroalgae, fishes, invertebrates ...

26



Measuring seagrass EOV: Data quality model

EOV: Seagrass
cover and
composition

EOV: Algal cover
and composition (in
development)

EOV: Fish
abundance and
diversity (in
development)

Seagrasses are the key indicator of 1. Total seagrass cover (%), proportional
seagrass ecosystem health. cover by species or functional group
Habitat value determined by species, and 2. + Seagrass habitat structure: shoot
their three-dimensional growth form density and canopy height

Algae compete with seagrasses and 1. Suggested: Total algal cover (%)

provide food for animals. Algal cover is the
aggregated cover of all algal forms.
Fleshy, macro and turf algae are
competitors of seagrasses.

Abundance of algae is sometimes
measured destructively as biomass.

N

+ Suggested: cover by functional group
(fleshy/macro, micro/filamentous, and
calcareous)

3. + Suggested: Biomass of algae

Fish play many functional roles. - Levels not yet assigned. Most basic is
Monitoring programs often focus on a abundance of key taxa, most complex is
subset of families or target species abundance and biomass of all species.

depending on monitoring aims.

Adapted from: Obura et al. 2019. Frontiers in Marine Science 6: 580.

27






Standard seagrass protocols

About s Our Network

& ManneGEO Research  Maws Blog
w-- B

.

The I\__flaringGEO Toolkit:

The MarineGED Toolkit is a sat of protocols for surveying marine habitats and communities. Our protocols provide o
wrt ol 1 for g the health of marine ecosysleing and their sssociated
Desides lry ecalogical and biologscal variables, we provide best practices for site salection,
lmyout, workfiaw, and data submission, Each protocol contains:

« & POF document that Includes step-by-step methods
= & data entry shest to print off and bring aul into the Held
= an exce| workbook (o wse for date submiasion

MarineGED fullows a standard workflaw for protocol development, testing, snd revision. The entim warkdiow is detailed in
the MarineGED Protoco! Development and Revision Process [PDF | dacumant

Selact & habitat or community type below 1 learn more and to dowriload protoes! materals

Coral Reef Habitats

Seagrass Habitats Oyster Reef

https://www.seagrasswatch.org/manuals

https://marinegeo.si.edu/research/marinegeo-toolkit
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Seagrass protocols made (somewnat) €asy

Protocol (SOP)

Data entry sheet

M nrieGED Seagiuss Cliver and Dnisity
- ®  wwses B 2 B B Y- O o & ssagrass_densiy_deta_sniry sproadshest_marinegeo (1 N Labal L &
: Home Insert Draw  Pogelayoul Formulss  Data  Review  View  Automate (D) commants m
MarineGEQ Seagrass Cover and
Del'lsily gPrO‘OCUI c2 = Jf=  Data Entry Spreacshent -
. i Linig e v
1)
&IimeGED ol llh g ppbi
‘ - [Rata £niry S waddsha st
- e ey

(A—
Field data sheet = = S B R R
et e
—— e
Seagrass Cover Data AMarineGEO rey—r
oy 1 = | 4 =
Lattude of ransect begimng” Longinede of smnsect begmmng” Cvar mathiod jn.g pount count. Brsun-Bmnquat. st}
Lty of romseci sndirg” Longitude of sansect snding” Fu-drxl dimensions Fln- [
o T jrw g A2 TTME M EIEn
Taxen 1D Tatal # points Mabile nverteteate s
Eriraact | | bt [P R ——— Cove {point count methad) {mem)
Pl By v Sergrames Husbltad Mervioring Pratocal (20521) Lafcheck, Jonathan,
MarnnaObssrvaiones Networ, ManraGEQ, Smilhsonian inalitulion s s et e o too
Iftp:tidot o/ 10, 2557 S 149251 1.1
& MarineGEO e e et
Qe s S
D) snittrmmstin ittt —— T s

¥ Smithsonian



Sharing: The seagrass EOV data schema* ©)B|S

* In development

Data submission pipeline

Field > upload
DwC-compliant
Pairs w/ spec sheet

Supports upload to OBIS

Components (tabs)

Read Me

Terms & tables
Seagrass EMoF (traits)
Examples

OCEAN BIOGEOGRAPHIC

Seagrass EOV Data Schema V20230529 # m & ©® o om - @ INFORMATION SYSTEM
Fila Edit View Inpett Format Oats Tools Extenslond Help
Q 5 2 & T 0%~ € % & M A - -1+ B2 SA B@ E-i-F-A-ooBD QY &I =
F= = | fx mqund
L] L] L o r r (-3
File 1: Event mmmmmmm: = DWC tarm '_oms.' s-mu _iw—l:
archives) requimd T EOV: required -~ recommended — Definition (DwC) N
4 Filw 1: Event Event [Core Event table) decimalLatiude requied roquired rogulred Th-unmml: latiude (in docimal degrees, using the spatial relerence system gi
, File 1: Event Event (Core Event table) decimalLongitude The geagraphic longiluds (in decimal degress, using the spatial reference system
roquired  mquired roquired
. Filo 4: Event Event (Core Evant tabla) wventDate Tha date-time or interval during which an Event occurred. For occurmences, this i
raquired regUlred reguired
,  Fila1: Event Event [Core Event tabls) wventiD An ldentifler for the set of with an Event | hing that oc
raguired raquirsd required
4 File 2: Occun o (o table)  eventiD roquired  required requlred An [daritiiar for the sat of sated with an Evant hing that TH
5 File2: ¢ ce (C table) d roquieed  required toquined The specific hature of the data recond
i File 2: Occurrance  Occurrence {Occurrence table)  occurrancelD requbred reguired reguired An identifier for the Occurrence (as opposed io o paricular digital recard of the oo
# Fllo 2: Occurronce  Occurrence {Occurrence table)  occurrenceStatus required required required A sintemant about the presance or sbsence of & Taxor &t & Location.
a File 2: Oe (O table]  sclentifich roquiced  required mauired Th full sciurtific name, with authorship and date information if known. When form
Fila2; O O {Dccurrence tabie) it roquired roguired roguired An identifier for the nomenclatural (not tasonomic) details of @ scentific name.
il Lo | Extanded Mensuromant or Fact _sventiD raqired raquird repuired i icantar for i st of inkomalton swsockted wilh an Evant |semsthing hat T)
“ Filn 3 EMoF dlocl M or Fact i roquired  required gl An idantifiar for the Occurrencs (as opposed to a pariicular digital oo of the (T
41 File 3; EMoF or Fact Ty LT reqilred roegulred Thas nature of the measurement, fact, characteristic, or assartion.
41 File 3: EMoF or Fact itinit moquired  required rogulred Tha units with iha o
44 File 3: EMoF or Fact niVal roquired required rogiired Tha valie of the moasurement, fact, characteristic, of assertion.
i = READ ME = 1 Torma and tables = & Extanded Measursment-of-Fact = Evample Event =  Example Occurrance = Exampls ¥ ¥ 11 of 3% rows displayed €
u-lﬁ%)l B I ekt HOME ABOUT = DATA= MANUAL RESOURCES~ ACTIVITIES = CONTACT

MarineGEO Global Seagrass Habitat Monitoring Data

URL httpsiiipt-obis. ghlt usiresource?r=marinegeo-seograss.-manitaring

Repository URL  hitpsipt-obis.gbifus/
Node GBS UsSA

Published 2023-06-23 1744
First reglsterad 2023-06-23 17.53

Abstroct This dotoset contolns
poriners, The datosat includes s on

g time-series ing doto collected by the Smithsonian Institution’s MarineGEQ (Maring Global Earth Obsetvatory) and its network
9 density, g cover, and epifaunol invertebrotes. The dota is collected using MorineGED's standord

survey design for sampling seogross hobliots.

M EO seag ing ot each site is conducted olong three 50-m fixed transects intended to be permanent and sampled regularly (usually annually),
Tronsects are locoted porollel 1o shore and along the shallow (inshore), middie (interor), ond deep (offshore) parts of the seagross bed, although verlotion can
occur due to locol site conditions. The seogross cover measurements are taken every 4 meters along the transect (n =12 per tronsect), the seagross density
measurements are token olongside the cover measurements at every other replicote (n = & per transedl), ond eplfounal community somples ore collected every 8

meters (n =3 per tronsact)




THE TENNENBALUM
MARINE OBSERVATORIES NETWORK

&L MarineGEO
-

O mN@ED
@ VarineBED (32)

. SeagrassNet (Za0)
O Seagrass-Watch (393)



Linking: More networks!

M BO N Partnerships o%iMARCO -BOLO

-I.

BIObI\fERSIT‘I’ ﬁﬂ -u

Marine Biodiversity Li QM E%E "' ’
Observation Netwaork B N (£o GROUP ON
&O 6 EARTH OBSERVATIONS
; gtuup on Earth Observations
lodiversity Observation Network
AP MBS =N A
I00S JoesSoaes/ Mt
Integrated Ocean o
Observing System
& MarineGEQO  “YATN:E: SEABED ' . GEISS
‘-i’ “ﬂx “ Pole to PoIeMBON
oS Americas
-
]rlll(’ Loam, .
GCRMN _ Mg "o _ Contacts:
—==—http://marinebon.org ‘?s L“ej)/ \_’. A Joana Soares / Joana.soares@aircentre.or|
G'-"mc";"-“m = % Isabel Sousa-Pinto / isabel.sousa.pinto@gmail.com
RS | 2021 Urited Netions Dscade Massa Nakaoka  / nakaoka@fsc.hokudai.ac.jp

2030 for Susainatie Deveiopment  Frank Muller-Karger / carib@usf.edu




Going global: Community science

Karta Satellit

Seagrass Spotter

https://seaqgrassspotter.org/




Pipeline: Standards > Data system > Application

Standardized protocols

MigrreEED Besgruss Caver sl Chtiainy

Fan
-

MarineGEO Seagrass Cover and
Density Protocol

=*1 s, 3 -‘,.....r'ﬁ -

_—rT o B L N
S - ||, ; -
m .

P i il B vk Semgrann: Hivbited Morstoring Prafocsl [(2021) Lelehech, Jonsthen, Tanrmnteum
MarnneOoservaioies Network, ManreGED, Smilbsonian naiiulion
Filtps:idai.org 10 Z65T 3 e 14825114 w1

&L MarineGEO
Qo

¥ Smithsonian

Shared data system

Apache Hadoop Data Lake

Human
QA-QcC Converslon

Archival Archival

Automated
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Routines

Archival
Database

Archival
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How can we use this data?




Results: Geese cause seagrass decline
SeagrassNet standard sampling: New Hampshire, USA, 4 yr

11007

80+ Offshore
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e = 1 L] 1.,1._; e | L_l}‘k
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20+
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200+
15044
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Short et al. 2006. Marine Ecology 27:277—-289.



Results: Warming boosts eelgrass disease «L
MarineGEO standard sampling: W North America, 30 sites, 3 yr ‘W
A " T s
Cumulative positive

Disease severity

10.0 4

T 754

5.0+

2.54

0.0+

temperature anomaly (°C)

0 5 10 15 20 25
Cumulative T anomaly

Aoki et al. 2022. Limnology and Oceanography 67:1577-1589.




Go with the flow...

Standardized

protocols

Seagrass EOV

Percent cover

Species composition

Products &

Shared data system Benefits!

\Lﬂ\ Invasive species
T alert

VMV Seagrass
degradation alert

ik
NTEN T 0

L | |._I
I

o
-
L L

Regional and
global science
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MarineGEO SeagrassNet
toolkit manual

The Global Ocean Observing System

Thank you!

Seagrass-Watch Seagrass Spotter
manual app
i @ Smithsonian i E ol E
AL iy
sy . - v
orsan  EMarineGEO Ecok\v)ceanf . .
UNIVERSITET ‘W AFINE OBSERVATORIES NETWORK _'!
B -] () @) e -
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Intergovernmental WORLD environment Seae
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What are the biggest challenges to
achieving globally comparable
seagrass data, according to you?

(D Start presenting to display the poll results on this slide.

41



What are the biggest challenges to achieving globally comparable seagrass data,
according to you?

Multiple Choice Poll 50votes &b 50 participants

We would need to change our current monitoring programme - 19 votes

w
(<]
3t

don't want to, or cannot, make the data available to others - 4 votes

L+ <]
&

| don't know where to submit the data - 10 votes

)
=]
¥

It takes too much extra time - 13 votes

]
(=1}
E

It would be too costly to to this extra bit - 8 votes

[ 16%

| don't see the benefits - 1 vote

®
]
ak

| don't work with seagrass - 7 votes

F 0N s awm
L 14%
Other - 4 votes

- 8%




The benefits!

Think positive!
Dream big and bold!

Think about seagrass!
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What do you think is the biggest
benefit of globally comparable

seagrass data?




E What do you think is the biggest benefit of globally comparable seagrass data?

Open text poll 59 responses & 49 participants

&

0o

Qo

Anonymous
Track changes globally and locally and enhancing our understanding of carbon

cycling

Anonymous
Interpret local results (like variability and temporal trends) in a larger context

Anonymous
Seagrass data is important for marine organisms. And also reduce global sea

problems.

Anonymous
Convince local policy makers that their conservation challenges might be shared with

others.

Anonymous
We can solve problems much better working together

Anonymous
Global and regional patterns will emerge. So that we don’t have a one-size-fits-all

view of seagrass in management.
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Anonymous
Groundtruthing tool

Anonymous
Feeding into climate adaptation targets, getting seagrass ecosystems recognised

internationally, understanding national, regional and global extent. Huge benefit to
this project in many ways

Anonymous
Understanding connecticity among local regional and global variations

Anonymous
Advantages in monitoring acrivities and consequent adaptive management plans

Anonymous
Use available data to support future proposal for projects in the area.

Anonymous
High resolution hyperspectral satellite imagery to map seagrass globally! This may

also enable to map and identify threats such as macroalgae , often detrimental to
seagrass.

Anonymous
Better communicate the importance of seagrass beds and raise awarness about

disastrous consequences of their decline and take actions
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Anonymous
I think it's a good opportunity to have a large-scale view of the global situation of

seagrasses.

Anonymous

; Ry Y T, o "

Ciimate change driven ecosystem shifts and conci

movement/displacement

Anonymous
To protect coastal marine biodivetsity, save the coastal ecosytem interactions

beterden teresstrial and marine components

Spyros Christofilakos
Insight for flobal decision and policy-making

Anonymous
Can we compare different groups ? Posidonia vs Cymodocea vs Zostera vs

Halophila? Different traits, demands, etc ...

Anonymous
Solving big problems together anda sen the trends compera standard data

Anonymous
It will be important to identified trends over time and maybe a early warning system

for future changes in the seagrass community.

slido
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The Global Ocean Observing System
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