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Good and timely information on 

marine biodiversity sustains the 

long-term health and use of marine 

ecosystems 

Huge investments have gone into ocean observing systems —

but there is no systematic effort to observe life in the sea

MBON Goal: Enable the effort to characterize how marine 

biodiversity is changing and how it affects us

The MBON vision:



The NOPP Sanctuaries MBON Pilot: 
Primary Goals of Cooperative Agreement

• Integrate, synthesize, augment biodiversity information from ongoing programs 

• Develop technologies for biodiversity assessments through:
– Emerging environmental DNA (eDNA) molecular methods and autonomous sample collection;

– Application of remote sensing to evaluate biogeographic Seascapes 

• Bring biodiversity and environmental data together and serve it using 
international standards

• Use advanced analyses to link the mean and fluctuating components of 
biodiversity and ecosystem function to environmental conditions

• Relate information to social-economic context and provide information rapidly 
to stakeholders

• Seek to do this as an operational system

• Work with other US MBON demonstration projects to develop network concept

• Export the MBON concept globally



Sanctuary sites engaged with California Current IEA, 
MBON demonstration projects and Gulf of Mexico IEA

Collaboration of IEA with 

Addressing User Needs



The NOPP Sanctuaries MBON Pilot: 
Integration of information 

using international standards

• Multiple, multi-agency, international satellite and in situ datasets

• State data sets

– GCOOS (FL, Alabama, Mississippi, Louisiana, Texas)

– CenCOOS (CA) 

• Augmented Monterey Bay Time series (eDNA)

• Augmented the South Florida Program (eDNA, plankton)

• NOAA/State Fisheries and Reef surveys

– Reef Visual Surveys, Rockfish Recruitment & Ecol Assessment, Coral 
Reef

– Physical and chemical oceanographic data

• Beach Strandings data

• Many different environmental data

• Contributed to developing the MBON Portal (IOOS) and open source 
information tools
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MARINe long-term monitoring 
data 

Processes and products 
being shared across 

programs and regions

Collaboration between 
sanctuaries, IEA, MBON 

expanding to Gulf of Mexico

Gulf of Mexico IEA meeting with FKNMS, 

including Sanctuaries MBON partners, to 

expand  collaboration apply IEA products 
and processes to the sanctuary.

Collaboration of

Addressing Sanctuary Needs: data tools

MBNMS Demo: 
https://marinebon.github.io/
info-mb/pelagic.html

FKNMS Demo: 
https://marinebon.githu
b.io/info-fk/corals.html

https://mbon.ioos.us/
Inventories and “Curated data views”!

https://marinebon.github.io/info-mb/pelagic.html
https://marinebon.github.io/info-fk/corals.html
https://mbon.ioos.us/


Outcomes in Information Management:

– Established a framework for operational biological 
observations, data management, communications

• Biodiversity Information Standards (TDWG; Taxonomic Databases WG)

• Darwin Core / Event Core: data standard; Publish/Harvest data: 
ERDDAP

• Framework adopted by US IOOS and broadly discussed at NOAA

– Developed pathways for incorporation of eDNA into national 
and international repositories

– International: Bon in a Box: Contributing IOC Best Practices, 
OBIS

In memory of Matt Howard, whose leadership 
demonstrated the MBON framework for IOOS



The NOPP Sanctuaries MBON Pilot: 
Primary Goals of Cooperative Agreement

•Develop technologies for biodiversity 
assessments through:

–Emerging environmental DNA (eDNA) molecular 
methods and autonomous sample collection;

–Application of remote sensing to evaluate biogeographic 
Seascapes 



Active Biodiversity Field Programs

Over 45 expeditions in each FL Keys & MB

Gulf of Mexico / South Florida, Northern Gulf
Monterey Bay / Southern California
Sampling Sanctuaries with big and small boats,

and automated devices (AUVs, etc.)



Marine environmental DNA (MBON)

(qPCR)

(NGS)

A cheaper, less invasive and larger scale strategy to monitor 

species diversity – two approaches: next generation 
sequencing (NGS) and species specific primers

12S 
rDNA

C
OI 

18S 
rDNA

16S 
rDNA

?

Target Gene Markers

Each marker targets a different 
group of organisms.

First task: defined, published methods

Djurhuus et al. 2017



eDNA summary statistics

Monterey Bay (2013-2019)

• >50 cruises

• Samples collected: >1500

Santa Barbara (2015-2017)

• 11 Diver surveys

Florida Keys (2015-2019)

• >20 cruises

• Samples collected: >1300

Sanctuaries MBON eDNA Team: FWRI, MBARI, Stanford, & 
USF

AUV (2015-2018)
• 26 missions
• Autonomous eDNA samples collected: 366

• Sequenced for 18S: 5
• Sequenced for COI: 19



ESP vs Traditional Laboratory Methods

Steelhead (Oncorhynchus mykiss)

Zebra Mussel (Dreissena polymorpha)

Endangered

Invasive

Yamahara et al.,  submitted





eDNA: Microbes to whales
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f:Chrysochromulinaceae

f:Babesiidae

f:Acanthocystidaeo:Thaumatomonadida

f:Theileriidae

f:Dolichomastigaceae

f:Pycnococcaceae

o:Prasinococcales

f:Cymatosiraceae

f:Noelaerhabdaceae

f:Cyclopidae

f:Amphilithiidae c:Maxillopoda

f:Amphidomataceae

c:Acantharea

f:Planctomycetaceae

f:Tovelliaceae
o:Choanoflagellida

c:Deltaproteobacteria
f:Eimeriidaef:Cohnilembidae

f:Crypthecodiniaceae
f:Prayidae

f:Rhaphoneidaceae

f:Spongodiscidae
c:Candidatus Thalassoarchaeaf:Paraphysomonadaceae

o:Chaunacanthida

f:Hexalaspididae
f:Leegaardiellidaef:Blastocladiaceaef:Coriolaceaef:Nephtyidaef:Picomonadidae

f:Cirratulidaef:Temoridae

f:Palaemonidae

f:Nitrosopumilaceae

f:Idiomarinaceae

f:Trimyemidae

f:Chlamydodontidae
f:Paulinellidae

f:Gigartacontidae
f:Rhodospirillaceae

f:Otariidaef:Carangidae

f:Syndiniaceae
f:Metridinidaef:Ellobiopsidaef:Goniodomataceae

f:Halomonadaceaef:Stokesiidae
c:Polycystinea

f:Alcanivoracaceae

o:Ichthyophonida

f:Agalmatidae

f:Caulobacteraceae
f:Centropagidae

o:Sporidiobolales

f:Mycosphaerellaceaec:Alphaproteobacteria

f:Herpotrichiellaceae f:Foettingeriidae

f:Vibrionaceae

f:Sphaerozoidae

f:Amoebophryaceae

f:Sporochnaceae

f:Mamiellaceae

f:Erythrobacteraceae

f:Chromulinaceae

f:Phaeocystaceae

f:Ectocarpaceae

f:Haliphthoraceae

f:Plagiacanthidae
f:Katablepharidaceae

f:Sargassaceae

o:Telonemida

f:Cephaloidophoridae

f:Costariaceae

f:Scytosiphonaceae

f:Hydractiniidae

f:Chordariaceae f:Balanidae

f:Saprolegniaceae

f:Laminariaceae

f:Pocilloporidae

f:Callyspongiidae

o:Peronosporales

o:Sessilia

o:Diplonemida
f:Glenodiniaceae

f:Pleurobrachiidae
f:Ostreopsidaceae

f:Clupeidae

f:Cephalothricidae

c:Polychaeta

f:Sagittidae

f:Mortierellaceae

f:Codonellidae

f:Symbiodiniaceae

f:Corynidae

f:Cochliopodiidae

o:Chromulinalesf:Gymnodiniaceae

f:Warnowiaceae

f:Thraustochytriaceae

f:Petrosiidae

f:Saprospiraceae
f:Basidiobolaceae

f:Gomphonemataceaef:Eucalanidae

f:Sabellariidae

f:Brachionidae

f:Skeletonemataceae

f:Lauderiaceae

f:Heliopeltaceae

f:Bacillariaceaef:Bodonidae

o:Thalassiosirales

o:Rapaza

o:Leptothecata

c:Lecanoromycetes

f:Spionidaef:Pholoidae
f:Varunidae
f:Oncaeidae

f:Mitrocomidaef:Myzocytiopsidaceae

o:Heteronemertea

f:Biddulphiaceae

f:Campanulariidae

f:Podonidae

f:Protoperidiniaceae
f:Beroidae

f:Oithonidae

o:Veneroida

f:Syllidae

f:Thaumatomastigidae

f:Cryptochilidaef:Catenulaceae

c:Oomycetes

f:Doliolidae

f:Perophoridae

f:Rickettsiaceae

o:Florenciellales

f:Pleurotaceae

f:Cortinariaceae
f:Colpodellidae

f:Geminigeraceae

o:Planctomycetalesf:Gonyaulacaceae
f:Sugiuridae

f:Terebellidaef:Listeriaceaef:Rathkeidae

f:Puniceicoccaceae

f:Acanthoecidae

o:Prymnesiales

f:Hemiselmidaceae

o:Dictyochales

f:Tintinnidae

c:Spirotrichea

o:Narcomedusae

f:Prorocentraceae

f:Calcidiscaceae

f:Lynnellidae

f:Prymnesiaceae

c:Chrysophyceae

c:Pelagophyceaef:Balaenopteridae

f:Urechidae
f:Rhopalodiaceae

f:Chroomonadaceae

f:Chrysolepidomonadaceae

f:Opheliidae

f:Chlorodendraceae

f:Synuraceae

f:Braarudosphaeraceae
o:Pedinellales

f:Eudubosquellidae

f:Dinobryaceae

o:Kinetoplastida

f:Capitellidae

o:Urostylida

o:Cryomonadida

f:Pedinomonadaceae

f:Crustomastigaceae

o:Pyramimonadales

o:Haptorida

c:Trebouxiophyceae

c:Nephroselmidophyceae
f:Bacillaceae

f:Chlorellaceae

f:Paramoebidae

f:Rhizophlyctidaceae

f:Schizocaryidae

f:Hydridae

o:Bicosoecida

f:Rhynchomolgidae

f:Suessiaceae

f:Colepidae

f:Thalassionemataceae

f:Peritromidae

f:Dinophysiaceae

f:Spongomonadidae

o:Peridiniales

f:Spathidiidae

f:Pseudomonadaceae

f:Hyphomonadaceae

f:Fragilariaceae

f:Cordycipitaceae

c:Oligohymenophorea

c:Gammaproteobacteria

o:Philasterida

f:Pyrophacaceae

f:Stephanoecidae

f:Alteromonadaceae

f:Strombidinopsidae

o:Eutreptiales

f:Metacylididae

f:Ceratiaceae

c:Coscinodiscophyceae

f:Strobilidiidae
f:Rhodobacteraceae

f:Thigmophryidae
f:Pandeidaef:Didiniidae

f:Hemidiscaceae
f:Marynidae

f:Cinetochilidae

c:Echinoidea
f:Vannellidae

f:Strombidiidaeo:Rhodobacterales
f:Cyrtolophosididae

f:Gracilariaceae

f:Oikopleuridae

o:Helotiales

f:Litonotidae

f:Lophodiniaceae

c:Actinobacteria

f:Duboscquellidae

o:Naviculales

f:Kareniaceae

f:Ascidiidae

f:Clausocalanidae

o:Verrucomicrobiales

f:Chytriodiniaceae

f:Bathycoccaceae

f:Melosiraceae

f:Pyrenomonadaceae

o:Pelagomonadales o:Calanoida

c:Cryptophyta

f:Methylobacteriaceae

f:Cyaneidae
f:Goniomonadaceae

o:Microstromatales

o:Blastodiniales

f:Eunotiaceae

f:Corycaeidae

f:Hormosiraceae

f:Adeleidae
f:Nitrosomonadaceae

f:Sphingomonadaceae

f:Euphausiidae

f:Salinisphaeraceae

f:Pelagibacteraceae
f:Apusomonadidae

c:Flavobacteriia

c:Colpodea

f:Trichocercidae

f:Paracalanidae

f:Characeae

f:Rhizosoleniaceae

f:Oxytrichidae

o:Cercomonadida

f:Leptocylindraceae

f:Cafeteriaceae

f:Merlucciidae

f:Attheyaceae

f:Synchaetidae

f:Lithodesmiaceae

f:Thalassiosiraceae

f:Chaetocerotaceaef:Peridiniaceae

f:Amphidiniopsidaceae

c:Fragilariophyceae

f:Stephanopyxidaceae
f:Dysteriidae

o:Dolichomastigales

f:Lynchellidae

o:Siphonophorae

f:Colliniidae
f:Bellerocheaceae

f:Clausidiidae
f:Echiuridaef:Cryptosporidiidaef:Ellisellidae

f:Pleurosigmataceae

f:Dogielinotidae

f:Salpingoecidae

f:Thoracosphaeraceae

o:Cytophagales

o:Syndinialesf:Nereididae

o:Gymnodiniales

f:Pythiaceae

f:Xystonellidae

f:Plesiotrichopidae

f:Engraulidae

f:Pectinariidae

f:Ochromonadaceae

f:Tontoniidae

f:Hesionidaef:Hemiaulaceae

f:Planorbidae

o:Ploima

f:Philasteridae

f:Diplopsaliaceae

f:Calanidae

f:Mesodiniidae

Peronosporales

Balaenoptera

Rhodospirillaceae

Protoperidinium

Doliolidae

Marynidae

adjurhuus@mail.usf.edu



What information does eDNA provide?

1. Interactions between trophic levels

2. Total biodiversity and indicator species over time
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f:Litonotidae

f:Lophodiniaceae

c:Actinobacteria

f:Duboscquellidae

o:Naviculales

f:Kareniaceae

f:Ascidiidae

f:Clausocalanidae

o:Verrucomicrobiales

f:Chytriodiniaceae

f:Bathycoccaceae

f:Melosiraceae

f:Pyrenomonadaceae

o:Pelagomonadales o:Calanoida

c:Cryptophyta

f:Methylobacteriaceae

f:Cyaneidae
f:Goniomonadaceae

o:Microstromatales

o:Blastodiniales

f:Eunotiaceae

f:Corycaeidae

f:Hormosiraceae

f:Adeleidae
f:Nitrosomonadaceae

f:Sphingomonadaceae

f:Euphausiidae

f:Salinisphaeraceae

f:Pelagibacteraceae
f:Apusomonadidae

c:Flavobacteriia

c:Colpodea

f:Trichocercidae

f:Paracalanidae

f:Characeae

f:Rhizosoleniaceae

f:Oxytrichidae

o:Cercomonadida

f:Leptocylindraceae

f:Cafeteriaceae

f:Merlucciidae

f:Attheyaceae

f:Synchaetidae

f:Lithodesmiaceae

f:Thalassiosiraceae

f:Chaetocerotaceaef:Peridiniaceae

f:Amphidiniopsidaceae

c:Fragilariophyceae

f:Stephanopyxidaceae
f:Dysteriidae

o:Dolichomastigales

f:Lynchellidae

o:Siphonophorae

f:Colliniidae
f:Bellerocheaceae

f:Clausidiidae
f:Echiuridaef:Cryptosporidiidaef:Ellisellidae

f:Pleurosigmataceae

f:Dogielinotidae

f:Salpingoecidae

f:Thoracosphaeraceae

o:Cytophagales

o:Syndinialesf:Nereididae

o:Gymnodiniales

f:Pythiaceae

f:Xystonellidae

f:Plesiotrichopidae

f:Engraulidae

f:Pectinariidae

f:Ochromonadaceae

f:Tontoniidae

f:Hesionidaef:Hemiaulaceae

f:Planorbidae

o:Ploima

f:Philasteridae

f:Diplopsaliaceae

f:Calanidae

f:Mesodiniidae



Bioinformatics - MBON Sequencing Work and Data Flow 

Water 
Samples

Water 
Sample

Metadata 
identifier

Sample 
Filtration

DNA 
extraction

PCR (12S, 
16S, 18S, 

CO1)

Illumina
Library 

Prep

Paired End 
Illumina

Sequencing

Paired End 
Sequence 

Reads

Environmental 
Sample 

Metadata

Sample Processing
Metadata (extraction 
method, primers, etc)

Paired End 
Sequence 

Reads

Merge Paired 
End Reads 

(PEAR)

Quality Filter

(USEARCH)

Demultiplex
(Unix - awk)

OTU 
Clustering 
(SWARM)

Taxonomy 
Assignment 

(BLAST + 
MEGAN - LCA)

Annotated 
Sequences + 

Metadata

(.biom)

Data 
Management 
and Comms

(Field, laboratory and NGS)

Data 
Repository 

(SRA, 
Dryad)

Reference 
Database 
(GenBank, 
Silva, etc)

Data 
Repository 

(SRA, Dryad, 
BioProjects)

(QC and processing)

MBON Genomics Teams
• Stanford – Vertebrates (12S)
• MBARI – Phyto, Zooplankton, vertebrates (18S, CO1, 12S) 
• USF – Microbes/Viruses/Zooplankton  (16S)
• FWRI – Phytoplankton  (18S)



Satellite-derived Seascapes 
•Regional to global classification 

of dynamic seascapes
•EMU intercalibration (R. 

Sayre/USGS, D Wright/Esri)
•Case Studies: Arctic, West 

Coast,  Florida
•Habitat –species relationships
•Operational multiscale 

products: collaboration with 
NOAA NESDIS (P DiGiacomo, J 
Trinanes, G Goni)

D
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+
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D
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+
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D

Global classification Regional downscaling

Ecological Marine Units

Dynamic Seascapes Dynamic habitat maps

Arctic MBON; Distributed 
Biological Observatory

Kavanaugh (OSU),  Doney (UVa), Grebmeier (UMCES), Wright 
(ESRI), Otis, Montes, Djurhuus, Muller-Karger (USF)

http://ambon-us.org/wp-content/uploads/2015/09/AMBON_2015_water_masses_a.png


March 11-18, 2016 May 05-12, 2016 September 12-19, 2016

Chlorophytes
Cryptophytes
Cyanobacteria
Diatoms
Dinoflagellates
Haptophytes
Prasinophytes

Seascape validation in south Florida

In prep: Dynamic satellite seascapes as predictors of seasonal shifts of phytoplankton assemblages in south Florida waters. 
Enrique Montes, Anni Djurhuus, Christopher R. Kelble, Daniel Otis, Frank E. Muller-Karger, and Maria T. Kavanaugh



The NOPP Sanctuaries MBON Pilot: 
Primary Goals of Cooperative Agreement

•Use advanced analyses to link the mean 
and fluctuating components of 
biodiversity and ecosystem function to 
environmental conditions



Ocean climate and biodiversity of 
pelagic fish (forage species)

J.A. Santora, E.L. Hazen, I.D. Schroeder, S.J. Bograd, K.A. Sakuma, J.C. Field (2017)
MEPS  Vol 580: 205-220, DOI: 10.10.3354/meps12278

•1995-97 and 2015 
heat waves 
(ENSO) show high 
diversity. 

•Affects fisheries 
and coastal water 
quality.



Megan Hepner et al (thesis and paper in prep)

Reef Fish Biodiversity by No-Take Marine Zones and Habitat Strata in 
the Florida Keys National Marine Sanctuary: 1999 – 2016 

Recommendation: Species 
biomass and diversity can 
be enhanced with 
network of no-take 
marine reserves 



Keystone species assessment over time:

Requiem sharks are likely “keystone”:

broad diet, low occurrence, no predators

Ecosystem Modeling Highlights:
Planning for Conservation in the Florida Keys



The NOPP Sanctuaries MBON Pilot: 
Primary Goals of Cooperative Agreement

•Seek to do this as an operational system



•Seek to do this as an operational system

–Strong partnerships have led to operational MBON elements: 
• US IOOS and RA’s are fully engaged in MBON pilot program

– Established a framework for management of biological ocean observations

– Training in DMAC framework to all IOOS RA’s

– Early warning tool development

–Links to DoI USGS / US OBIS program

• NOAA NESDIS: Global Seascapes now served via CoastWatch

• Integrated Ecosystem Assessment (CA, FL Keys): indicators, 
infographics, data visualizations; MBON Portal development

• National Marine Sanctuaries: Condition Reports

• Worked with NOAA NMFS to develop eDNA srategy

–Heavy input to US OSTP ocean policy vision



NOAA CoastWatch: Operational Global Coverage

Seascape Identity: visualization and analysis

EBVs
Ecosystem Structure 
Class
• Habitat Structure
• Habitat Extent
• Habitat Function 

(time dynamics of 
seascape identity)

Other Classes:

Community 
Composition 
Ecosystem Structure



The NOPP Sanctuaries MBON Pilot: 
Primary Goals of Cooperative Agreement

•Work with other US MBON 
demonstration projects to develop 
network concept

•Sanctuaries MBON
•Santa Barbara Channel MBON
•Arctic MBON
•MarineGEO/Smithsonian
•Animal Telemetry Network (ATN-IOOS)



Work with other US MBON 

• Substantial In-Reach Effort & Activities

• eDNA augmentation of SB MBON

• Seascapes –M. Kavanaugh engaged actively with 
all MBON pilots and beyond

• Data Management and Communications (many 
exchanges)

• Papers:
• eDNA

• Remote Sensing of Biodiversity

• EOV and EBV

• Discussed new joint research efforts



Observing and Understanding Aquatic 
Boundary Habitats

• Provided substantial input to NAS Decadal 
Survey process

• Published community consensus on H4
from LEO 

• (sensible/needed alternative to bio from GEO)

• High: temporal, spatial, spectral, radiometric 
observations

Water Quality                      Wetland Disturbance               Ecosystem Services
Ice-water

Deltas

Estuaries

Corals &
sea grasses

Concept of a LEO H4 sensor



Science requirements for EBV with H4 remote sensing

Muller-Karger, Frank E., et al., 2018. Ecological Applications. DOI: 10.1002/eap.1682.

EBV class EBV
Wetland 

Vegetation

Mangrove/ 

salt marsh

Seagrass Macroalgae Coral Phytoplankton HAB Fish, Zoo-

plankton

Apex predator
Legend

Genetic 

composition

Population 

genetic 

diversity

Unproven

Distribution

Demonstrated 

limited cases

Abundance 
Routine use

Size/vertical 

distribution

Habitat model 

required

Pigments
NA NA

Phenology

Community 

composition
Taxonomic 

diversity

Functional type

Fragmentation/

heterogeneity

Net primary 

production
NA NA

Net ecosystem 

production
NA NA NA

Habitat Type

Benthic Communities

ROUTINE USE  

FOR OPEN 

OCEAN

Ecosystem 

structure

Ecosystem 

function

Species 

populations

Species traits

Pelagic Organisms

Today!



Engage users and 
support Products 
• Quarterly Updates,  
• Short videos,
• Pod casts,
• Sanctuaries MBON website, 
• User oriented webinars and 

tutorials 

1

Story Map 

eDNA Video

Coming  soon: Sanctuaries.marinebon.org

New videos 

Communications & Outreach
CJ Reynolds, Jennifer Brown,

Chris Simoniello, Mitch Roffer



Other outreach

• Project Ocean Watch (Around the Americas)
• Local Science Fairs
• Local schools
• Smithsonian Institute, Ft. Pierce, FL
• Gulf of Mexico IOOS  (GCOOS) E&O Committee
• Southeast US IOOS (SECOORA) Webinar
• Support and engagement from:

• NASA
• NOAA
• US IOOS
• BOEM
• NSF
• GEO / GEO BON / Blue Planet / GEO Wetlands
• IOC (GOOS, OBIS)



The NOPP Sanctuaries MBON Pilot: 
Primary Goals of Cooperative Agreement

•Export the MBON concept globally

Our Approach:

Networking networking networking

• Building a community of practice 

• Standard and best practices

• Respecting/enhancing identity of 
observer groups and stakeholders



Concept: ‘global’ coverage of EBVs means 
integrated land and ocean information 
(e.g. Radeloff + Oliver exploration of joint Dynamic 
Habitat Indices (DHI))



INTERNATIONAL 
LINKAGES

✓National Governments and Organizations

✓International Organizations

✓Non Government Organizations

✓Research Institutions

✓Citizen Scientists

Data integration and dissemination

OBSERVING LIFE IN THE OCEANS FOR SOCIETAL BENEFIT

(- INFORMATION FLOW -)

Global Ocean Observing System
Biodiversity Observation

Network (BON)

ESSENTIAL BIODIVERSITY VARIABLESGOOS: ESSENTIAL OCEAN VARIABLES

OTHER DATA PROVIDERS AND USERS

MARINE OBSERVATION NETWORK

Focus on EOVs driven by societal needs

- Global implementation -

Focus on EBVs driven by science questions

and other user needs (policy, societal)

- National and regional implementation -

National ― Regional ― Global ― Thematic

National Governments      Non Government Organizations      Agencies      Institutions        Citizen Science

+ other national, international data 
systems
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Smithsonian MarineGEO Partnership 
Our infrastructure is people

Smithsonian Institution

• Vital signs:
coastal seabed focus
diversity time series

• Diagnostic tests:
Coordinated exp’ts

• Capacity building



Capacity Building – Field sampling

Pole to Pole MBON



A Global Collaboration:
OBIS + GOOS (IOC) and MBON

Requirements

Data & 

Products

Observations

• Focus on sustained 
observations

• Bring selected EOVs from 
pilot to mature

• Link with platforms and 
observing systems of GOOS 
and GRAs

Biology & Ecosystems

• Open data sharing
• Data integration
• Data quality control
• Data harmonization
• Tools for data exploration, 

visualization and analysis

• R&D focus
• Bring new EOVs from 

concept to pilot
• Assist with the 

establishment of national 
and regional BONs

MBONProducts,
Indicators,

Assessments

e.g.: http://iobis.org/2016/12/15/goosgeobonobis/

http://obisportal-dev.vliz.be/2016/12/14/goosgeobonobis/
http://iobis.org/2016/12/15/goosgeobonobis/


Complementarity between EOV and EBV

Muller-Karger, et al., 2018. Frontiers in Marine Science. https://doi.org/10.3389/fmars.2018.00211

https://doi.org/10.3389/fmars.2018.00211


Honolulu, Hawaii

Substantial MBON involvement
In partnership with 
NSF OceanObs RCN:
- Intellectual sponsor
- Program Committee
- Participation:

- Speakers and panelists
- Breakout sessions

- Post OO19 activities planned
- AGU fall Meeting
- Ocean Sci. Meeting
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A global framework that will
ensure Ocean Science
can help governments
and societies achieve

the major goals of 
our generation2030 AGENDA

SUSTAINABLE 
DEVELOPMENT GOALS

UN Decade of Ocean Science 
forSustainable Development
(2021-2030)



Get in touch

Write to:
oceandecade@unesco.org

Follow all Decade news: 
http://oceandecade.org 

Social media:

IocUnesco IocUnesco ioc_unesco

Towards The Ocean We Need 
for the Future We Want

v.ryabinin@unesco.org

The United 
Nations 

Decade of 
Ocean

Science for 
Sustainabl

e
Developm
ent (2021-

2030)



International Outreach

• Monthly GEOBON MBON 
webinars/telecon
• Videos, recorded webinars

• https://geobon.org/about/events/w
eb-conferences/

• Constant communication with 
MBON co-chairs (M. Costello and 
I Sousa Pinto)

• Collaborate with GEO staff, 
support GEOBON MBON 
workgroup -- targeted 
engagement in key countries, 
expand webinar outreach

2



Peer-reviewed Publications

39 publications
• Topics:

– eDNA
– Essential Ocean Variables and Essential Biodiversity 

Variables
– Biodiversity changes over time and causes
– Recommendations for coastal and ocean biodiversity 

observations from space (H4)
– Mapping coastal wetlands
– Harmful algae blooms
– Capacity building and education strateges

Sanctuaries



Successes of the Sanctuaries MBON 

• MBON is now known nationally and internationally

• Established a framework for biological observations; IOOS adopted

• eDNA: collection and extraction methods tested and validated

• Satellite-based, dynamic seascape products automated pipeline co-developed 
with NOAA NESDIS CoastWatch

• Biodiversity field monitoring program fully implemented in both Sanctuaries

• Expanding links: NOAA ocean acidification program, NOAA Omics, State and 
Federal fisheries & environmental monitoring, Animal Telemetry Network, 
NSF LTER (Everglades), IOOS and other observation programs

• Connected to international policy bodies

• MBON continues to support GEO BON’s WG and TF 



Challenges:

• Development and maintenance of data system / visualization tool:

– The amount of work is staggering – many details

– How to transition to a sustainable model?

• Curation and permanent archive of biological datasets from various sources:

– Identifying and understanding datasets is an ongoing effort

– How do these data transition into a permanent archive? How do we 
maintain access needed for operational & research utility?

– How do we engage monitoring programs to enroll data?

• Operationalization of eDNA to monitor biodiversity

• Communications flow on news and outreach

• Integrating the MBON observations into Condition Reports

• Coordination of myriad moving parts with partners and X-MBON projects

• Building critical international partners and linkages for Pole-to-Pole

• Operational MBON

– Developing path to sustainability

Challenges of the Sanctuaries MBON 



Tracing a Path Forward: Key Recommendations

X-MON pilot efforts made tremendous progress

• Now: Continue focus on the development of a national + international MBON

• Program managers need to provide direction and vision, and

• Provide support for community organization efforts

• Provide support to improve the ‘translators’ to complement the OBIS / GBIF 
Integrated Publishing Toolkit (IPT), which uses Ecological Metadata Language 
(EML) as a standard to capture Darwin Core/Event Core data 

• Work with agency hierarchy to provide budget lines for operation elements

– Integration of observing technologies: seascapes, remote sensing, in situ, eDNA, 
documentation of best practices

– Seascapes evolution:

• Taxonomic and Functional groups, higher spatial resolution and global coverage, coastal land 
cover and nearshore benthic habitats, water quality

• Global wetlands, including mangroves, seagrasses, macroalgae, corals

– Further operational biological data archaeology

– Promote biodiversity measurements, remote sensing and image processing

– Engage internationally : Integration with IOOS, GOOS, OTGA, OBIS/GBIF, ++



Addressing the need for sustained 
observations of marine ecosystems 



Backup



15 GOOS Regional Alliances


