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Objective of Research: 
During the second year of the project we continued the development of a demonstration Marine 
Biodiversity Observation Network (MBON) aimed at monitoring changes in marine biodiversity 
within three US National Marine Sanctuaries (NMS): Florida Keys and Flower Garden Banks in 
the Gulf of Mexico, and Monterey Bay on the U.S. west coast.  
 
Under the Cooperative Agreement, the project elements managed by USF are responsible for the 
following agreed objectives:  
 
1. Implement a demonstration Marine Biodiversity Observation Network (MBON) to monitor 

changes in marine biodiversity within the Florida Keys National Marine Sanctuary and the 
Monterey Bay National Marine Sanctuary. 

2. Integrate, synthesize, and augment information from ongoing monitoring programs to: 
a. Provide geographically-integrated time-series metrics of biodiversity and ecosystem 

health;  
b. Define a minimum set of observations required for implementing a practical MBON;  
c. Develop environmental DNA technology and autonomous sample collection methods for 

conducting biodiversity assessments; and  
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d. Bring biodiversity measurements together in a relational database with links to national 
and international databases.  

3. Establish a protocol for rapid use of MBON information by stakeholders in the National 
Marine Sanctuary System and elsewhere. 

4. Build understanding of the connections between marine biodiversity and the social-economic 
context of a region. 

5. Develop a plan to transition the MBON into an operational system through partnerships with 
the U.S. Government and other partners. 

6. Integrate this MBON activity into the international Group on Earth Observations 
Biodiversity Observation Network (GEO BON). 

 
Our team effort continues to focus on how to best contribute to assessments of ecosystem 
integrity, advancing protection of marine resources, and promoting conservation. We continue a 
very substantial effort to use novel eDNA techniques and ongoing observations to evaluate 
habitat diversity, diversity of lower to higher trophic levels, to define the ecological state 
variables responsible for significant change in biodiversity indices, and help identify invasive 
species. Multidisciplinary remote sensing is being used to evaluate dynamic 'seascapes' to extend 
the spatial footprint of the in situ data. 
 
These time series of biodiversity and environmental observations will help construct conceptual 
and forecast models of the inter-relations between human dimensions, climate and environmental 
variability, and ecosystem structure at multiple trophic levels. The program includes graduate 
education and public outreach efforts to be coordinated with the Sanctuary programs, IOOS, and 
various other regional NOAA outreach and extension programs.   
 
Our Sanctuaries MBON team has spearheaded coordination efforts and leverage resources with 
two other MBON demonstrations to be implemented in the Channel Islands NMS and the 
Chukchi Sea shelf, Alaska, as well as internationally through the GEO BON and AmeriGEOSS, 
Blue Planet, Global Ocean Observing System, and the Convention of Biological Diversity (CBD 
- UN).  Transition of the MBON to operations is currently under discussion in partnership with 
NASA, NOAA and the IOOS program.  
 
Expected products and Outcomes in Program Years 3-5:  
1. Conceptual models of ecosystem structure within each Sanctuary including key indicator 

groups (Years 3-5). 
2. A centralized data management plan:  

a) integrates existing biodiversity information spatially and over time from each Sanctuary 
(Years 1-2),  

b) an implementation strategy for IOOS and Sanctuary programs (Years 4-5). 
3. A ‘seascape’ framework to integrate merged satellite and in situ observations (Years 2-5): 

Implementation of seascape products into IOOS Data Management and Communication 
(DMAC) systems (Years 3-5). 

4. Coordination of sample collection, methods, and data integration into DMAC: 
a) Design of an alert system triggered by changes in diversity indices that is readily 

accessible to the Sanctuary’s Research Coordinators, researchers at scientific institutions 
and regulatory agencies, and the public in general (Years 2-3). 
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b) Implementation of the framework into IOOS DMAC (Years 4-5). 
c) List of minimum observations required for an MBON for each Sanctuary (Years 3-4). 

5. Development, validation and deployment of eDNA technologies for continuously assessing 
biodiversity in the Sanctuaries. Identify and train appropriate personnel in the use of these 
technologies. 

6. Design and implement an interactive online biodiversity geospatial information system 
(Years 2-4). 

7. Implementation of a protocol for dynamic, digital input to the Sanctuary Condition Reports: 
a) Include the publication of continuously updated indices of status and trends in key 

Sanctuary state variables (Years 3-5) 
8. Evaluation of socio-economic value and policy options  

a) Workshop in Year 2 
b) Annual information needs assessments in Monterey, FL Keys, Flower Garden Banks 

using smaller workshops and stakeholder surveys 
9. Further develop the international dimensions of the MBON 

a) Consolidate plans for the GEO MBON concept 
b) Advance planning on a Pole to Pole MBON pilot, specifically working with 

AmeriGEOSS in the Americas 
c) Contribute to the convergence on Essential Ocean Biological/Biodiversity Variables 
d) Participate in the development of marine elements to BON in a Box. 

 
Progress Summary/Accomplishments: 
There are six general components to the MBON project: 

 
-MBON Data Management and Communications (DMAC) 
-Field data collections 
-Genomics/eDNA 
-Seascapes and high-res satellite remote sensing products 
-GEO BON MBON 
-PR and E&O activities 

 
Regular regional meetings and teleconferences are carried out to coordinate efforts at each 
Sanctuary and within disciplines (i.e. eDNA, seascapes, DMAC, E&O). 
 
Monthly or near-monthly field efforts at MBNMS and FKNMS are currently coordinated and 
executed.  Development and testing of eDNA methodology, as well as field data collection, has 
progressed to more advanced stages at both the MBNMS and FKNMS. 
 
Discussions and efforts are being led by GCOOS and CeNCOOS RA’s, FWRI, and Axiom Data 
Science to develop mechanisms and tools for synthesizing, integrating, and ingesting 
environmental and biological data using the MBON DMAC system, working closely with the 
IOOS program office. The system will help generate products and distribute maps targeted to 
various end-users.  These efforts include substantial interactions with OBIS and GEO BON. 
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MBON Data Management and Communications (DMAC) Team Activities 
 
MBARI/CenCOOS Data Management Activities 
MBARI and CeNCOOS have been working closely with Axiom on ingesting data and visualization 
products. Monique Messie worked with Jarrod Santora and Maria Kavanaugh to generate a list of 
biodiversity indices to be implemented by Axiom in their portal. Once Axiom had completed the 
implementation feedback was provided on how to improve the display and available calculations. In 
December Philip Goldstein from USGS/OBIS visited MBARI and a plan was developed to ingest 
Monterey Bay data. Lynn DeWitte from NOAA has been working with Philip to attach OBIS metadata to  
CalCOFI and Rockfish cruise data and make it available for ingestion by Axiom from an ERDDAP 
server. PISCO subtidal and MBARI time series data will soon follow. Jennifer Patterson has been leading 
the CeNCOOS MBON DMAC effort. 

 
GCOOS Data Management Activities 
During this reporting period GCOOS staff have been assembling those datasets that have been 
identified to be of value to MBONs for the Florida Keys and Flower Garden Banks National 
Marine Sanctuaries.  Historical and current oceanographic and nutrient datasets were 
transformed into NetCDF files in accordance with  standards and conventions contained in the 
National Centers of Environmental Information (NCEI) NetCDF Feature Templates. Reef Fish 
Visual Census datasets were transformed into NetCDF files in accordance with OBIS-USA 
standards and conventions.  Data in NetCDF files are served using ERDDAP/TDS servers 
(Figure 1).  ERDDAP/TDS are IOOS-approved technologies that support rich metadata, 
machine-to-machine transfers and remote subsetting.  
 
These datasets have now been converted to NetCDF from raw data files: 

- 2006-2016 South Florida Program: 31 cruises of the R/V Walton Smith CTD/Underway* 

- 1994-2014 Florida Keys Reef Visual Census Datase 
- 1999-2014 Dry Tortugas Reef Visual Census Dataset 
- Daily River Discharge for all U.S. GOM rivers from first record to the current day. 

Water Quality Parameters for 5 Gulf States – all known records to 2014 

The following datasets were also provided by MBON participants: 
• FWRI/FWC provided 32 Data Layers and 7 tables relevant to FKNMS MBON 
• Monthly seascape classification maps (2005-2008) produced by Maria Kavanaugh (WHOI) 

(in NetCDF) 
• Satellite data have been provided by USF IMaRS and reside on their servers. 
 
GCOOS purchased a dedicated high-performance computer to run ERDDAP/TDS services to 
host MBON and other data.  We are migrating the MBON data from the cloud to the new server 
at http://gcoos4.tamu.edu:8080/erddap/info/  
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Figure 1.  Screen grab of the ERDDAP server showing Reef Visual Census datasets. 
 
GCOOS participated in most of the regularly recurring phone calls related to program 
management and progress, most of the Data Management Webex meetings related to developing 
data management plans and sent representatives to MBON meetings at MBARI in California and 
NOAA/NASA in Silver Spring, MD. We have been working cooperatively with Axiom Data 
Science to support their analysis tool for computing diversity indices. 
 
In the next year we will continue to transform relevant datasets into NetCDF files and upload 
them into the dedicated ERRDAP/TDS server.  This will include new types of data (e.g., 
genetics) that we have not addressed before.  We will attend an MBON Data Management 
Workshop in Santa Barbara in June 2016.  We will write our MBON FKNMS data management 
plan.  We will work on developing products that support elements of the National Marine 
Sanctuaries Condition Reports for FKNMS and FGBNMS. 
 
FWC / FWRI Data Management Activities 
Activities early in the year were centered on converting the multitude of different FWC datasets 
to GIS particularly from the crustaceans group in the Keys. Getting the data out of Access and 
Excel databases proved to be difficult since not all of the data were in an easily readable state by 
GIS. Many tables had to be converted and linked together to make the databases complete 
because of the one to many links used in Access. After converting the data over to a GIS format 
(Geodatabase /Feature Class), Metadata was attached and edited based on discussion from the 
contributing scientists and recent publications.  
 
After the data conversion was completed on our local machine, it was then added to the 
production server and published through ArcGIS Server 
(http://ocean.floridamarine.org/arcgis/rest/services/MBON/MBON_FKNMS/MapServer) so it 
would be accessible to all MBON members through a REST end point (Figure 2). The new data 
layers were also linked to the http://ocean.floridamarine.org/MBON_FKNMS/JavascriptViewer/ 
for all users without ArcMap or GIS software. 
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Figure 2:  JavaScript Viewer showing Layer Organizer, and Query and Download options. 
 
Throughout the reporting period, maintenance and improvement of the website were standard 
activities.  Data mining, access, and manipulation continued.  Some of these activities included 
the following: 
• Added the common and scientific names to the REEF.org fish data   
• Calculated FIM Commercial catch data totals by species, trophic group and time (1994-2014) 

to be included in FWC’s EcoPath model. 
• Calculated the Federal recreational catch totals by species, trophic group and year (1985-

2015) 
 
Below is a list of all the data layers and tables available through the REST end point. These are 
ingested into both the ERRDAP and Axiom systems. 
 
Service Description: Marine Biodiversity Observing System (MBON) Florida Keys National 
Marine Sanctuary (FKNMS) Biodiversity is most simply defined as the number of different 
organisms or types of organisms that are found in a specific geographic region. However, the 
number of different organisms is not the only key to biodiversity since different ecosystems will 
vary not only in numbers of species but in the abundance and composition of their communities. 
In this sense it is the preservation of the characteristic biodiversity of an ecosystem that is 
important. Given the likelihood of growing pressures on resources due to climate change and 
societal problems in the future, one challenge is to establish an accurate biodiversity baseline by 
which we can monitor changes. This map service serves as the FKNMS group’s online data 
repository for project planning associated with MBON. NOAA’s National Marine Sanctuaries 
system. NOAA-NOS-IOOS-2014-2003803. 
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Layers: 
• SECOORA In Situ Weather Observations (0) 
• Lobster Abundance Transects (1) 
• Timed Searched Lobster Abundance (2) 
• Postlarval Collectors (3) 
• Queen Conch Survey Sites (4) 
• REEF.org Fish Sightings - Key Largo (5) 
• Walton Smith Stations (6) 
• Reef Visual Census 1980-2012 Fish Abundance (7) 
• Reef Visual Census SpRich 1980-2010 (8) 
• Reef Visual Census Abundance 1980-2010 (9) 
• Middle Keys Nearshore Hardbottom Survey (10) 
• FIM Inshore SFL Subset (11) 
• FIM Offshore Tortugas (12) 
• FIM Middle Keys Seine Surveys Sample Locations (13) 
• FKNMS Observed Fish Aggregations (14) 
• Recent HAB Events (2013-2015) (15) 
• Terrapin Observation Locations in Florida (16) 
• Manatee Synoptic Survey (17) 
• Acropora Presence/Absence Locations in Caribbean (18) 
• Rare and Imperiled Fish (19) 
• Artificial Reefs Florida (20) 
• Patch Reefs SE FL (21) 
• Coral Reef Evaluation and Monitoring Projects in FL (CREMP, SECREMP, DRTO 

CREMP) (22) 
• National Benthic Inventory (NBI) (23) 
• Water Quality STORET EPA FL (24) 
• Proposed Sites (25) 
• Unified Florida Reef Tract Benthic Habitat (26) 
• Seagrass Florida (27) 
• Saltwater Marsh Florida (28) 
• Tidal Flats Florida (29) 
• Coral Hardbottom (30) 
 
Tables: 
• MiddleKeys_SeineSurveys_Samples (31) 
• NearshoreHardbottom_Algae (32) 
• NearshoreHardbottom_Fish (33) 
• NearshoreHardbottom_Lobster (34) 
• NearshoreHardbottom_MotileInverts (35) 
• NearshoreHardbottom_Surveys_master (36) 
• NearshoreHardbottom_SessileInverts (37) 
 
FWC / FWRI Data Management and Model Development 
Matrix effects are defined by how the variation in matrix composition, or dominant background 
cover type(s), influences organisms in focal habitat (Forman 1995, Cronin 2007, Prevadello and 
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Vieira 2010). In coral reef systems, where reefs are focal habitat for most reef fish, matrix habitat 
is essentially non-reef habitat (e.g., sand and seagrass). Species responses to matrix effects 
generally manifest via changes in movement and dispersal behavior, changes in resource 
availability, and changes in abiotic habitat, often with meta-population level consequences 
(Driscoll et al. 2013). On smaller scales, the matrix can act as a barrier to movement or resource 
subsidy for focal patch dependent species that generally do not move throughout the larger 
“resistant” matrix (Driscoll et al. 2013). Variation in matrix habitat can also drive different types 
of edge habitat and give rise to local edge type effects (Fletcher et al. 2007). 
 
We used a univariate model selection approach to examine the relationships between reef fish 
functional groups and the scale of matrix effects. In one set of models, abundance and biomass 
response variables were fit separately to connectivity variables that assume no matrix resistance 
and variables that assume matrix resistance. In a second set of models, abundance and biomass 
response variables were fit separately to edge centric variables. The connectivity variables in the 
first set of models speak to the large scale processes of the matrix as an impediment or facilitator 
of movement between patches, while variables in the second set of models speak to the small 
scale processes of the matrix as a resource subsidy or barrier (Driscoll et al 2013). In both sets, 
an intercept only model was included to provide contrast against the mean.  
 
Only the abundance and biomass of reef based Reef Visual Census (RVC) samples were used in 
the aforementioned sets of matrix and edge models. Non-reef, or matrix based, RVC samples 
were used to derive connectivity measures as predictors for the large scale set of models. 
Specifically, functional group occurrence by matrix habitat type informed matrix resistance, 
matrix resistance informed a set of least cost paths, and least cost paths informed a set of graph 
theoretic connectivity measures.  
 
Eight trophic groups met our model selection criteria as being distinguishable from the intercept 
only model by > 4 AIC units and as having non-overlapping zero coefficients in large scale 
matrix models. Of those, four trophic groups were distinguishable from Euclidean distance-based 
centrality measures, indicating a large scale matrix effect for juvenile grunts, omnivores, small 
labrids, and adult snapper. All four trophic groups exhibited a negative response to matrix effects 
in the form of functional connectivity measures. Furthermore, juvenile grunt and large snapper 
abundance was better explained by clustered patterns of connectivity (patch strength) assuming 
matrix resistance, while omnivore and small labrid abundance was better explained by stepping-
stone patterns (betweenness centrality) of connectivity assuming matrix resistance.  Seven 
trophic groups were distinguishable from the configuration, shape, or area of the patch itself, 
indicating a small scale boundary effect for adult and juvenile grunt, adult and juvenile 
invertivorous grouper, juvenile piscivorous grouper, omnivores, and small labrids. 
 
Initial results indicate a negative response to increasing functional connectivity in terms of 
benthic habitat, which is counter to the often positive relationship between abundance and 
functional connectivity found in terrestrial systems. Additionally, several groups appear to 
respond more directly to small scale edge effects, while half of all trophic groups we modelled 
were better explained by mean abundance due to the random effects of strata and year. These 
initial results have at least two immediate implications for how we model and understand the 
trophic dynamics between groups going forward. First, results may suggest many reef fish in the 
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Florida Keys are self-recruiting and strong stabilizing selection has acted to restrict ecological 
connectivity. In fact, many reef studies demonstrate genetic differentiation at individual reef or 
clustered reef scales (e.g., Planes 1993, Planes et al 1998, Taylor and Hellberg 2003, Gerlach et 
al. 2007). Second, post-recruitment density dependent effects are probably stronger than matrix 
effects for several trophic groups.  
 
Our connectivity models are built in a mixed model framework that allows us to incorporate 
them directly into an ecosystem model as a functional response (Figure 3). Our plans moving 
forward are to publish the connectivity modeling work and to focus nearly exclusively on 
refining Ecopath with Ecosim by incorporating time series information, connectivity models, and 
other spatial dynamics. Last, we will evaluate and interpret the trophic dynamics of the system in 
the context of ecosystem monitoring. 
 

 
Figure 3. Left panel: Habitat classification within the study area. Photographs provided by NOAA Biogeography 
Branch. Lower panel illustrates RVC sample locations relative to graph nodes at the centroids of reefs, and least cost 
paths derived from Euclidean distance and matrix resistance surfaces.  Paths assuming matrix resistance are based 
on the adult snapper point selection function in this example. Right panel: Mean matrix resistance value by habitat 
type across all functional groups with 95% confidence intervals. 
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Efforts in the MBNMS: 
 
During this reporting period MBARI and CeNCOOS have contributed to the overall MBON effort in 
several ways: 1) the overall management of the Monterey Bay effort; 2) Integrating, synthesizing and 
augment biodiversity information from ongoing programs; 3) Bringing biodiversity and environmental 
data together and serving it openly using national and international standards; 4) Development and 
application of novel biodiversity methods (eDNA) and systems (AUVs).  

During this reporting period MBARI has maintained a close working relationship with CeNCOOS, the 
Monterey Bay National Marine Sanctuary, NOAA Fisheries scientists and Stanford/COS. It has also 
organized cross MBON DMAC meetings. It is in the process of organizing a Monterey Bay MBON 
meeting scheduled for July 25-26, 2016. 

MBARI continues its time series studies where it measures a wide variety of environmental and 
biodiversity variables. Recently it has augmented its time series studies with collections of environmental 
DNA. Monique Messie from MBARI has integrated different krill databases (CIMT, RREAS, ROV; nets, 
acoustics, video) and investigated krill variability in Monterey Bay. She worked closely with Baldo 
Marinovic (CIMT, net samples), Kelly Newton (CIMT acoustics), Jarrod Santora (RREAS, nets, 
acoustics) and MBARI ROV video. Monique created climatological fields and time series. She is 
investigating the linkages between in situ phytoplankton and  seascapes generated by Maria Kavanaugh 
for the MBNMS. She has generated dominance time series in spatial patterns of 4 km seascapes and 
epifluorescence microscopy at the M1 Station. While seasonal shifts between diatom vs dinoflagellate 
proportions were somewhat coherent with shifts in seascape identity at M1, comparisons of interannual 
patterns will require looking at more detailed seascapes (lower level clusters). In addition to finer 
resolution clusters, she and Kavanaugh are discussing alternative distance metrics as well as the inclusion 
of additional satellite or model datasets to better describe fine scale (<4 km) gradients generated from 
upwelling. Monique also investigated using SOM (self organizing maps) techniques to define “bioscapes” 
based on in situ phytoplankton data. The SOM is of the same class of machine of neural network analyses 
used to classify seascapes and thus particularly appropriate for inter-comparison. The method appears 
promising and correctly categorizes samples into meaningful ecosystem types. The result is sensitive to 
how data are normalized. Monique would like to apply the method to the Florida reef fish dataset. 

Kavanaugh and the MBON team are working with Roger Sayre (USGS) on defining strategies to link the 
Marine Environmental Mapping Units (EMU’s) based on NODC/NCEI chemical and physical 
oceanographic climatological data to the dynamic MBON effort. 

Additional activities on eDNA are described below under the eDNA section (section entitled: 
Environmental DNA (eDNA) Monterey Bay Trials 2015). 

 
The Southwest Fisheries Science Center 
Primary activity over the past year has been the development of indices of biological diversity, 
species richness and species evenness in Central California from 1990-2015, based on the 
Rockfish Recruitment and Ecosystem Assessment Survey (pelagic midwater trawl survey) data.  
This effort was slowed by a necessary overhaul of historical database to standardize observations 
of rare species to a common taxonomic level for purposes of this analysis.  Efforts so far have 



NNX14AP62A – 2015-2016 (Y2) Progress Report: Sanctuaries MBON Demonstration Team 

11 | M B O N  
 

focused on these database improvements, the development of the R code for creating the time 
series calculations, evaluation of potential ocean-climate drivers of these dynamics, and perhaps 
most timely some additional considerations regarding the unusual 2015 ocean conditions that 
record levels of diversity/richness off central CA. Accomplishments include presentation of a 
poster at the February 2016 Ocean Sciences meeting in New Orleans. Poster entitled 
"Monitoring Biodiversity Using Ecosystem Assessment Surveys And Regional Ocean Models 
Within The California Current," (authors Isaac Schroeder, Jarrod Santora, Elliott Hazen, Steven 
Bograd and John Field; abstract below). Next steps will include completion of a manuscript 
based on the core area time series, and developing the means to post and access the data used to 
develop these indices using the Axiom tool data access tool. 
 
Other activities that are ongoing are the ongoing 2016 Rockfish Recruitment and Ecosystem 
Assessment Survey, which included Facilitate collections of water samples for environmental 
DNA (eDNA) study in the Monterey Bay area.  We have worked with Stanford analysts to 
develop routine for collecting water samples from CTDs will be collected at both nighttime trawl 
stations and during the day coincident with visual seabird and marine mammal surveys in and 
around the Monterey Bay/Central California region.  . 
 
ASLO Poster Abstract: The National Marine Fisheries Service has conducted an annual mid-
water trawl survey for juvenile rockfish and other pelagic micronekton every May and June from 
1983 to the present. Although both the spatial and temporal coverage have varied over time, a 
“core” region has been sampled continuously for the region that extends from Monterey Bay to 
just north of San Francisco Bay, California. Stations are located from nearshore waters to the 
offshore environment, but generally within 60 km from land. The mid-water trawl targets a 
diverse micronekton community spanning a range of juvenile stages of fishes, adult forage fishes 
and various invertebrates. Here we use the historical catch data to investigate biodiversity across 
space and time, specifically through developing indices of richness, diversity and evenness. The 
interannual variability of these indices is coherent over three unique ecological regions located 
along the shelf, Monterey Bay submarine canyon, and offshore habitats. Spatiotemporal changes 
in diversity reflect different taxa such as juvenile groundfish, rockfish and other forage species, 
and influx of oceanic species to nearshore habitat during anomalous years. Finally, data from 
CTD casts and from a data-assimilative ROMS model links changes in biodiversity with 
changing environmental conditions. The results of this project will help inform researchers in the 
creation of a Marine Biodiversity Observation Network (MBON) in the Monterey Bay National 
Marine Sanctuary. 
 
Efforts in the FKNMS: 
 
The following three MBON ‘anchor stations’ in the FKNMS have been sampled monthly since 
April 2015 (Figure 4):  

- Molasses Reef (25.380N, -80.010W),  
- Looe Key (24.538N, -81.413W), and  
- Western Sambo (24.478N, -81.717W. 
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These sites have been, and will continue to be, sampled monthly to build a time series of 
biological and environmental observations for the MBON using small boats provided by 
FKNMS and aboard the R/V Walton Smith (South Florida Program, AOML).  
 

 

Figure 4. Location of the MBON and South Florida Program stations 
 
As of May 2016, eight research cruises aboard the R/V Walton Smith and six field campaigns on 
small boats lead by the FKNMS science team (Sean Morton) for the MBON have been 
completed (Table 1). During these expeditions the team collects data and samples, and test the 
logistical requirements for maintaining a long-term sampling program in this region to serve the 
MBON.  
 
Table 1. Summary of sampling effort in the FKNMS, FL Bay, and West FL Shelf for the MBON project showing 

the number of chlorophyll-a (Chl-a), specific absorption of phytoplankton (aph) and detritus (ad), HPLC, and 
CDOM (ag) samples collected and processed.  The number of stations where surface remote sensing 
reflectance (Rrs) has been collected is shown under Rrs. Numbers of samples collected for flow-cytometry 
(FCM), phytoplankton taxonomy (Phyto) and eDNA are also shown. 

 # of 
cruises 

Chl-a aph/ad ag 
Rrs  

 
HPLC FCM Phyto eDNA 

R/V 
Walton 
Smith 

8 274 274 115 31 379 360 526 618 

FKNMS 
small boats 

6 90 90 18  60 90 19 126 

Total 14 364 364 133 31 439 450 545 744 

 
The sampling scheme for the MBON - South Florida Program cruises has significantly expanded 
to target different seascape types.  Our goal is to identify relationships between in situ 
biodiversity and environmental observations, and distributions of various seascape types. We 
also seek to validate the seascape classification model using in situ observations of the various 
constituents that affect inherent and apparent optical properties of the FKNMS, FL Bay and 
Western FL Shelf. Sampling different seascapes will allow us to examine how biodiversity of 

Molasses Reef 

Looe Key 
Western Sambo 



NNX14AP62A – 2015-2016 (Y2) Progress Report: Sanctuaries MBON Demonstration Team 

13 | M B O N  
 

different trophic levels is influenced by changes in ocean chemical and physical properties 
derived from ocean color data.  
 
Satellite seascape maps are being created by Maria Kavanaugh (WHOI) to guide the sampling 
during MBON cruises.  For example, seascape maps (8-day composites) were developed the 
week before and during the March 2016 cruise (March 4-11 and 11-18) to study the 
spatiotemporal evolution of seascapes across the region.  During this cruise, eight seascape types 
were sampled across 27 stations (Figure 5).   
 
 

 
Figure 5. Left: Seascape distributions during the week before (March 4-11) and during the cruise (March 11-18). 
Colors correspond to individual seascape types. The FKNMS limits are shown with the black line and sampled sites 
during the cruise are shown with black circles. Right: underway measurements of CDOM and Chl-a fluorescence, 
salinity, turbidity, and phycoerithryn and phycocyanin fluorescence. 

 

Seascape distributions are being compared to concurrent underway observations (Fig. 5) and 
discrete observations of chlorophyll-a concentrations, specific absorption of phytoplankton, 
detritus, and colored dissolved organic matter (CDOM), eDNA, and harmful algae counts from 
the Florida Wildlife Conservation Commission HAB program (Fig. 6).   

Preliminary results show that seascape types can be variable within a 9-km radius area at some 
sampling sites, whereas other sites exhibit highly homogeneous seascape conditions (Fig. 7).   

These results also show that some seascape types are associated with distinctive HAB 
assemblages (Fig. 6 and 8). 
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Figure 6. In situ Chl-a, specific absorption of phytoplankton (aph), detritus (ad), and CDOM (ag), and harmful algal 
blooms (HABs) counts from the FWC HAB program at selected sampling sites during the March 14-18 cruise. 

 

 

 

Figure 7. Locations sampled during March 11-18, 2016; these showed various levels of seascape heterogeneity 
within a 9-km radius area (shown with crosses). 

 



NNX14AP62A – 2015-2016 (Y2) Progress Report: Sanctuaries MBON Demonstration Team 

15 | M B O N  
 

 

Figure 8. Principal component analysis of common phytoplankton measured as part of the FWC HAB monitoring 
program in samples collected at several sites during the March 11-18, 2016, MBON cruise. Color code denotes 
seascape from which the sample was taken. PC1 is associated with increased Pseudonitzschia sp. abundance, PC 2 is 
associated with increased dominance by Karenia brevis (increases met with declines in other species), PC3 is 
associated with increased Procentrum spp. abundances. 

These efforts will be expanded by the incorporation of bio-optical observations including 
underway chlorophyll-a and CDOM fluorescence, and multichannel particle optical 
backscattering (470, 532 or 650 nm) will be added to the list of parameters already being 
collected during the South Florida Program cruises. 
 

Additional efforts on eDNA are described below in the following section. 

 

Environmental DNA (eDNA) Monterey Bay Trials 2015 

In the Fall of 2015, the MBARI team tested extraction methods, PCR reagents and protocols, and primer 
sets for detecting plankton eDNA in seawater samples. Three target regions were chosen: 18S for 
phytoplankton, and 28S and COI for zooplankton. The protocols for collection, extraction, and PCR were 
written in a document and shared with the Stanford and Florida MBON teams. In February 2016, our 
team coordinated the MBON methods meeting at MBARI with Stanford and Florida members. The team 
discussed eDNA protocols for each group and MBARI presented the banzai pipeline on a dedicated 
server at MBARI for Sanctuary MBON groups to process NGS sequencing data. The MBARI eDNA 
team includes Kris Walz who is in charge of laboratory analysis, Reiko Michisaki who has been working 
on the pipeline and on defining metadata, Mike McCann who has been providing advice on the pipeline 
and Kevan Yamahara who has been supervising the methods and analysis as well as working directly with 
the ESP team as it integrates the instrument on the LRAUV. 

To understand the biodiversity distribution at one location of Monterey Bay (MB), over a period of 6 
months 1L seawater samples were collected monthly from 9 depths at Station M1, ranging from surface 
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to 200m. Depth profile sample extractions resulted in low DNA concentrations. Although DNA was 
concentrated using the Zymo DNA Clean & Concentrator kit, 12S amplifications were unsuccessful and 
therefore sequencing was not possible.  

Vertebrate DNA is relatively less abundant in the water column relative to the planktonic and microbial 
fractions. For this reason, efforts were made to concentrate vertebrate DNA from larger volumes of 
seawater (i.e. 1, 5, 10, & 100L). Centrifugation as well as tangential flow filtration (TFF) were the two 
methods employed to concentrate the DNA from M1 and a near-shore kelp forest location. Minimal 12S 
amplification resulted from this extensive effort. 

Due to the aforementioned challenges, alternative PCR cycling parameters were tested to improve 
amplification and detection of the targeted 12S gene. A single, combination, long primer was tested as an 
alternative to the more time-intensive 2-step PCR procedure in which an Illumina sequencing adapter is 
added after the target 12S amplicon is amplified. Poor amplification resulted from this test, potentially 
due to the low starting concentrations of 12S DNA templates or the longer length of the primer, which 
may have resulted in the primers annealing to themselves. As such, the team continues to use the 2-step 
PCR method as the standard operating procedure and has been demonstrated by members of our team to 
be a more reproducible method (O’Donnell et al., 2016).  

The MBARI team completed 18S and 28S Miseq runs on Stanford and Florida’s method experiment 
samples. This experiment tested different extraction methods and types of filters for eDNA processing. 
Data from the 18S run will be incorporated with 12S and 16S results into a manuscript. In addition, filters 
from MBARI’s eDNA sample collection (2013–2015) were extracted and sequenced for 18S and 28S 
targets. Comparisons were made between 18S sequences and plankton counts collected from the same 
niskin bottles. For some taxonomic groups, similar abundances were found in the sequence data and 
plankton counts. 

After analysis of the 28S sequence data with the banzai pipeline, we determined large numbers of 
sequences were discarded due to low quality Read 2 sequences. We were unable to resolve the issue with 
the current set of 28S primers. In the future, a shorter 28S target amplicon with new primers will need to 
be developed in order to obtain sequence sets that can be compared across samples. We also discussed 
using 16S metazoan primers to replace the 28S primer set for zooplankton detection. 

To optimize the collection and extraction methods across the MBON eDNA projects, a methods 
comparison was conducted using five filter types and three extraction methods. Samples were collected in 
both MB and Florida Keys (FK) NMS. Samples collected in MB NMS resulted in sufficient 12S 
amplifications, however samples collected in FK NMS amplified poorly and when sequenced, the 
sequences contained a high proportion of human DNA. For this reason, the methods comparison 
proceeded using only the samples collected in MB NMS. Samples were sequenced and the resulting data 
are currently being analyzed. Clear distinctions between filter types were noted and led to our decision to 
use PVDF filters for all future collections. The methods comparison manuscript is currently in preparation 
and will be submitted to a peer-reviewed journal. The peer-reviewed paper will be a team effort across the 
MBON eDNA groups. In addition, we anticipate a standard operating procedure for use by NOAA and 
other interested parties will be available from this work within the next year. Figures and data from this 
effort are being submitted by the USF eDNA team.  
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In March 2016, Collin Closek joined the Stanford group as a postdoc on the MBON eDNA team. The 
team collected seawater samples on the NOAA Juvenile Rockfish Cruise along the central California 
coast from April 25th to June 7th. This cruise serves as an opportunity to expand collections beyond 
Monterey Bay and collect from stations along the entire 276 mile-long MBNMS (MBNMS Map, Figure 
9). The resulting sequences from the vertebrate fraction of the seawater samples will also be compared to 
the physical fish counts conducted from shallow midwater trawls on the Rockfish Cruise (Photos). The 
entire eDNA team has access to these samples for cross trophic level investigations.  

The MBON team participated in the CANON15 Monterey Bay cruise on the R/V Western Flyer. Over 
280 filters from a network of stations were collected by Stanford and MBARI team members. At a deep-
water station, filters were collected from the surface to 1000 m at 100 m increments. Those samples have 
been extracted and will be processed for 18S and COI in the coming months to detect metazoan 
organisms along a vertical transect. Sequence data will then be compared to organisms found on MBARI 
ROV video footage during the same time frame. 

Water samples for eDNA were collected autonomously onboard Dorado class (12 inch) AUVs equipped 
with 1.4-L sampling canisters in the Fall of 2015 (60 filters) and March 2016 (20 filters). These filters 
were extracted and samples processed with real-time PCR assays to detect anchovy, Pseudo-nitszchia 
(diatom genus), and P. australis sequences. For one AUV transect in the fall, anchovy DNA copy number 
was larger for inshore stations compared to those over the deepest part of Monterey canyon. Samples 
collected with ESP and LRAUV were similarly processed demonstrating that these AUV collection 
means are viable candidates for autonmous eDNA collections. 

MBARI has a collection of archived samples on GFF filters from monthly cruises spanning 2008–2015. 
From these, we extracted 26 near-shore samples from fall months and again ran real-time PCR assays for 
anchovy and diatom sequences. Large numbers of anchovy DNA copies were detected in samples from 
2013–2015. These results are in agreement with the number of whale sightings recorded during those 
years in Monterey Bay.  The Stanford team is currently processing these GFF samples for 12S to 
determine if we can detect whale DNA in these years. We have started to assemble figures for this 
manuscript on whales and anchovies in near shore areas of Monterey Bay. 
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Archived samples collected by Chavez’s group at MBARI from MB during 2008-2015 are currently 
being processed for 12S sequencing with the aim of using eDNA as an additional line of evidence for 
oscillating trends in the vertebrate community. This work, in addition to the samples being collected in 
the FK NMS, will be selectively analyzed for various trophic levels. Collectively, over the next year we 
aim to develop standard operating procedures across the two NMSs for eDNA processing. 

MBON eDNA Bioinformatic Advancements: 

The MBON project has taken an important step by getting its bioinformatics pipeline up and running, so 
that all of the eDNA partners can easily use the same analyses to create comparable results. The challenge 
for MBON is twofold: first, eDNA sampling yields hundreds of millions of individual sequences and we 
needed a way to process these large datasets quickly. Second, MBON partners are looking at the full 
range of the ocean’s life forms, from bacteria to diatoms to fish to whales. Different groups of target 
species requires using different PCR primers, different quality controls, and different levels of expected 

Fig 9. Black dots on map indicate stations in the Monterey Bay National Marine Sanctuary where both water samples 
and physical fish count data are being collected as part of the 2016 NOAA cruises on the R/V NOAA Reuben Lasker.  
Seawater collected by a Niskin Rosette (upper photo) during the Rockfish Cruise allows the eDNA team to collect 
seawater at specified depths. Filtered seawater samples will be sequenced and allow for detection of organisms from 
those locations, such as the common Pacific White-Sided Dolphin (lower photo). 
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annotation. We needed a way to use a common analytical framework that would nevertheless be flexible 
enough to meet all of the partners’ needs. Thanks to the work of the Kelly lab at the University of 
Washington—who developed the bioinformatics pipeline for vertebrates—we now have a tool that meets 
these goals. MBARI installed the pipeline on a server, accessible to the full team, and in collaboration 
with other team members modified the pipeline so it could be used for microbes, phytoplankton and 
zooplankton. MBARI hosts and continually updates the server that all the teams use as a central hub and 
where everyone can run the most up-to-date pipeline. 

The pipeline is a custom Unix script that links together existing third-party software, along with some 
new code, to move from raw sequences to a table of sequence abundances from identified plants, animals, 
and other organisms. The steps in between involve 1) quality control (weeding out low-confidence base 
calls and pairing forward and reverse reads), 2) figuring out which sequences are similar to one another 
and grouping these together (“dereplication” of identical sequences and “clustering” of similar ones), 3) 
matching sequences to the different water samples from which they originally came (“demultiplexing” the 
samples using nucleotide tags unique to each sample), and then finally 4) comparing the sequences to 
those in a database containing genetic information from millions of known organisms, in order to figure 
out who we’re seeing in the wild (using the NCBI’s blast+ algorithm and complete nucleotide database). 
As a result, the MBON project now has a working data-analysis pipeline for repeatable processing the 
vast amount of data that the eDNA project partners have been generating for the MBON project. 

eDNA Florida Keys Trials (USF / FWRI): 

I. Data synthesized from methods comparisons informed a joint decision between USF, MBARI, 
FWRI, and Stanford on which combination of universal primers, nucleic acid extraction and 
filter type to use for best representation of sequencing data for trophic level interactions. 
Minor fine-tuning of the primers and extraction method to optimize amplification for each 
group is underway. Preliminary results indicate that all eukaryotic primer sets tested are 
successful in amplifying a multiple trophic levels (i.e., from a single PCR), but to varying 
levels of taxonomic resolution.  

II. Since April 2015 the USF group has collected a total of 956 eDNA samples from the main 
stations in the Florida Keys, Molasses Reef, Looe Key, and Western Sambo and surrounding 
areas (Figure 10, Table 2). In addition, approximately 160 samples have been collected and 
archived for the FWRI phytoplankton group. Of these, 30 samples (from September 2015, 
March 2016, and May 2016) have been screened for harmful microalgae species and to get a 
general sense of community structure. 

III. The Breitbart lab carried out a zooplankton methods test to validate environmental DNA data 
with microscopy counts for zooplankton abundance. The samples have been sent out for 
sequencing. 

IV. Samples are being processed for a study on seascape biogeography of phytoplankton and 
microorganisms in conjunction with Maria Kavanaugh. FWC also provided a historical 
database of phytoplankton monitoring data spanning 1997-present to project partners to 
inform  seascape and GIS analysis of historical and MBON survey patterns. 
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V. The bioinformatics pipeline now works for all gene markers used to survey biodiversity of 
microorganisms, phytoplankton, zooplankton and vertebrates. The USF and FWRI groups 
travelled to MBARI for a meeting with the entire eDNA group (USF, FWRI, Stanford, and 
MBARI, as well as UW colleagues) to discuss, observe, and further refine the bioinformatics 
and laboratory protocols.  

VI. Communication has been significantly enhanced between all the groups involved in eDNA 
analysis, as well as between several of the MBON groups. In particular, there are now 
weekly eDNA conference calls between USF, FWRI, MBARI, and Stanford. The Breitbart 
group at USF is also working closely with the Carlson group from the Channel Islands BON 
on optimizing the microbial primers to be used in both projects. 

 

Expected eDNA efforts products and outcomes: 
I. The MBON genomics groups expect to have a standard operating protocol regarding eDNA 

sample processing for all trophic levels early in year 3. 
II. Given the functionality of the MBON pipeline, the MBON genomics groups continue to work 

with project partners to design statistically robust analysis and visualization tools for 
processed bioinformatics data.  

III. The FL genomics team will extract and conduct sequence analysis of approximately 200 
eDNA samples for 16S, 18S, and CO1 genes. 

IV. The FL genomic groups expect to validate eDNA data with appropriate traditional and 
molecular taxonomic surveys for zooplankton, phytoplankton, and targeted groups at higher 
trophic levels (e.g., corals and other invertebrates). 

V. Within the next year, the FL genomic groups expect to publish peer-reviewed manuscripts on 
the progress to date, including the methods comparison and the evaluation of eDNA for 
zooplankton community analysis. 

VI. Samples of opportunity have been collected during the Walton Smith cruises for analysis of 
viruses within the FKNMS; while ancillary to the main goals of this project, we have two 
manuscripts in review that will add to the current body of knowledge of microbiology in this 
region. 

 
The Florida genomics groups are collecting samples for eDNA analysis every month. In total the 
group has collected 956 samples for eDNA since April 2015. In addition to the three main 
MBON stations surveyed monthly in the Florida Keys National Marine Sanctuary (Molasses 
Reef, Looe Key, and Western Sambo), additional sites from surrounding areas were targeted 
during bimonthly research cruises, spanning east of the Florida Keys to offshore of the western 
Everglades, and including Florida Bay. These regions are to some extent interconnected via 
physical processes, however, each also has distinct oceanographic and biogeochemical features 
that likely influence biodiversity at varied spatiotemporal scales. To that end, seascape analysis 
has been integrated into sampling design for the FL cruises to target a gradient of seascapes and 
to inform adaptive sampling relevant to biodiversity to get a more in-depth understanding of the 
Florida Shelf ecosystem and to aid to the main goal of establishing a fully functional MBON in 
the Sanctuary. With the more elaborate sampling plan the Florida genomics group intends to 
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make an intercomparison to biogeographical areas classified with seascape analysis (conducted 
by M. Kavanaugh, WHOI). In addition, opportunistic samples relevant to coastal managers were 
collected by FWRI, e.g., as part of fish kill event response efforts in the western Everglades, and 
during a seagrass mortality event in Florida Bay. 
 
eDNA Aims for 2017: 

Our team aims to complete the following over the next year: 

1. Additional sample collections 
2. Improvement to our collection, extraction, bioinformatic, and analytical methods 
3. Manuscript submitted for the Collection & Extraction Methods Comparison 
4. Continually evolving and public Standard Operating Procedure  

 
 
Phytoplankton in the Florida Keys 

The FWRI phytoplankton group is maintaining a database of phytoplankton samples 
collected/archived as part of the project and during routine monitoring efforts. Limited 
phytoplankton taxonomy data is available for samples surveyed as part of MBON efforts. 
Phytoplankton samples from the main MBON stations screened thus far using standard 
techniques employed by FWRI have low biomass and largely consist of pico- and nano-plankton 
(<20 μm diameter). A settling chamber approach was tested and is appropriate for concentrating 
up to 100 mL of sample as needed. Microplankton (20-200 μm) were more readily identifiable in 
samples collected at other sites during the March and May 2016 cruises. A combination of 
seascape analysis, remote sensing, discrete chlorophyll, and eDNA community composition is 
currently being used to target specific phytoplankton samples for more comprehensive 
taxonomic analysis via microscopy. 
 

Table 2: Sample overview from Florida genomics groups. 
Station eDNA Phytoplankton Zooplankton 
Molasses Reef 102 14 21 
Looe Key 104 14 21 
Western Sambo 100 14 21 
Additional samples 650 120 - 
Total  956 164 63 
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Figure 10. Stations for Florida genomics groups sampling marked in squares. Red squares are stations sampled 
monthly by the Florida Keys National Marine Sanctuary. Black boxes mark stations sampled bimonthly on the R/V 
Walton Smith. 
 
After the methods comparison study to determine best combination of filters and nucleic acid 
extraction, all genomics groups (USF, FWRI, MBARI, and Stanford) made joint decisions on 
which extraction method should be used moving forward. These methods tests analysed samples 
for bacteria, phytoplankton, invertebrates, and vertebrates. The filter and nucleic acid methods 
study performed by Stanford, MBARI and USF is being prepared for scientific publication, an 
effort being lead by A. Djurhuus (USF). As the eDNA field matures, and as the project teams 
continue to refine and validate methodology across trophic levels and sample types, standard 
protocol(s) are updated as needed. For example, to accommodate for the low yield of eDNA 
from the open ocean, especially for vertebrates, some further testing is required to determine the 
chosen extraction method and/or sampling protocol. Methodological variations are discussed and 
communicated across project teams as plans for processing MBON field samples are defined and 
implemented. 
 
Preliminary results from deeper analysis of samples sequenced thus far from the three main sites 
suggest that some eukaryotic primer sets are successful in amplifying multiple trophic levels 
(i.e., from a single PCR), and highlight the utility and thus flexibility with respect to the sample 
preparation methods tested especially for microbes (e.g. bacteria and phytoplankton). For 
example, sequencing of samples from the three main FKNMS sites in April, June, September, 
and November 2015 amplified using the cytochrome oxidase I primers revealed not only 
numerous zooplankton (the target organisms), but also many other vertebrates and invertebrates.  
Vertebrate species detected include numerous fishes (winged lanternfish, gulf pipefish, 
planehead filefish, yellowhead wrasse, creole wrasse, buffalo trunkfish, swordtail jawfish, 
spotfin mojarra, spotfin butterflyfish, hogfish, sardines, stoplight parrotfish, clown wrasse, 
puddingwife wrasse, American butterfish, oceanic lightfish, deepbody boarfish), a green sea 
turtle, and a Caribbean reef shark. Numerous species of sponges, corals, mollusks, worms, crabs, 
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and shrimp were also identified. These preliminary data indicate that the eDNA approach is very 
promising in its ability to simultaneously elucidate the presence of many taxa (both benthic and 
pelagic) across different trophic levels from a single water sample. 
 
The USF team designed a pilot study using a combination of the cytochrome oxidase I and 18S 
primers to assess zooplankton diversity and abundance from eDNA compared with traditional 
microscopy analysis. The preliminary results of a few samples showed that most families seen 
through microscopy were also detected by sequencing the eDNA. Further samples have been 
collected and processed for an in-depth, statistically robust taxonomic validation of zooplankton 
biodiversity as determined with eDNA vs. microscopy methods. 
 
FWC Phytoplankton/eDNA assessments  
Activities since 1/13/16 have been focused on receiving necessary training to prepare and 
analyze eDNA phytoplankton samples from the FKNMS, and providing field samples and 
support. Specific details are below.  
 
• Florida Genomics group meetings (including varied members of USF and FWRI) to help 

plan for MBARI meeting and review updates on methods comparisons (1/13/16); review the 
bioinformatics pipeline (1/22/16); summarize MBARI meeting and identify next steps 
(2/17/16; summary available); review and initiate sample processing through bioinformatics 
pipeline (3/3/16); continue bioinformatics training (3/9/16); discuss methods comparison and 
plan sample processing (3/23/16) 

• 2/10/16 - 2/12/16: Participation in Florida/Stanford/MBARI MBON Meeting at MBARI 
(FWC participants: K. Hubbard and S. Bruzek) to discuss methods, markers, sample 
processing according to trophic levels/geography, sharing reagents and supplies, need for 
positive/negative controls, need for systematic storage and archiving of samples and data, 
target reference sequence databases, etc.  

• 3/10/16: FWRI provided the Breitbart lab with eDNA samples from 10 samples in the 
western Everglades collected following a fish kill in the area caused by the toxic 
dinoflagellate, Karenia brevis; this opportunistic sampling was conducted to see if a signal 
from the fishkill might be present with the eDNA, and since the toxins produced by Karenia 
brevis have been identified as allelopathic to other phytoplankton, this might be an 
interesting dataset w/ respect to biodiversity (phytoplankton and fishkill data available upon 
request)    

• 3/13/16 - 3/19/16: FWRI sent Alicia Hoeglund on Walton Smith Sampling Cruise; additional 
samples of opportunity were collected and screened for harmful phytoplankton using 
microscopy (data available upon request)  

• Late March/Early April: FWRI is using test model datasets, Florida Keys 16S NGS datasets, 
and targeted eukaryotic datasets to work through MBON pipeline to process and visualize 
data analyses.     

• 4/6/16: Impromptu meeting with Florida MBON group and Francisco Chavez to discuss 
project progress 
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MBON IMaRS Satellite Data Processing 
MODIS Aqua 8-day mapped Level-3 files are produced by USF’s Institute for Marine Remote 
Sensing (IMaRS) for the MBON project. Imagery is produced for two Regions of Interest (ROI) 
of this MBON demonstration (FKNMS and MBONS) and for the Santa Barbara Channel and the 
Chukchi Sea MBON demonstrations.  
 
Current imagery is retrieved automatically on a daily basis and added to the most recent 8-day 
composite. The source of imagery is NASA’s Ocean Biology Processing Group 
(http://oceancolor.gsfc.nasa.gov/cms/). 
 
The MBON’s ROI are as follows: 

1. Florida Keys (FK) - 23N to 26N; -84E to -79E 
2. Monterey Bay (MONB) – 34N to 40N; -128E to -120E 
3. Chukchi Sea (CHUK) – 64.68N to 72.83N; -180E to -160E 
4. Channel Islands (CHAN) – Need to define domain 
5. Gulf Mexico (GOM) – 18.25N to 31.0N; -98.0E to -80.0E 

 
The output products being generated are: 

Parameter Algorithm ID Code Units Reference 
Chlor_a CI (default) chlor_a mg/m3 Hu et al. (2012) 
Chlor_a ocx chl_ocx mg/m3 O’Reilly et al. (2000) 
Chlor_a Statistical chl_sw mg/m3 Wattelez et al. (2016) 
Chlor_a RGCI chl_rgci mg/m3 Le et al. (2013) 
ag_443 QAA ag_443 m-1 Lee et al. (2009) 
aph_443 QAA aph_443 m-1 Lee et al. (2009) 
PAR Default par einstein/m2/day Frouin et al. (1989) 
NFLH Default nflh *W/m2/μm2/sr Behrenfeld et al. (2009) 
SST – Day Long-wave sstd Deg. C N/A 
SST – Night Short-wave sstn Deg. C N/A 
Rrs N/A Rrs_XXX sr-1 N/A 
 
The list of output products will include sea ice coverage in the Chukchi Sea.  
 
High-resolution satellite products are being generated automatically for the FKNMS MBON as a 
proof-of-concept. Next steps include automated generation of these satellite products for all other 
ROI. A satellite products pipeline is currently under development to deliver these products to a 
server at WHOI where seascape classification maps will be generated automatically. 
 
GEO BON MBON activities: 
Muller-Karger leads a task team of the GEO Bon Working Group 5. The group has been meeting 
monthly over the phone. The team has developed a vision and specific objectives, as summarized 
below. 
 
Vision: A global network of marine observation networks that monitors all key aspects of 
biodiversity-relevant change to support policy, decision making, and healthy and sustainable 
oceans. 
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Scope of MBONs: 

• Voluntary global network of biodiversity observatories (i.e. entities that are long-standing or 
operational in character; i.e. not just one-time sampling)  

• Broad, including anything that is marine, biological, and relevant to change 
• Spatially local to regional, aggregated as a network with global scope 
• Pan-taxonomic (microbes to whales) 
• Includes pelagic, coastal, benthic, and demersal zones  
• Includes ecosystems, species, and genes 
• Includes ecosystem services 

 
Goal: Facilitate collaboration, coordination, exchange of ideas, tools, and data, and the 
development of new MBONs in gap areas. (The perception is that GEOBON/WG5TT needs an 
actual, practical goal as well as funding to get anything accomplished.) 
 
The present focus is to inventory existing long-standing/operational marine biodiversity 
observations. A separate objective is to understanding the diversity of sampling, data storage, 
sharing practices, and develop a best practices document. This is envisioned as a possible 
contribution to BON in a Box. 
 
Substantial amounts of time are going into the planning of two major workshops aimed at 
broadening the international scope of the MBON: 
 GEO Ministerial Meeting and MBON side event / November 2015 / Mexico 
 CBD SBSTTA-20 meeting, Montreal, May 2016 
 Interamerican Institute for Global Change Research (IAI) meeting, Palisades, NY, May 2016 
 The GEO Marine Biodiversity Observation Network (MBON) Workshop, July 6-7, 2016, 

Leipzig, Germany. 
 GEO MBON Pole-to-Pole of the Americas Workshop, September 26-30, 2016, Puerto 

Morelos, México. 
 GEO Ministerial Meeting / November 2016 / St. Petersburg, Russia 

 
PR and E&O activities: 
In 2016, the MBON website, logo and quarterly update were created and released to a wide and 
public readership.  
 
Website: http://www.marinebon.org 
This site presents an integrated overview of all of the MBON projects, in addition to featuring 
specific information about the Sanctuaries MBON activities. The site links to the UC Santa 
Barbara and AMBON project sites. 
 
The Sanctuaries MBON Quarterly update was started and disseminated in February to inform 
partners and external collaborators about current research activities and updated from each of the 
teams.  
 
MBON Webinar Series: The first webinar will be in September 2016, on Seascapes with Maria 
Kavanaugh (WHOI) and others.   



NNX14AP62A – 2015-2016 (Y2) Progress Report: Sanctuaries MBON Demonstration Team 

26 | M B O N  
 

 
MBON PIs and Outreach Coordinator CJ Reynolds developed a plan to hold ‘state of the 
science” webinars in 2016-2017 to create awareness for new research initiatives, encourage 
further dialogue and support X-MBON outreach in key regions and disciplines. The webinars 
will be recorded, posted on the MBON website and content will be transcribed and repackaged to 
serve as resources.  Kavanaugh’s research will be featured in the first webinar as an MBON core 
program. A companion effort supports the NOAA Ocean Acidification Program. 
 
Reynolds is working with Gabrielle Canonico and outreach/communications staff at NOAA to 
develop a joint plan. Relevant MBON, Ocean Acidification Network programs, and other 
education collaborations will be featured. 
   
Regional Outreach: MBON researchers in California and Florida have been active in 
developing local outreach activities and conducting youth education events. The Office of 
National Marine Sanctuaries (ONMS) ‘Earth is Blue’ video series released a short video titled 
“Pelagic Red Crabs”. Footage of hundreds of pelagic red crabs washing up on the beaches of 
southern Monterey Bay. Andrew DeVogelaere, Monterey Bay National Marine Sanctuary 
research coordinator, discusses the possible cause of this unusual event. MBON is helping the 
sanctuary to understand changing ocean conditions and how they influence wildlife in the 
sanctuary.  
 
The MBNMS and ONMS Conservation Science program staff began pre-production on the first 
video in a new ONMS series to highlight important new findings from a sanctuary’s condition 
report. Researchers will touch on the improving condition and areas of concern, and highlight the 
importance of science collaboration for assessing health of the sanctuary, including MBON’s 
role in helping to develop new and improved assessments of biodiversity. 
 
On May 6th, 2016 Monterey Bay sanctuary research coordinator Andrew DeVogelaere took part 
in an expert panel discussion that followed a screening of the film ‘Racing Extinction’. Part of 
the Sanctuary Exploration Center's First Friday series, this event was a family art and science 
evening focused on Monterey Bay's threatened and thriving species. The event was attended by 
115 members of the public. During a brief introduction before the film screening, Andrew 
emphasized the importance of tracking the abundance and diversity of animals in the sanctuary 
to understand which species are thriving and threatened. He highlighted the importance of 
MBON for developing techniques and technologies, such as eDNA, for monitoring biodiversity. 
 
In St. Petersburg, Florida, GCOOS O/E lead Chris Simoniello has conducted a number of youth 
outreach activities. At the October 2015 St. Petersburg Science Festival, Simoniello conducted 
hands-on learning activities with approximately 200 elementary school children (grades 4 and 5) 
and approximately 5,000 people during the public open-house held in conjunction between the 
St. Petersburg Science Festival and the Florida Fish and Wildlife Research Institute’s Marine 
Quest. 
 
In April 2016, MBON engaged approximately 400 GK-5 students and their families during the 
annual Bay Point Elementary Family Science Night, hosted by the GCOOS Outreach and 
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Education Manager.  Five classroom lessons with hands-on components related to marine 
biodiversity and the MBON project were also given to G3-5 students.       

  
Formal Educator Outreach For school year 2016-2017, Simoniello is working with three 
schools to incorporate IOOS and MBON into their respective curricula. The Lakewood High 
School Academy for Aquatic Management Systems and Environmental Technology (AMSET) 
Program lead is working with Simoniello to enhance their STEM content and establish a 
mentoring program. Bay Point Elementary and Gulf Beaches Elementary schools are working 
with Simoniello on an ocean-themed curriculum for the 2016-17 gifted program. Approximately 
five field trips are planned as part of the curriculum. Support for the field work is anticipated 
from the NOAA Climate Stewards Program, providing a strong link with IOOS, MBON, NOAA 
Climate Stewards and Weather Ready Nation efforts. Simoniello is also working to raise 
awareness of O/E efforts within the MBON sanctuaries by having student-led work highlighted 
in the magazine Ranger Rick. 
 
On August 4, 2016, Muller Karger, Reynolds, USF CMS graduate student Megan Hepner, and 
Simoniello will exhibit and share MBON information with teachers at the Hillsborough County 
Public Schools Professional Study Day. Hillsborough County (FL) is the eighth-largest school 
district in the U.S., with 15,000 certified teachers and 206,841 students in 250 schools. Follow-
up meetings are planned with the Hillsborough County Science Manager on curricula. 
 
Meetings are planned with university and college faculty in Florida to review the portal and 
discuss inclusion in undergraduate marine science programs, and encourage research experience 
for undergraduates.  
  

 

 
Budget expenditures: 
Subcontracts (seven) were established during YR1with partner institutions: Monterey Bay 
Aquarium research Institute (MBARI), Woods Hole Oceanographic Institution (WHOI), Center 
for Ocean Solutions (Stanford U.), Gulf of Mexico Coastal Ocean Observing System Regional 
Association (GCOOS-RA), ROFFSTM, Fish and Wildlife Research Institute (FWRI), and 
Cooperative Institute for Marine Ecosystems and Climate (CIMEC - UCSC). A Ph.D was also 
recruited and hired as a Research Assistant at the University of South Florida (N. Sawaya). We 
continue to support one Master’s graduate student (M. Hepner) and a post-doctoral research 
associate (E. Montes). PI Muller-Karger has 1 month summer salary charged to this grant. 
 
Budget expenditures are on track. There are no changes to the budget for Year 3. 
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MBON Scientific Presentations: 

 
The MBON project and preliminary results have been presented at: 
 
Djurhuus, A. et al.: “Which animals are in the Zoo: Estimating the diversity of Florida Keys 

zooplankton using environmental DNA methods”. Ocean Science Meeting, New Orleans, 
February 2016. 

K. Hubbard. 2016. Overview of Florida’s State HAB Programs and the 2015-2016 Red Tide 
Event. 2016 Gulf States Marine Fisheries Commission Meeting, San Antonio, TX (invited 
speaker).  

K. Hubbard. 2016. Overview of Gulf of Mexico Alliance Efforts to Address Harmful Algal 
Blooms (HABs) and Future Gulf-wide Needs. 2016 Gulf States Marine Fisheries 
Commission Meeting, San Antonio, TX (invited speaker). 

K. Hubbard, M. Robert, S. Bruzek, D. McGillicuddy, and D. Anderson. 2016. Exploring the 
ecology of Pseudo-nitzschia species through targeted environmental and physiological 
investigations. Oceans and Human Health Grantee Meeting, NIEHS, Raleigh NC (poster). 

K. Hubbard and S. Bruzek. 2016. Comparing ecological and genetic diversity within the marine 
diatom genus Pseudo-nitzschia: A multi-regional synthesis. Ocean Sciences Meeting, New 
Orleans, LA (poster). 

Hubbard, K.A. 2015. When specificity matters: Integrating diverse genetic detection approaches 
into phytoplankton and Harmful Algal Bloom (HAB) monitoring in the United States. 11th 
Advanced Phytoplankton Taxonomy Course , Naples, Italy (poster). 

Kavanaugh, M. T. et al.: “A Hierarchical and Dynamic Seascape Framework for Scaling and 
Comparing Ocean Biodiversity Observations”. Ocean Science Meeting, New Orleans, 
February 2016 

McEachron, L.: “Coral bleaching: Implications for species distribution and connectivity 
models”. U.S. Regional Association of the International Association for Landscape Ecology. 
Asheville, NC, 2016. 

Montes, E. et al.: “National Marine Sanctuaries as Sentinel Sites for a Demonstration Marine 
Biodiversity Observation Network (MBON): Remote Sensing of Dynamic Biogeographical 
Seascapes”. Trait-based Approaches to Ocean Life, Waterville Valley, NH, October 5 – 8, 
2015. 

Montes, E. et al.: “Validation of dynamic satellite seascapes classification for understanding 
marine biogeography and scaling ocean biodiversity observations in the Florida Keys 
National Marine Sanctuary”. NASA Biodiversity and Ecological Forecasting Meeting, Silver 
Spring, MD, May 3-5, 2016. 

Montes, E. et al.: “A Hierarchical and Dynamic Seascape Framework for Scaling and Comparing 
Ocean Biodiversity Observations”. GEO BON Open Science Conference & GEO BON All 
Hands Meeting, July 4-8, 2016, Leipzig, Germany. 

Muller-Karger, F. E. et al.: “A Demonstration Marine Biodiversity Observation Network 
(MBON): Understanding Marine Life and its Role in Maintaining Ecosystem Services 
(Invited)”. Ocean Science Meeting, New Orleans, February 2016 

Muller-Karger, F. E. et al.: “National Marine Sanctuaries as Sentinel Sites for a Demonstration 
Marine Biodiversity Observation Network (MBON)”. Ocean Science Meeting, New Orleans, 
February 2016 
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Muller-Karger, F. E. et al.: “National Marine Sanctuaries as Sentinel Sites for a Demonstration 
Marine Biodiversity Observation Network (MBON)”. GEO BON Open Science Conference 
& GEO BON All Hands Meeting, July 4-8, 2016, Leipzig, Germany 
. 

The following meetings where carried out during the 2015-2016 funding cycle:  
 Cross-MBON meeting, October 13-15, 2015, Monterey, CA 
 GEO Ministerial Meeting and MBON side event / November 2015 / Mexico 
 XMBON Meeting February 24, 2016, New Orleans, Louisiana (within OSM 2016) 
 Ocean Sciences Meeting / 21-26 February 2016 in New Orleans, Louisiana. 

 GOOS BEP meeting 
 Accepted sessions: 
 Session Topic: Ocean Observing and Data Management 
o Session ID: 9374 
o Session Title: MBON Voyage: Integrating marine biodiversity into ocean observing 

systems 
 Session Topic: Marine Ecosystems 
o Session ID: 9538 
o Session Title: Observations of Climate Change and Marine Ecosystem Biodiversity 

 
Peer-reviewed publications from MBON:  
 
Djurhuus, A., J. Port, K. Yamahara, O. Romero, K. Walz, D. Goldsmith, R. Michisaki, M. 

Breitbart, A. Boehm, and F. Chavez (in prep). Standardizing filter type and extraction 
method for marine biodiversity monitoring using environmental DNA. 

Montes, E., M. T. Kavanaugh, J. P. Cannizzaro, D. Otis, A. Djurhuus, L. Visser, K. Hubbard, F. 
Muller-Karger (in prep). Validation of dynamic satellite seascapes classification for 
understanding marine biogeography and scaling ocean biodiversity observations in the 
Florida Keys National Marine Sanctuary. Marine Ecology Progress Series. 

Muller-Karger, F. E., Joseph P. Smith, Sandra Werner, Robert Chen, Mitchell Roffer, Yanyun 
Liu, Barbara Muhling, David Lindo-Atichati, John Lamkin, Sergio Cerdeira-Estrada, and 
David B. Enfield. 2015. Natural Variability of Surface Oceanographic Conditions in the 
Offshore Gulf of Mexico. Progress in Oceanography. 10.1016/j.pocean.2014.12.007. 

Kavanaugh, M.T., Oliver, M J., Chavez, F. P., Letelier, R.M., Muller-Karger, F.E., Doney, S.C. 
2016 (In press). Seascapes as a new vernacular for ocean monitoring, management and 
conservation. ICES Journal of Marine Science. 
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