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COMMENTARY

A Framework for a
Marine Biodiversity Observing Network Within
Changing Continental Shelf Seascapes

BY FRANK E. MULLER-KARGER, MARIA T. KAVANAUGH, ENRIQUE MONTES, WILLIAM M. BALCH,

MYA BREITBART, FRANCISCO P. CHAVEZ, SCOTT C. DONEY, ELIZABETH M. JOHNS,

RICARDO M. LETELIER, MICHAEL W. LOMAS, HEIDI M. SOSIK, AND ANGELICQUE E. WHITE

Continental shelves and the waters over-
lying them support numerous industries
as diverse as tourism and recreation,
energy extraction, fisheries, trans-
portation, and applications of marine
bio-molecules (e.g., agribusiness, food
processing, pharmaceuticals). Although
these shelf ecosystems exhibit impacts of
climate change and increased human use
of resources (Halpern et al., 2012; IPCC,
2013, 2014; Melillo et al., 2014), there
are currently no standardized metrics
for assessing changes in ecological
function in the coastal ocean. Here, we
argue that it is possible to monitor vital
signs of ecosystem function by focusing
on the lowest levels of the ocean food
web. Establishment of biodiversity,
biomass, and primary productivity
baselines and continuous evaluation of
changes in biological resources in these
economically and ecologically valuable
regions requires an internationally
coordinated monitoring effort that fully
integrates natural, social, and economic
sciences to jointly identify problems

and design solutions. Such an ocean
observing network is needed to protect
the livelihoods of coastal communities
in the context of the goals of the Future

Earth program (Mooney et al., 2013)
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and of the Intergovernmental Platform
on Biodiversity and Ecosystem Services
(http://www.ipbes.net). The tools
needed to initiate these assessments

are available today.

IMPORTANCE OF

MARINE MICROBES
Microorganisms form the base of the
marine food web, play critical roles in
global biogeochemistry, and are highly
sensitive to ecosystem perturbations
both at the bottom and the top of the
trophic structure. The timing, duration,
intensity, and type of blooms of photo-
synthetic microorganisms are essential in
determining recruitment of organisms at
higher trophic levels (Platt et al., 2003).
Bacteria play a central role in nutrient
remineralization; as marine organisms
die, their remains are returned to the
water mostly in dissolved form. This
dissolved matter has a wide variety of
important consequences for aquatic life,
including fertilization of the ocean and
consumption and production of oxygen
and CO, that, over time, contribute to
defining the chemical composition of
various ocean water masses. There are
beneficial, toxic, and pathogenic micro-

organisms. Some produce metabolites

that may have as yet undiscovered
pharmaceutical, agricultural, growth
regulating, or other applications (Hay
and Fenical, 1996; Mimouni et al., 2012).
Some algal blooms may cause harm
through the production of toxins, or
simply by their accumulated biomass;
they can alter food web dynamics, cause
illness or mortality, and lead to substan-
tial economic losses. Climate change will
likely cause shifts in the diversity and
productivity of these organisms due to
the expansion of subtropical conditions
and the simultaneous shrinking of polar
environments (Sarmiento et al., 2004;
Polovina et al., 2011; Chust et al., 2014).
These changes are expected to lead to
profound alterations in bottom-up and
top-down controls on marine ecosystems
(Frank et al., 2005; Casinia et al., 2009;
Doney et al., 2009; Hofmann et al.,

2011; Mozeti¢ et al., 2012; Friederike
Prowe et al., 2012).

Many of the ecosystem services sup-
porting human activities in coastal ocean
waters depend on microorganisms;
however, indirect and direct human
pressures are significantly impacting
these microbial assemblages. These
changes can affect fishery catch potential
(Glantz, 1992; Cheung et al., 2013),
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Figure 1. Examples of coherent biogeographical seascapes that extend across Exclusive Economic Zones (EEZs). Dynamic seascape maps can today be built at
monthly or higher temporal resolutions by integrating satellite observing technologies, in situ monitoring systems, and statistical assessments implemented
through computer models (Kavanaugh et al,, 2013). Historical maps can be derived from measurements collected over recent decades. (left) Examples of
chlorophyll-a concentration images derived from the NASA MODIS-Aqua satellite sensor highlight the locations of some long-standing ocean biogeochemistry
and ecology time-series stations. (middle) The circular panel lists some of the technologies currently available for collecting a minimum set of observations to
define different types of biological diversity in continental shelf ecosystems. (right) Seascape classifications shown were derived from sea surface temperature,
chlorophyll-a concentration, and photosynthetically active radiation (PAR) images from the MODIS sensor (annual mean for 2012, 9 km resolution). These types of
maps can be overlaid on geopolitical jurisdictions and combined with other data on particular uses of the ocean to inform decisions of both managers and users.

patterns of harmful algal bloom occur-
rence (Paerl and Huisman, 2009), and
dispersal of invasive species (Hellmann
et al., 2008; Rahel and Olden, 2008),

and it is likely that they cause other
shifts in marine habitats on continental
shelves around the world that are not
yet identified. These changes may affect
the jobs, economy, and well-being of
coastal communities, in particular, those
of “low-income food-deficit countries”
whose populations obtain > 20% of their
protein from local fisheries (FAO, 2012).
Sustaining such valuable ecosystem
services is thus at the core of every
coastal nation’s security. Proactive efforts
to inform mitigation and adaption policy

must be based on scientific insight and

technological inventiveness so that
nations around the globe can more effec-
tively monitor their Exclusive Economic

Zones (Figure 1).

MONITORING MARINE
BIODIVERSITY

Today, it is still impractical to monitor
the number and diversity of organisms
in mid to upper trophic levels of the
food web. We suggest instead focusing
on understanding ecosystem function
(Cleland, 2012)—the array of biogeo-
chemical and ecological interactions that
take place within a system, as well as the
services that ecosystems may provide.
By targeting the dynamics of micro-

organisms within seascapes spanning

the world’s continental shelves, an oper-
ational Marine Biodiversity Observation
Network (MBON) can achieve regular
assessments of ecosystem diversity and
function (Biodiversity Ad Hoc Group,
2010; Dufty et al., 2013).

Measuring Ecosystem Function

in a Dynamic Environment

There are several challenges in defining
an MBON to achieve regular assessments
of ecosystem diversity and function.

One challenge is establishing an accurate
baseline of ecosystem diversity from
which to detect and quantify changes.
This task requires developing indices that
integrate long historical time series of

environmental and biological data into
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synthetic “mean” conditions (i.e., a bio-
diversity climatology) and choosing

a particular reference timeframe. The
purpose of these indices is to facilitate
calculation of biodiversity “anomalies” to
evaluate quantitatively population shifts
that may result from changes in tides and
currents, transformations mediated by
biological activity, or human interven-
tions that enhance or diminish particular
ecosystem services. The lack of firmly
defined habitat boundaries also presents
a challenge, as dynamic changes in
ecosystems disregard geopolitical juris-
dictions. How do we address this com-
plexity in a way that is useful to resource

managers and other decision makers?

Making Observations in a
Dynamic Seascape Context
Understanding ecosystem responses to
climate and system feedbacks requires
an objective framework to (1) scale local
observations to their regional context,
(2) objectively delineate the regional
boundaries that define unique water
masses, and (3) determine how these
boundaries shift in space and time. In
defining such a system, it is important

to find properties that can be measured

quickly, economically, and over large
areas. One advantage of measuring tiny
microorganisms is that their number
in the ocean is orders of magnitude
larger than that of consumers, and their
total biomass is far larger than that
of all metazoans combined (Pomeroy
et al,, 2007). Furthermore, the various
functional groups of microorganisms
are typically associated with different
chemical and physical ocean properties.
Because of their large numbers, they
change the color of the ocean, and these
colors can be used as a characteristic
index of the biodiversity of these groups.
Subtle changes in color, along with
other varijables, including temperature,
salinity, and wind and current speed and
direction, can be measured from space
using specialized satellite sensors.
Currently, we can track physical
features such as eddies and water masses
in the ocean, basic biological patterns of
chlorophyll and productivity, and simple
measures of biological ecosystem func-
tion over scales of hundreds of meters to
global by using a combination of meth-
ods that include satellite observations,
ship-based surveys, moored instruments,

measurements from networks of drifting
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buoys, autonomous platforms such as
unmanned aerial and underwater vehi-
cles, and computer simulations (Talley
et al., 2010; Chelton et al., 2011; Muller-
Karger et al., 2013). A system that inte-
grates these technologies provides the
capability to measure changes in large
dynamic and coherent biogeographical
regions or “seascapes” (Reygondeau

et al., 2013; Kavanaugh et al., 2013).

TWO ESSENTIAL STEPS
TOWARD ESTABLISHING

AN MBON

We recommend the following specific

actions to construct an effective MBON:

1. Determine the minimum set
of observations needed to define
ocean biodiversity.
Methods to quantify the diversity of
marine microorganisms are still largely
isolated within scientific disciplines,
including biogeochemical oceanography
and molecular biology. We envision an
approach that includes the systematic
linking of in situ observations of phyto-
plankton via traditional microscopy-
based measurements, automated cell
imaging and classification (e.g., Sosik
and Olson, 2007), High Performance
Liquid Chromatography (HPLC) for
pigment analysis, hyperspectral optical
measurements, and satellite imagery.
This MBON vision can benefit from the
following recent scientific advances at
both micro- and macroscales:
Microscale: Advances in genomics now
enable sequence-based identification
of phytoplankton and analysis of
gene expression and functionality.
Environmental DNA (eDNA) tech-
niques now promise insights into the
dynamics and relative abundance of
species across trophic levels without

having to actually capture organisms
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(Lodge et al., 2012; Thomsen et al.,
2012; Taberlet et al., 2012).
Macroscale: Advances in satellite
technology include the Ocean and
Land Colour Instruments (OLCI) to
be flown on the European Sentinel3
satellites, planned for launch in the
2015-2020 timeframe, and the sensors
of the Pre-Aerosol, Clouds, and
Ecosystem Mission (PACE) Project,
under consideration for development
by NASA before the end of this
decade. These sensors will continue
the science-quality ocean color record
initiated by SeaWiFS, MERIS, and
MODIS-Aqua (see http://oceancolor.
gsfc.nasa.gov) but also allow better
classification of broad taxonomic or

functional groups of phytoplankton.

2. Establish connections between
existing international programs
and standardize methodologies to
enable comparison of data.
Building an MBON requires integration
of existing observing systems with
broad-scale monitoring capabilities.
Though limited in number, existing long-
term ocean time series have provided a
needed perspective on how coastal and
ocean biodiversity and biogeochemistry
are changing in response to climate
change (Ducklow et al., 2009; Church
etal, 2013). An important step will be
to strengthen networks of such existing
time-series programs and complement
their observations with the more
advanced technologies mentioned above.
In the United States, the Integrated
Ocean Observing System (I0OS)
program is pioneering the imple-
mentation of an MBON. IOOS has
issued preliminary guidance for
biological data services, including core
variables such as fish, zooplankton, and

phytoplankton species and abundance.

Figure 2. Schematic representation of a pelagic food web and technologies that will support biodiversity
assessments in a continental shelf MBON. Monterey Bay Research Institute/MBARI

The program has identified 26 core
variables to be measured on a national
scale to detect ecosystem change and
to support ecosystem modeling. This
basic MBON hopes to benefit from
assessment data of marine fauna

(fish, reptiles, birds, and mammals)
collected by federally supported infra-
structures (e.g., US National Oceanic
and Atmospheric Administration
[NOAA] National Marine Fisheries

Science Centers, NOAA National
Marine Sanctuaries, and the US Fish
and Wildlife Service), as well as from
scientific initiatives led by academia
(e.g., Tagging of Pacific Predators), and
state-level regulatory agencies.

Several ongoing international scientific
efforts could be engaged to augment the
US-focused IOOS initiatives. For exam-
ple, the Antares network coordinates

research and training activities between
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institutions in Argentina, Brazil, Chile,
Colombia, Ecuador, Mexico, Peru, and
Venezuela using programs such as the
international CARIACO Ocean Time-
Series Program. Time-series stations
managed by each of these countries can
be linked with existing US programs
such as those of the Monterey Bay
Aquarium Research Institute (MBARI)
and the California Cooperative Oceanic
Fisheries Investigations (CalCOFI) as

samples and information, can help
satisfy the critical need for a coordinated
capacity-building and education effort

among partner nations.

The knowledge generated by an

MBON is required to implement an
ecosystem-based management approach
that works across static political bound-
aries and that embraces the concept of

dynamic natural boundaries. It is needed

ONE ADVANTAGE OF MEASURING TINY
MICROORGANISMS IS THAT THEIR NUMBER IN THE OCEAN
IS ORDERS OF MAGNITUDE LARGER THAN THAT OF
CONSUMERS, AND THEIR TOTAL BIOMASS IS FAR LARGER
THAN THAT OF ALL METAZOANS COMBINED.

well as time series programs located in
the Gulf of Mexico, the Florida Keys,

on the northwest coast, at the Martha’s
Vineyard Coastal Observatory (MVCO),
in the Gulf of Maine (Gulf of Maine
North Atlantic Time Series or GNATS),
and elsewhere. Similar networks exist
around Europe and off Africa, such as
the European Time Series in the Canary
Islands (ESTOC), the DYnamique des
Flux de mAtiere en MEDiterranée
(DYFAMED), and the Cape Verde Ocean
Observatory (CVOO).

Coordinating across international
ocean time series efficiently uses existing
infrastructure and helps to establish
common sampling protocols, best
practices, and internal consistency
among observations from different
locations (Lorenzoni and Benway, 2013).
This action, implemented following
the guidelines of the United Nation’s
Convention on Biodiversity for protocols

to collect, process, analyze, and manage

22 Oceanography | Vol.27,No.2

to collect and analyze information about
the relationships between biodiversity
and people in order to support “Driver-
Pressure-State-Response” analyses
(Kelble et al., 2013). Every nation is
charged with the protection of the health
of its citizenry and the preservation of
its cultural and natural heritage, and an
MBON is required to enable this effort.
We urge our political leaders to establish
a Marine Biodiversity Observation
Network and the fiscal mechanisms

to sustain it.
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