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Executive Summary

As we learn about the diversity of microorganisms and their associated biogeochemical
processes, our view of the world’s ocean ecosystems is being transformed and the
relevance of microbes to the discussion of ocean resiliency and marine resource
management is becoming unavoidable. Yet, contemplation of the sheer number of
microorganisms, as well as their vast diversity and function in our ecosystems, has led to
the realization that we only poorly understand how our planetary biogeochemical balance
(or imbalance) is being realized, how emerging diseases are responding to global change
(warming, acidification, coastal urbanization, pollution), and how microbial processes
should be integrated into our biogeochemical and ecosystem health forecasts.

Given these relatively new insights into the breadth of the microbial realm, as well as the
desire to know more about marine microbes, a community workshop was held in late
November 2011. The aim of the workshop was to discuss ways to enhance NOAA’s
knowledge of the marine ecosystems’ microbial components and to identify tools,
insights and roles specific to microbial science that NOAA should consider embracing.
Certainly, strengthening NOAA’s holistic comprehension of the ocean’s physical,
biological, chemical and geologic components is critical to improving the agency’s
ability to conduct its stewardship role, foster ecosystems’ resiliency and promote
sustainable resource management.

Several programs within NOAA are actively supporting microbe projects, but the
specifics of these activities and associated assets are not well known within individual
line offices, and even less well known across line offices. This workshop was a ‘kickoff,’
in terms of providing a forum for cross-matrix NOAA discussions and for engagement
with the wider microbial science community. The workshop established the important
role of microbes in marine ecosystems and the strong role NOAA has to play in the
marine microbial science arena, given NOAA’s significant environmental sampling
capabilities, its responsibilities for marine ecosystem health and ecological forecasting
and its commitment to understanding biogeochemical cycles. The agency’s dedication to
these activities enables NOAA to better inform constituents on short- and long-term
environmental status, trends and variability, as well as stewardship and management of
our marine living resources. The workshop also illuminated the fact that, the microbial
science community external to NOAA (other government agencies, industry and
academia), has excess sequencing capabilities and capacity compared to ocean sample
inventories. Community resources for analysis, sample storage (freezing) and cataloging
genetic information appear to be well established and, generally, seem well supported;
yet, due largely to cost and logistical difficulty of getting to sea, the community is ocean
sample-limited. This workshop provided also an initial view into partnership possibilities.
The time is ripe for engaging in what will undoubtedly be mutually beneficial
partnerships



Introduction
Microbes are ubiquitous in the marine environment and play many varied roles in the
ocean. As we learn more about the diversity of marine microorganisms (in the broadest

sense — including microalgae, bacteria, protozoa and viruses) and their associated
biological processes, our view of the functioning of world’s ecosystems is being
transformed. Equipped with new insights into the breadth of the microbial realm, we
have the opportunity to enhance our understanding about how our planetary

biogeochemical balance (or imbalance) manifests itself, how/why emerging diseases are
responding to global change (warming, acidification, coastal urbanization and pollution),

and how/why the study of microbial processes should be integrated into our

biogeochemical and ecological health
forecasts.

Microscopic plant-like organisms, called phytoplankton
(pictured here), are the base of the marine food web.
Diatoms are one of the most common forms of
phytoplankton. Yet, certain species of phytoplankton can
also be responsible for “red tides” or harmful algal blooms.
Photo Credit: NOAA

NOAA is looking at ways to increase the
agency’s knowledge of the marine
ecosystems’ microbial components and to
identify tools, insights and roles specific to
microbial science that NOAA should
embrace. NOAA has a strong role to play in
the marine microbial science arena, given the
agency’s significant environmental
exploration and sampling capabilities, its
responsibilities with regard to marine
ecosystem health, and its capacity in

Understanding Microbes & Their
Communities

Most microbes live in highly organized
and interactive communities that are
versatile, complex, and difficult to
analyze from many perspectives. Two of
these challenges are outlined below.
Microbes are exceedingly small—only
1/8000th the volume of a human cell
and spanning about 1/100th the
diameter of a human hair.
Investigating processes within this size
range is challenging.
The microbial world encompasses
millions of genes from thousands of
species, with hundreds of thousands of
proteins and multi-molecular machines
operating in a web of hundreds of
interacting processes in response to
numerous physical and chemical
environmental variables. Gene control
is complex, with groups or "cassettes"
of genes (operons) directing
coordinated transcription and
translation of genes into interacting
proteins.

forecasting ecological/ biogeochemical cycles. This predictive capability is essential to
better inform short- and long-term environmental status, trends and variability as well as
stewardship and management of our marine living resources. Presently, NOAA is
pursuing some aspects of microbial science. This workshop provided an opportunity to



tie NOAA threads together, sharpen the focus of its activities and engage the broader

microbial science community.

Background: Why Marine Microbes?

Scientific Motivation

Microbiologists know, by means of early

studies using microscopic and other
methods, microbes are everywhere -- in
soil, water and air-- and comprise a
significant portion of humans and all
other organisms, both externally and
internally. The world is quite literally
bathing in microorganisms.

Relatively new genetic techniques,
spurred by the Human Genome Project’s
goal of identifying the ~20,000-25,000
human genes, have drastically changed
our viewpoint of Earth and Earth’s

Diatoms are plant-like microbes that rely upon sunlight for
energy. They are typically found in open water, although
some live as surface films in the benthic marine
environment or even under damp conditions. Photo
Credit: NOAA

composition and functioning. Results from applying the Project’s genetic and subsequent
sequencing approaches gave scientists insight into the identity of microbes and their

possible metabolic functions.

Underwater microbial mats have been described as
multi-layered sheets of micro-organisms (mainly
bacteria & archaea) that live by exploiting and, to
some extent, modifying local chemical gradients.
Photo Credit: NOAA OER

Microbes and their communities underpin the
function of the biosphere and are integral to all
life on Earth. They are the earth’s processing
factory of biological, geological, and chemical
(biogeochemical) interactions that make the
earth habitable for humans.

These organisms are capable of existing in
practically any environment and garnering
energy from a variety of sources, from solar
radiation to chemosynthesis (e.g., generated
chemicals coming from the subsurface of the

earth). They also play an essential role in marine ecosystems, driving and serving as
indicators of change in the ocean. Dr. Rita Colwell suggested that microbes are “the
canary in the coal mine” for the marine environment.


http://en.wikipedia.org/wiki/Diffusion

Prior to the technological advances of this
millennium, such as DNA sequencing, the details

of microbial function remained largely unknown.

Photo Credit: Shutterstock/ Benjamin Albiach
Gallan

Yet, the microbial world remains a largely
unexplored frontier of truly confounding
dimensions. For example, it is estimated that there
are billions of times more individual bacteria on
Earth than there are stars in the universe; a single
drop of water contains millions of microbes. Given
their adaptable nature and pervasiveness in the
marine environment, microbes are organisms that
can expand our comprehension of marine life
processes at a whole-system level. Below are
several discoveries [from projects recently funded
by the National Science Foundation (NSF) and
Department of Energy (DOE)] that underscore the
ubiquity and indispensable value of some microbes
in our ecosystems:

e Ocean phytoplankton, such as cyanobacteria Prochlorococcus and Synechococcus,
account for about half the globe’s photosynthesis, producing oxygen that sustains

human and other life.

e Diatoms (ancient, intricately-shape microbes) represent one of the largest groups of

organisms on Earth. They amass carbon in quantities comparable to that in all the

earth's rainforests combined, and very likely, in geological time, influenced the

earth’s climate.

e Phytoplankton and other
microbes are the primary
producers in the ocean and
form the base of all ocean
food webs, leading
ultimately to fish and
marine mammals.

e In the Sargasso Sea—a
body of water thought to
be devoid of life—more
than one million genes

were discovered during Microbial mats were the earliest form of life on Earth for which there is
. good fossil evidence. These microbes can use all types of metabolism
DNA sequencing of and feeding strategies that have evolved on Earth. Chemotroph

. be fi 1 microbiol mats(pictured here) are abundant in deep and undersea
microobe ragments recent Y volcanic environments. Photo Credit: NOAA OER

collected there.

e Fungi also play an important role in the ocean processes and are a potentially
important component in marine microbial food web.



This great diversity and sheer number of organisms has led to a “genomic revolution,” a
collective scientific realization that, while we thought we knew how the planet worked,
there are still many realms to be studied and understood such as microbial processes,
microbial community compositions and elemental pathways. Scientists are only
beginning to explore this microbial world. Thanks to the latest technological
development, the world’s microbes and their unique biochemistries have begun to offer
an essentially limitless store of benefits that can be applied to human needs, including
energy and environmental missions. Understanding microbes in the context of whole
living systems and harnessing their unparalleled capabilities will offer NOAA and the
Nation new solutions to longstanding global stewardship challenges.

Programmatic Motivation

As a nation, we increasingly perceive the critical role of ocean processes in the

functioning of basic Earth systems, yet our knowledge about these processes--many of

which are mediated by microbial communities--remains limited. As we continue to
experience extraordinary changes on
our planet--changes that impact our
lives and livelihoods-- the American
public, coastal/ocean managers and
public health officials are increasing
their demands for predictive
capabilities and early warnings of
environmental changes and related
impacts. These forecasts will help save
lives, reduce human health risks,
sustain healthy ocean and coastal

Image of Arctic phytoplankton. A recent study documented a ecosystems and preserve the economic

massive Arctic phytoplankton bloom beneath the Arctic pack
ice. Until recently, phytoplankton was thought to be restricted benefits of these systems.

to waters free of sea ice. Photo Credit: NOAA

NOAA'’s vision of the future is one where societies and ecosystems are healthy and
resilient in the face of sudden and/or prolonged change. Central to NOAA’s mission is
addressing many of the global environmental challenges we face, including the changing
climate, the increasing number of natural and human-induced disasters, the threatened
and degraded state of our ocean and coasts, and declining marine biodiversity. One of
NOAA'’s primary mandates is to understand and use science to protect lives, property and
resources and to address the dynamics of our ever-changing planet. This mandate
includes characterizing ocean threats to human and ecosystem health, determining coastal
water quality and stewarding living marine resources.



Many believe that marine
microbial science can provide
the foundation for marine
ecosystem forecasting,
prediction and remediation.
The agency’s Healthy Ocean
goal in NOAA’s Next
Generation Strategic Plan
(NGSP), specifies the need
for better comprehension of
the microbial component of
marine ecosystems within the
context of the broader NOAA
vision. Inherent in the NGSP Healthy Ocean Goal and NOAA’s science mandate
(referenced above) is the need to identify clear priorities for marine microbial science.
This is particularly crucial, in light of the capacity of microbes to function as indicators
(and drivers) of change in the ocean. Developing an ecosystem-level capability in
NOAA to focus on microbial science will help us standardize, broaden and focus our
investments.

Harmful algal bloom in the Gulf of Mexico. Photo Credit: NOAA

NOAA is well-positioned,
particularly given recent
advancements in microbial
science-specific tools and
technology, to develop a robust
strategy for incorporating
microbial science in the
agency’s holistic approach to
understanding the earth system.
In the big picture, a better
understanding of the role of
microorganisms in ocean

. Harmful algal blooms produce toxins that impact most marine
ecosystems will allow for organisms. The toxins, in turn, affect humans when they eat the

improved monitoring of the contaminated sea food. Photo Credit: NOAA
overall health of the ocean and a more nuanced grasp of the ocean’s role in regulating and
responding to changes in global climate and other critical ecosystem processes.



Scope of Workshop

The goal of the workshop was to deliberate
and discuss how we can strengthen NOAA’s
holistic understanding and management of

Microbes adapt rapidly in response
to environmental change, an
ability that underlies their survival

ocean ecosystems by enhancing our for billions of years. For example,
knowledge of its microbial components and various species of "extremophile”
by identifying roles and opportunities best microbes have adapted to great

y, ymg . pl? ] extremes of pressure, high surface-
suited to NOAA. During his introductory to-volume ratio enhances
remarks, OAR Acting Assistant interactions and supports

Administrator, Craig McLean, said that a adaptation. Unlike animal cells

. ] they have no protective nucleus for
key to this gathering was to learn from the their DNA, which leaves it more

science community and to let their input vulnerable to alteration. Genes

guide NOAA’s future engagement in e erelly otang Speies.
Moreover, microbial communities

mlcroblgl research. NOAA w1.11 continue to i e ene et
engage its partners from the wider research from viruses that confer additional
community and develop plans to integrate genetic properties and expand

. . . . their range of adaptability.
marine microbe research across its Line
Offices, devising new approaches and
incubating long-term-research in this
important area. In advance of the workshop, the following challenges were imparted to
all invited participants (see Appendices 1 and 2 for more details):

Workshop Challenge 1: Assuming NOAA would be inclined to improve its holistic
understanding and management of ocean and coastal ecosystems by enhancing its
knowledge of the microbial components of the marine ecosystem, are there certain
capacities or activities that will enable NOAA to meet this objective? Are there tools and
insights that NOAA should have vis-a-vis microbes to better conduct its ocean
stewardship activities?

Workshop Challenge 2: Understanding that NOAA, the National Science Foundation,
and the National Institute of Environmental Health Sciences currently conduct significant
activities focused on Oceans and Human Health with some microbial emphasis, what
critical area(s) of study should NOAA specifically pursue to improve our understanding
of marine microbes and their associated functions and services?

Workshop Challenge 3: Acknowledging that NOAA and its partners conduct a
significant portion of the total operational oceanic observations made daily, should these
observations include microbes? If so, what should the observational priorities be? For
example, how important is it for NOAA to understand how microbes vary among
habitats, photic zones, or water masses and whether/how microbes in habitats or water
masses are linked? How important is it for NOAA to understand how the community



composition and distribution of microbes respond to global changes (warming,
chemistry, coastal urbanization and pollution)?

These challenges served as foundational elements for consideration by discussants during
the workshop.

All told, 20 community
participants (see Appendix 3)
from academia and industry
met at the NOAA Hollings
Marine Laboratory in
Charleston, South Carolina,
with a comparable number of
NOAA personnel, to share
their expertise and perspectives
on the current state of
knowledge and technology
regarding marine microbes and
The NOAA-hosted Marine Microbes Workshop was held at NOAA Hollings ~ to help NOAA determine what
Marine Laboratory, Charleston, South Carolina. Photo Credit: NOAA its investment priorities should
be in microbial research and technology. The workshop got underway with introductory
remarks from Craig McLean (see Appendix 4) followed by microbial science and
forecasting/modeling experts from NOAA Line Offices providing overviews about their
programs’/offices’ interests and emphases (see Appendix 5).

Following these overviews, subject matter experts from the external community gave
presentations (see Appendix 6) focused on the following topics: 1) microbe observing
tools and instruments, as well as biotechnology and natural products; 2) biogeochemical
processes and cycling; 3) ecosystem health and emerging marine microbial diseases,
organisms and human health; 4) forecasting microbial responses to global changes.

In addition, all workshop attendees participated in 3 topical breakout sessions (see
Appendix 7 for more details). During each session, major challenges specific to the topic
area, as well as tools/technologies, study methods, and opportunities were identified.

Finally, before the workshop wrapped up, a plenary of all the workshop participants was
convened to formulate a list of major microbe-related science questions, as well as
recommendations for near-term and longer-term activities/investments, for NOAA to
consider (see Appendix 8). The workshop was followed the next day by a meeting of the
NOAA workshop participants to discuss lessons learned and potential next steps (see
Appendix 9).



Workshop Discussion Summaries

Following delivery of the introductory remarks and the charge to participants, the
workshop began in earnest with short presentations by NOAA scientists.

Each presenter described ongoing activities related to marine microbe science in the
National Marine Fisheries Service (NMFS), the Office of Oceanic and Atmospheric
Research (OAR), the National Ocean Service (NOS) and the National Environmental
Satellite Data and Information Service (NESDIS).

NMEFS’ presentation focused on projects supporting: the development of early warning
systems for health hazards; the assessment of climate variation effects on ecosystem
health; the sustainability of aquaculture and

seafood safety; and the assessment of

microbial impact on aquatic animal health.

OAR’s presentation concentrated on
ecosystem modeling. Earth System Models
(ESMs), used in OAR, incorporate only
rudimentary biodiversity information.
OAR’s fundamental message was that
better constraints on microbial rates and
biodiversity would help address many
limitations of the present modeling
framework.

NOS’ presentation described activities

aimed at the deV€10pm€nt of tools and Flow Cytobot, a tool used to optically detect
. Lo . marine microbes. Photo Credit: NOAA.
methodologies to assess: microbial water Upper insert: Instrument deployment site in the
litv: th f 1 1 1 Gulf of Mexico-Texas. Lower insert: Image of a
quality; the use of molecular tools to toxic c;j/gﬁe Dinophysis cf ovum. Photos: Lisa
Campbe.

identify the sources and distribution of
pathogenic microbes in the marine environment; the relationship between nutrient and
contaminant cycling and their impact on Harmful Algal Blooms (HABs); advancing
HABs modeling tools; and human and ecosystem emerging diseases.

NESDIS’ presentation addressed: the use of satellite products to indirectly assess,
monitor, detect, and predict marine microbe presence and distribution; the development
or modification of algorithms to improve the interpretation of satellite imagery in coastal
waters; and NESDIS’ capability to archive and distribute data and information collected
in coastal and deep ocean areas.

10



These presentations provided all workshop participants with a snapshot of NOAA’s
present investment in marine microbe-focused efforts.

EXPERT PRESENTATION - OBSERVING TOOLS, METHODOLOGIES,
INSTRUMENTATIONS & APPROACHES
Dr. John Paul (Distinguished University Professor Biological Oceanography, University

of South Florida) gave the first of four external community expert presentations,

providing an overview of the suite of instruments and tools that are presently available to

observe marine microbes.

The following is a list of the tools and their various capabilities:

e Optical detection is made possible through the use of tools such as the in vivo
pigment spectrometer or
“Brevebuster” or the “Flow
Cytobot,” for in-situ flow
cytometric analysis;

e The “Nucleic Acid Sequence
Based Ampliﬁcation” (NASBA) Flow Cytobot Photo Credit: NOAA?
is used for genetic detection;

e The “Autonomous Microbial
Genosensor” or the
“Environmental Sample
Processor’” can be used to detect  Environmental Sample Processor, Photo Credit: NOAA

a wide range of organisms (e.g.,
microbes, harmful algae, and invertebrate larvae);

e Single cell sequencing can be done using the Cytometric Sorting and Multiple
Displacement Amplification
(MDA) tool that is used for whole
genome amplification;

e Meta-transcriptomics captures gene
expression patterns in natural
microbial communities and gives
insights into the environmental
biogeochemistry;

e Satellite imagery can be used to
detect such things as the

. . .. Multiple Displacement Amplification (MDA) conducts
dIHOﬂageHate Karenia Brevis in the single cell genetic sequencing to enable identification of

Gulf of Mexico. microbes. Photo Credit: Simkovd et al., 2008

Dr. Paul concluded his presentation by suggesting the greatest potential for these tools
and techniques would be to link them all together in the future. Autonomous genetic
sensors show great promise but are costly. In fact, the “wish list” of marine biologists

11



includes a “Microbial Detector Tricorder” that would provide scientists with insights into
species identification, community composition, and activity for all microbes present in a
sample. Something of this nature is not yet available, but it is something to strive for and
likely would enable this field to make great leaps forward. (See Appendix 6-1 for more
detailed materials from Dr. Paul’s presentation).

Dr. Paul’s presentation was followed by a short discussion in plenary that highlighted:

(a) the feasibility and need to develop a microchip to quickly identify marine microbes;
(b) the important role of information technology and bio-informatics; (c) the need to train
scientists and students in bio-informatics; and (d) the need to improve the nation’s
computational infrastructure. The topic of observing tools, methodologies,
instrumentation and approaches was also integrated into the three workshop breakout
session discussions that followed other expert presentations.

EXPERT PRESENTATION - BIOGEOCHEMICAL PROCESSES AND CYCLES

Dr. Margo Haygood (Distinguished Professor in Marine and Biomolecular Systems,
Oregon Health and Science University) discussed the role of marine microbes in
biogeochemical processes and cycles of key chemical elements. Biogeochemical
processes control cycling of biologically important elements such as carbon, hydrogen,
oxygen, nitrogen, phosphorus and sulfur as well as elements of lesser importance such as
sodium, magnesium, potassium, calcium and chlorine.

Results from recent studies on the role of metals in biogeochemistry highlight the
complexity of the

nitrogen cycle.
Nitrogen is the most
common limiting
factor in primary
production. Microbes
dominate processes
and cycles of these
key elements and are
the foundation for
primary production
and for the formation
of new organic matter.
Microbe metabolisms
are very diverse (e.g.,
heterotrophic,
autotrophic, etc.) and

Schematic diagram extracted from Dr. M. Haygood'’s presentation
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microbes play a major role in the modulation of the biogeochemical processes that
include all these important elements.

Factors of greater concern for ecosystem functioning are: warming of the atmosphere and
of the ocean, increased seawater CO, concentration leading to acidification of the ocean
and calcium carbonate minerals under-saturation that strongly influences calcification of
marine organisms, and the expansion of low oxygen zones. The factors highlighted above
reflect natural or anthropogenic events, will affect ocean processes and will have
important effects on the health and functioning of marine ecosystems and the microbes
existing within them (See Appendix 6-II for more detailed materials from Dr. Haygood’s
presentation).

BREAKOUT SESSION |: BIOGEOCHEMICAL PROCESSES AND CYCLES

The breakout session (see Appendix 7-I) that followed Dr. Haygood’s presentation
identified challenges and opportunities, needed tools and methodologies and the top
science questions of interest to NOAA concerning biogeochemical processes/cycles and
the role of marine microbes.

(a) Major Challenges and Opportunities

The natural or man-
made changes
observed in our
environment,
specifically in the
ocean, represent
both a challenge
and an opportunity
for the scientific
community and for
NOAA in
particular. For
example, the “rise
of slime” or
“microbialization”
of the ocean will
lead to habitat loss

and/or changes and Schematic diagram extracted from Dr. M. Haygood'’s presentation

shifts of the
elemental cycles without recovery to base. However, discovery of new habitats and new
microbial functions will lead to the understanding of new processes/cycles.

13



Increased urbanization of our coasts and associated nutrient loadings accelerate the pace
of cycling. This change in nutrient input leads to changes in biological community
structure and ecosystem function.
Consequently, identification of “keystone
species” is essential to understand the
system’s biological processes from the
molecular to the ecosystem level.
Improving our knowledge of the role of
microbes in cycles and environmental
resiliency is then indispensable.
Workshop participants identified some
noteworthy challenges concerning our
comprehension of the marine microbe’s
role in biogeochemical processes and

. . . . Coral disease (an example is pictured here) occurs generally
cychng mcludlng: (a) lack of fundmg to in response to biotic stresses, such as bacteria, fungi, and
advance the needed research; (b) lack of  {Umeratures and palltanss Photo Creai NoAs
communication and dialogue between the
various groups working on that topic; (c) lack of general awareness of the importance of
marine microbes in the oceans; and (d) the need to share and visualize the large amount

of microbe-specific data that has been and will be gathered in the future.

Special attention must be paid to data set management and microbiologists must find new
ways to visualize the large data sets available now and that will be acquired in the future.
It is also essential to increase education and outreach to raise awareness of marine
microbes to ocean.

(b) Tools, Methodologies, Instrumentation and Approaches

The participants identified the need
to focus on strategically selected
regional studies. They recommended
that NOAA provide the community
broad access to its platforms for
sampling, following appropriate
sampling and preservation
techniques. In addition, an effort
should be made to develop new
sensors to incorporate micro-
biogeochemistry measurements into
existing monitoring designs and to
add instruments already deployed on
observing stations.

"Anoxic" or dead zone in the Gulf of Mexico off the Louisiana
coast. Photo Credit: NOAA

14



According to workshop participants, identification of data archiving possibilities and
samples repository capabilities are a must and
NOAA needs to work in collaboration with

other agencies and academic institutions
nationally and internationally to improve
archiving and access to both samples and

data. Common access to new and archived

data is essential to improving the
community’s modeling and forecasting
capabilities.

(c) Top Science Questions and
Opportunities for NOAA
o How are microbial communities

structured, and what are their roles in the

marine environment?
o How do nutrient loadings impact

microbial community structure and what

are the load tipping points?

o What are the sentinel species of
microbes, including viruses, and their
role in the various biogeochemical
cycles?

o Which microbes are “indicators” of
changes in biogeochemical cycles and

ecosystem function? Which ones are the

drivers of these cycles?
o What is the impact of a decreasing

dissolved oxygen, ocean warming and

acidification on these drivers?
o How can these “indicators” be used in
mitigation efforts?

Decline (and Fall) of
Pacific Island Shallow Coral Reefs

Dr. Rusty Brainard of NOAA’s Pacific Islands
Fisheries Science Center (PIFSC) and Dr.
Forest Rowher of San Diego State University,
have had a 5+ year partnership investigating
the health of shallow coral reefs on remote
Pacific islands. PIFSC has been providing
berths on their island cruises to San Diego
State University which has provided
personnel and expertise to characterize
microbial communities. This partnership has
shown that the decline and disappearance of
shark populations in proximity to increasing
human populations and urbanization and
increased nutrient levels, leads to a trophic
imbalance and, ultimately, degraded reefs.

The trophic cascade goes something like this,
reflecting multiple, cumulative effects: the
coral grazer community increases due to
fewer sharks, reduced algal communities
(due to overgrazing) allow for an increased
viral community. As the grazing community
grows, so does the virus community,
ultimately reaching a viral ecosystem health
tipping point, such that viruses dominate and
the reef ultimately dies. Without the
microbial insight, especially viruses, this
puzzle of dying coral reefs would not have
been solved.

This government / academic partnership is a
fine example of how NOAA can work with
outside partners to benefit NOAA’s

To respond to these questions in an organized
way, attendees suggested the organization of
a Gordon Conference on marine microbes to
integrate across disciplines, regions and
groups and to ease transition of basic marine
microbe research results to applications.

stewardship mission, at little to no additional
cost.

15



EXPERT PRESENTATION - EMERGING DISEASES, ORGANISMS AND ECOSYSTEM

HEALTH

Dr. Forest Rohwer (Professor of Biology, San Diego State University) discussed the
impacts of ocean “microbialization” on coral reefs. (See Appendix 6-I1I for more
details.) “Microbialization” means the increase in number and functions of microbes in
the ocean. Most of the microbial diversity in the ocean is actually viral; ten million
viruses exist per ml of seawater whereas the ratio for all the rest of the marine microbes is

one million microbes per ml of seawater.

Interactions between corals and microbes are stress-specific and this association changes
with the type of environment and habitat and with the type of stressors that can affect an
area. Stressors can be local (e.g., overfishing or nutrient additions due to urbanization of
the coasts) and/or global (e.g., ocean temperature and CO, increase with associated
decrease in pH). Experimental work has been conducted to assess how stressors change
the coral-virus communities. In one case, it was discovered that changes in temperature,
pH and nutrients increase the relative proportion of pathogenic microbes (e.g., herpes) in

the ocean environment.

During field studies to assess the health of Pacific Islands’ coral reefs, it was observed
that coral health depends on the number of inhabitants living on the island — specifically
an increase in pathogens (viruses and microbes) is observed in overfished reefs.

Coral cover decreases and prevalence of diseases increases with the number of people
living in the area. In healthy reefs (e.g., Kingman), the primary production supports fish
and sharks, whereas, in degraded reefs (e.g., Xmas), the primary production supports

Black band disease in corals is characterized by a black concentric
or crescent-shaped band that “consumes” live coral tissue on the
colony surface, leaving behind a bare skeleton. Research suggests

that the disease is primarily caused by cyanobacteria. Photo Credit:

NOAA
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microbes (e.g., “microbialization” of
the reef). Viruses and microbes
provide an amplified and early
warning system for ecosystem

shifts.

Changes in stable states are
maintained by changes in microbial
communities. Although on coral
reefs, microbial taxa analysis
appears to be only partially
correlated with alternative stable
states, microbial growth rates and
relative gene abundance are
informative for determining
ecosystem health.



BREAKOUT SESSION IlI:
EMERGING DISEASES, ORGANISMS AND ECOSYSTEM HEALTH
The breakout session (see Appendix 7-II) that followed Dr. Rohwer’s presentation

identified 