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A Letter From the Director

ell — it has been a great summer at the Bio
Station. Our new 168-foot deep-ocean research
vessel — the Bank of Bermuda Atlantic Explorer
— has seen a busy schedule supporting our scien-
tists in a variety of research endeavors in various
locations throughout the Atlantic Ocean. It has
also been a magnet for scientific explorers from
around the world, who have journeyed to
Bermuda to utilize one of the most advanced
ocean-going vessels in the University-National
Oceanographic Laboratory System (UNOLS)
fleet. Its introduction to our array of scientific
resources has exponentially grown our capabili-
ty, keeping us firmly at the forefront of ocean
science research.

As we introduce the R/V Bank of Bermuda
Atlantic Explorer to many of you for the first
time, we also launch ourselves into a new world
with a change of name that is more than cosmet-
ic. Since our inception in 1903, we have been
known in various iterations as the Bermuda

Biological Station, later completing the name by
adding ‘for Research’, or simply being known in
Bermuda as the ‘Bio Station’ or ‘BBSR’. We
have long thought that the name simply did not
reflect the breadth of the scientific and educa-
tional focus on our campus and our Board of
Trustees decided earlier this year that it was time
for a meaningful change. To that end, on
September 5th, we announced to the community
of Bermuda and to the oceanographic world that
we were to be known in the future as the
Bermuda Institute of Ocean Sciences (BIOS).
With the vast array of scientific programs under-
way at BIOS, the name we have chosen reveals
the expanding palette of work being undertaken.

And that change extends to this magazine,
which we christen as Meridian. We thought a
new name for the institution deserved a fresh
approach to the primary communications effort
dedicated to our BIOS family. We hope you
enjoy the new look and would welcome your
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thoughts on its design and content.

As the world’s attention focuses more and more on the
question of climate change, Bermuda plays a larger glob-
al role in this field through the data collected in the deep
ocean off the island, which provides the longest data set of
continual measurements in the world. On every voyage
undertaken by the R/V Bank of Bermuda Atlantic
Explorer, unique insights are provided into the changing
world around us. These time-series programmes are clear-
ly the most measured long-term stations in the world and
we have seen a change in the temperature of the ocean
over this time. Over the past fifty years there have been
changes in the temperature of the surface ocean — either
human-induced and/or natural. In the deep waters off
Bermuda we have measured a warming of one degree
Celsius during that period. We are only now beginning to
understand the implications of that warming trend to the
oceans and the various life in it.

This role of the ocean in global warming and the
uptake of carbon by the ocean led to the creation of the
Risk Prediction Initiative (RPI), started twelve years ago
by BIOS, in partnership with many re-insurers and insur-
ers located in Bermuda and overseas. Just last October,
BIOS / RPI hosted a meeting entitled “Assessing,
Modeling and Monitoring the Impacts of Extreme Climate
Events”, where thirty of the top tropical cyclone, wind,
hail, rain and flood experts came to Bermuda to share their
expertise with the insurance industry. Scientists from the
Massachusetts Institute of Technology, University of
Southern California, and other universities within the
United States; from Germany, the United Kingdom,
France, and Spain, to name but a few, came to Bermuda to
take part in this timely meeting. A book based on this
meeting is in the final stages of pre-publication.

In just the last month, BIOS has hosted a workshop on
catastrophe modeling for twenty members of the insur-
ance industry with instructors from Princeton University,
the University of Rhode Island, the National Institute of
Standards and Technology, and the University of
Southern California. This has triggered the first step in
establishing a Risk Institute at BIOS to provide educa-
tional opportunities for both Bermudians and non-
Bermudians on modeling risk and the role of climate on
the insurance industry business model. It is fair to say
that Bermuda provides a perfect environment to bring the
insurance and re-insurance industry together with the
leading proponent of climate science, as we search
together for answers to the perplexing questions that we
encounter in our scientific realm.

The BIOS team is moving rapidly forward in develop-
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ing a graduate school in conjunction with major universi-
ty partners from the United States and the United
Kingdom. I should have more to report to you early in
2007 on our progress. In the meantime, during 2006, we
have hosted eleven undergraduate students from Princeton
University; eighteen students from Duke University;
eleven from Southampton University in the United
Kingdom; fifteen from the University of Rhode Island;
and, thirteen from Roger Williams University. Our two
summer courses were attended by twenty-four undergrad-
uate and graduate students from around the world. We also
mentored six undergraduate interns during the summer
and eight students this fall from universities throughout
the United States. It has been a stellar year for our univer-
sity-level programmes with more students engaged in the
undergraduate curriculum than ever in the past.

We continue to expand our footprint in the communi-
ty by offering more projects under the banner of the new
Bermuda Ocean Education Programme. Included in this
effort is the summer programme called Waterstart, which
saw over seventy students involved in week-long immer-
sions in the environment of the ocean, gaining a greater
understanding of the science that underpins the effort to
maintain a healthy planet. And coming in the first quar-
ter of 2007 is BIOS Explorer, the successor to JASON.
With a unique curriculum focused on the local Bermudian
environment, B/IOS Explorer will reach out to thousands
of middle school students, working with teachers and
children alike to integrate a meaningful field trip to BIOS
into their environmental studies in the classroom. You
will hear more about B/OS Explorer in the first quarter of
the new-year.

As always, your financial commitment is vital to the
future of BIOS. Whether an unrestricted gift, specific proj-
ect support, or perhaps a legacy gift that ensures a grow-
ing endowment, your involvement with us is crucial to a
strong future for the scientists and educators who have
committed their lives to the pursuit of discovery that ulti-
mately benefits us all. In advance, thanks so much for
investing in healthy oceans for our children’s sake.

Anthony H. Knap, PhD
President and Director



Engaging the Next Generation
of Ocean Stewards

by Thomas L. Stephenson

Cris Todd and Kervin Moreno
overlook the South Shore
PHOTOGRAPH BY ANTOINE HUNT

s you can glean in your reading of this first edition of
Meridian, change is afoot throughout our institution.
That’s hardly new for this 103-year old organization,
as the many scientists, researchers and educators
through that time have adapted to the science and edu-
cational needs of the day and produced exceptional
results that have stood the test of time. As an example,
it’s been over fifty years since the first hydrological
measurements were made at Hydrostation ‘S’, located
15 nautical miles south of Bermuda. They constitute
the longest set of consistent measurements in the
world of ocean sciences. It’s that constancy that inter-
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estingly enough underpins the change.

Our scientific explorers eagerly pursue new
avenues of discovery while keeping a vigilant eye
upon the steady accumulation of valuable data that
informs them of trends that may impact their research.
Our scientists are methodical, whether studying the
specific effects an ecotoxin might have on a coral reef
or perhaps gazing into a petri dish, as they culture a
group of organisms in the hope of finding a new
answer to the questions they pursue. They also lean
back and dream the ‘what if’ not content with simply
accepting the research norms that might be driving the
science at that moment. The worked accomplished at
BIOS is cutting-edge, precise, bold and ultimately
focused on preserving the health of our oceans. As a
supporter of BIOS you can be assured that you’re
investing in a noble endeavor.

We have donors that go back through many
years and well into decades. They were inspired by
the scientists and researchers, and ultimately the
mission and vision articulated by the leadership of
BIOS over the years. This support from Bermudian
donors, and from others around the world, has
helped to build an Institute that is at the forefront of
training the next generation of marine scientists.
As a donor, there is so much to choose from in con-
sidering whether a portion of your philanthropy
should be directed to the work at BIOS.

You might decide to give annually to the unre-
stricted campaign which ignites the capacity of the
institution to strive for extraordinary goals. In
doing so, you ensure an infrastructure that is fiscal-
ly sound with the people and systems that an organ-
ization of this sort requires to not only be competi-
tive, but to become the best at what it does. Or you
may choose to give to a specific project that is close
to your heart, one that inspires your interest in dis-
covery or supports the work of our university-level
educational team. Or you might grasp the opportu-
nity to name a laboratory aboard the R/V Bank of
Bermuda Atlantic Explorer or see your family crest
fly from the bridge for an entire month, every year,
as the vessel sails on one of its many voyages of dis-
covery. Or you can be a part of growing our endow-
ment through a legacy commitment that allows us to
build upon the excellence being demonstrated daily
by our faculty and scientific staff. As you might
surmise, the opportunities to make a difference are
bountiful. It rests with you to decide how you might
like to measure your commitment.
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We would like to offer one further possibility.
BIOS has established a new project this year called
Bermuda’s Ocean Education Programme, designed
to impact the children of Bermuda at the middle
school level through senior high school. The mis-
sion is clear: to inspire in Bermudian students a
lifelong passion to pursue learning in science,
mathematics, and technology through exploration
and discovery. We set out to achieve this vision in
the following ways:

@ BIOS Explorer for grades 6-9.
@& Waterstart for grades 5-12.

@ Marine Science Day, our annual open house
for Bermuda’s families.

& The Bermuda Programme, offering internships
at BIOS for aspiring young scientists in their
teens.

& An ongoing BIOS commitment to assisting
teachers in the classroom with curriculum
development and core teacher training.

As a donor — you, your company or your foundation
— can be a part of this emerging commitment that
BIOS has for our local community. As of this writ-
ing, we can count Butterfield Bank, the Bank of
Bermuda Foundation, Shell Companies of Bermuda
Limited, and ACE Group Limited as leading under-
writers for this project. Along with the generosity
of an anonymous private donor, we have begun to
raise the necessary capital to deliver on our vision.
With your help, we can ensure the future they
inherit will include a greater understanding of their
roles as stewards of the environment. The next
generation will exist in a complex world, with no
easy answers to the questions they will have to
face. We at BIOS hope to inspire them to think
more critically, more thoughtfully — and to recog-
nize that they stand on the threshold of a new
opportunity in a global community that prizes the
educated young man and young woman. As a
donor to Bermuda Ocean Education, you can be a
integral part of that effort.

Contact us at (441) 297-1880, extension 113, to
learn more about Bermuda Ocean Education



The R/V Bank of Bermuda Atlantic*Explorer
steams in to Ferry Reach.
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From Vision to Reality

ver the past two decades the waters off Bermuda

have become a laboratory of ecosystem

research. The number of scientists who desire to
engage in marine research in the Atlantic Ocean and especial-
ly the Sargasso Sea guarantee that this increased scientific
focus will continue. As a result, the trustees of the Bermuda
Institute of Ocean Sciences (BIOS) determined that a larger
and more capable vessel would be required to replace the cur-
rent research vessel, the Weatherbird 1. The R/V Weatherbird
11 had been brought to Bermuda and began its operation at
BIOS in November, 1989. In late 2004, BIOS ship opera-
tions, and a group resident scientists, corporate members and
trustees were tasked with providing options for replacing the
R/V Weatherbird II. The R/V Seward Johnson II at Harbor
Branch Oceanographic Institution, located in Ft. Pierce,
Florida, was identified as a suitable replacement vessel. The
size and capabilities of the R/V Seward Johnson 11, a class 111
vessel, would alleviate the principle operational deficiencies
associated with the R/V Weatherbird 1I.

The vessel was purchased in October of 2005 and was
then configured and modified to better support the types of
science activities conducted off Bermuda. The most extensive
modification made was the fabrication of an integrated
Conductivity, Temperature and Depth (CTD) cast garage and
deployment/recovery station that would be capable of han-
dling the 24-place CTD rosette package used for the Bermuda
Atlantic Time Series (BATS) operations. The R/V Seward
Johnson Il was renamed and christened in March 2006, tak-
ing the name — R/V Bank of Bermuda Atlantic Explorer —
representative of the primary sponsor, whose gift supported
the purchase of the new scientific research vessel.

THE DAWN OF A NEW ERA

There were several other principle benefits of replacing the
R/V Weatherbird Il with the R/V Bank of Bermuda Atlantic
Explorer. She is small enough to navigate Ferry Reach and
berth at the new BIOS dock facility, but large enough to
greatly improve seaworthiness and conduct science opera-
tions. Expanded deck space carries up to four 20-foot scien-
tific vans and/or work boats simultaneously. She allows for
the launching of larger scientific mooring buoys and instru-
ments, along with providing more room for multi-investiga-
tor equipment. There is larger wet and dry laboratory space
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and greater stability for carrying more delicate instruments.
In addition, there is greater science berthing capacity (up to
22 scientists) and larger lab space, providing a more con-
ducive environment for education at the K-12, undergraduate
and graduate levels.

Home port advantage of a suitable Class III vessel in
Bermuda will serve to reduce overall University — National
Oceanographic Laboratory System (UNOLS) fleet costs by
reducing the number of transit and mobilization days and
improving overall East Coast fleet efficiencies.

One of the major aims of the vessel being based at BIOS
is to support funded science research in the oligotrophic sub-
tropical gyre of the North Atlantic Ocean. This region is an
important modulator of the oceanic cycling of biogeochemi-
cal (N, P) and radiatively (e.g., CO2) important elements, air-
sea heat and salt transport, as well as climate. The ease of
access to these deep waters has allowed the UNOLS vessel
based at BIOS to significantly contribute to national as well
as international efforts to improve our understanding of ocean
processes and global issues. Factors such as climatic change,
the complex interaction and feedback between climate phe-
nomena, global warming, ocean biogeochemistry, and
ecosystem variability and health can thus be studied. The
Bermuda time-series activities are increasingly important for
capturing unpredictable, larger-scale and lower-frequency cli-
mate variations associated with climate phenomena such as
the North Atlantic Oscillation (NAO) and EI Ni( o Southern
Oscillation (ENSO).

PROGRAMME ENHANCEMENT AND DEVELOPMENT
The principal users of the R/V Bank of Bermuda Atlantic
Explorer will continue to be the four ongoing oceanographic
time-series operations: BATS, Hydrostation ‘S’ (HYDRO),
the Oceanic Flux Programme (OFP) and the Bermuda
Testbed Mooring (BTM). In addition to research directly sup-
ported by these grants, the time series programmes together
provide seagoing opportunities for sample collection in sup-
port of a wide diversity of National Science Foundation
(NSF)-funded research. BIOS ship operations collaborators
include Woods Hole Oceanographic Institute, the University
of California at Santa Barbara, and University of Miami
Rosenstiel School of Marine and Atmospheric Science.

The enhanced capabilities of the R/V Bank of Bermuda



Atlantic Explorer allows for development of courses specif-
ically geared to training in shipboard methodology and tech-
nical training for the UNOLS fleet. The ship intends to con-
tinue in the tradition of the R/V Weatherbird II, as many
undergraduate, graduate and post-graduate students have
received training or conducted their research using the R/}
Weatherbird I1. The R/V Bank of Bermuda Atlantic Explorer
will contribute significantly to improve the training and
experience of young research scientists and technicians,
through participation with oceanographic time-series pro-
grammes. BIOS ship operations hosts undergraduates from
Duke University, University of Rhode Island, University of
Southampton in England and a BIOS-hosted, NSF-funded
Research Experience for Undergraduates (REU), designed to
gain valuable first-hand scientific experience at sea.

In July this year, the new ship hosted its first cruise with
the BIOS Educational Department’s Waterstart Marine
Science Internship Programme. Fifteen students from
Bermuda, ages fourteen to eighteen years, participated on a
hydro cruise, providing an opportunity for the teenagers to
work alongside and watch the scientists at work collecting
data. These cruises give students an opportunity to under-
stand how the ship’s officers, crew and technicians interact to
make the process of science successful.

FUTURE OUTLOOK

Requests for time-series cruises to support collaborative and
ancillary NSF-funded research continues to grow. Time-
series measurements are a major focus of the U.S. and inter-
national Joint Global Ocean Flux Study (JGOFS) science
plans. In the future, ocean time-series will be important com-
ponents of ocean biogeochemical programmes and ocean
observing networks supported by the National Science

10

Sunrise on the Sargasso Sea
PHOTOGRAPH BY STUART HALEWOOD

Foundation. The two NSF-funded stations, Bermuda and
Hawaii, are central to national and international plans for a
network of ocean time-series stations, and are being used as
models for time-series research efforts by other countries. In
addition, these two sites are important training and testing
grounds for both the national and international efforts to
study biogeochemical cycles in the ocean. In fact BIOS is the
only Atlantic UNOLS vessel host institution that has acces-
sibility to deep waters within a few hours steam of the dock.

BIOS has always sought to be at the forefront of scientif-
ic inquiry in the ocean sciences. From the small boats of the
early 1920s, to the use of the 65-foot R/V Weatherbird I in the
early ’80s and the 115-foot R/V Weatherbird II until 2005,
BIOS has always had a commitment to deep ocean research.
The acquisition of the 168-foot R/V Bank of Bermuda
Atlantic Explorver positions BIOS as one of the primary
resources for our researchers and others with whom the
Institute collaborates, and will allow the institution to expand
its horizons, enhancing its scientific and educational mis-
sions. This ship will become a platform for educating the
next generation of scientists, young men and women who are
in our local school as well as and in colleges and universities
around the world. We now have the means to be a significant
force in the field of marine science.

Since the purchase of the R/V Weatherbird Il in 1988,
hundreds of researchers have logged thousands of days at
sea, and have returned with an expanded comprehension of
the ecology of the North Atlantic Ocean. The R/V Bank of
Bermuda Atlantic Explorer will offer an even better platform
for significant discovery over the next two decades and
beyond. The new research ship is another example of
Bermuda’s commitment to ensuring healthy oceans for our
children and for generations to come.
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Designed to Meet the Needs
of Ocean Research and Education

by Dr. Maureen H. Conte

he arrival of the R/V Bank of Bermuda Atlantic Explorer in
March 2006 launched a new era of greatly expanded oceano-
graphic research and educational opportunities at the Bermuda
Institute of Ocean Sciences (BIOS). When she arrived in
Bermuda, the 168-foot ship — an intermediate class vessel oper-
ating as one of the U.S. University-National Oceanographic
Laboratory System (UNOLS) research fleet — had just under-
gone a major six-month conversion at Lyons Shipyard in
Norfolk, Virginia. She transitioned from primarily a sub-
mersible support vessel to a multi-purpose ship that will support
the current and future needs of BIOS and of oceanographers
from around the globe who study the northern Atlantic Ocean.
After a lively ship christening and brief celebration, the R/V
Hamilton Town Crier Ed Christopher opens bk of Bermuda Atlantic Explorer and crew set out to work.
the christening ceremonies of the . o .
R/V Bank of Bermuda Atlantic Explorer in March 2006 The first cruise headed to the Bermuda Atlantic Time Series
PHOTOGRAPH BY MEREDITH ANDREWS (BATYS) site, where Woods Hole Oceanographic Institution sci-
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entists John Dacey and Deidre Toole installed a novel instru-
ment in one of the refurbished main labs to measure
dimethyl sulfide (DMS), a gas produced by phytoplankton,
and known to be an important regulator of climate.
Following a short cruise to map currents off the Argus
bank, I sailed next as Chief Scientist on the following cruise.
Our mission was the 124th recovery and redeployment of
the Oceanic Flux Programme (OFP) mooring, located near
BATS. The OFP mooring is four kilometers long and outfit-
ted with large funnel-shaped sediment traps that are
designed to collect continuous, time-resolved samples of
particles settling through the water column. The OFP, is one
of the longest running time-series in oceanography. Initiated
in 1978, the OFP, has produced a nearly continuous thirty-

which provides direct line-of-sight
visibility for all deck operations...

The reconfigured layout provides

for a study area, used to examine
and process shipboard data, for

science discussions, and to conduct

lectures for sea-going educational
programmes.

year record of how the quantity and composition of materi-
al exported from the surface to the deep ocean varies over
time-scales of weeks to decades. Studying oceanic particle
flux is important because settling particles are the primary
energy supply for all life in the ocean’s interior and their flux
regulates the removal of carbon dioxide from the atmos-
phere and the cycling of nutrients and many other elements
that are associated with biogenic debris. Additionally, the
residual flux material that accumulates in seafloor sediments
forms a detailed record of past ocean history. OFP
researchers use information gleaned from microscopic and
chemical studies of the recovered sediment trap material to
elucidate how surface ocean processes and climate patterns
control particle flux and its temporal variability.

Analysis of this material has produced a time-series of
changes in ocean biology and chemistry spanning almost thirty
years. The OFP time-series, along with the Hydrostation ‘S’,

12

‘ ‘ One of the major shipyard
conversions was a new bridge deck

)?

BATS and the Bermuda Testbed Mooring (BTM) programmes
are the primary, ongoing research programmes located near
Bermuda that will be serviced by the R/V Bank of Bermuda
Atlantic Explorer. Together, these time-series programmes,
funded by the U.S. National Science Foundation (NSF),
support approximately half of the ship’s operations. The
breadth of information gathered by the time-series pro-
grammes and the logistical support provided by BIOS, in
turn, attract many other scientists to conduct their studies off
Bermuda.

Recovery and deployment of deep-sea moorings such
as the OFP mooring are complex, demanding deck opera-
tions that use the large A-frame and multiple winches in
simultaneous coordination, but the R/V Bank of Bermuda

Atlantic Explorer is made for the task. During the con-

version, her bridge and deck layout were enlarged and

expressly reconfigured to optimally accommodate the
multiple winches that are needed for deployment of
deep-sea moorings, autonomous vehicles and advanced
over-the-side oceanographic equipment. The 01 deck

(just above the main deck) also has a specialized winch

and starboard A-frame for the electromechanical cable

of the Conductivity, Temperature and Depth (CTD)
cast, the ship’s scientific workhorse. On the main deck,

a weather garage houses the CTD and other large over-

the-side equipment and provides a protected area for

collecting water samples. The garage leads directly into

a main lab equipped with sinks, lab benches and a fil-

tered, clean air hood for shipboard sample processing.

Two additional labs are located on the port side oppo-

site the main lab and provide space for refrigerators

and freezers, larger laboratory instrumentation requir-
ing dry, climate-controlled conditions and permanent

installation of measuring systems. Off these labs, a
small fume hood room provides a ventilated area for use of
chemicals and an environmental room accommodates
operations that require controlled temperature and light
conditions. In each lab, navigational information and mete-
orological and underway surface ocean data are displayed.
These measurements are supported by instruments that are
maintained by the BIOS marine technicians.

One of the major shipyard conversions of the R/V Bank
of Bermuda Atlantic Explorer was fabrication of a new
bridge deck located mid-ship. The new bridge provides
direct line-of-sight visibility for all deck operations, of
utmost importance for safety and smooth over-the-side oper-
ations. The relocation of the bridge deck provides new space
for an atmospheric lab container to be placed forward on the
02 deck below, thus enabling air sampling to be conducted
without contamination from the ship or exhaust stacks. The
reconfigured bridge layout provides for a small, multipur-
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pose study area, captain’s office and marine tech electronics
room and lab on that deck. The study area, equipped with
computers and whiteboard, is used to examine and process
shipboard data, for science discussions, and to conduct lec-
tures for sea-going educational programmes.

The ship’s larger deck and laboratory spaces, and ample
berthing capacity, provides significantly better operational
capabilities as compared with the R/V Weatherbird II.
Berthing for ship’s crew to allow for a three-man watch sys-
tem is available if needed, and a spacious galley and crew
work areas improves living and working conditions — lead-
ing to a better-equipped and less fatigued crew. The vessel’s
greater flexibility in deck equipment configuration and the
ability to carry multiple winches, vans and work boats
simultaneously, allows for multi-investigator cruises that
were not possible using the R/V Weatherbird 1I. The ample
lab spaces can accommodate multiple activities while also
allowing for semi-permanent installation of instrumentation
without interfering with other science activities. The larger
ship size provides a more stable platform that allows larger
and more delicate lab instruments to be carried and the bet-
ter sea-keeping ability greatly improves the ability to con-
duct operations in high seas.

A major contribution to BIOS is the new educational
capability made possible by the R/V Bank of Bermuda
Atlantic Explorer. The large lab spaces and classroom area
can easily accommodate groups of five to twenty for teach-
ing and technical training, and the stability of the ship pro-
vides for an optimal teaching environment (i.e. fewer green
faces). A berthing capacity of twenty-two scientists allows
more students to participate in overnight and longer cruises.
We at BIOS are currently developing new programs to fully
exploit these new at-sea educational opportunities.

As we look to the future, it seems certain that oceano-
graphic research will increasingly be conducted using a
combination of sampling platforms including instruments
deployed on moorings, autonomous vehicles such as glid-
ers, and intensive ship-based operations. Scientific spaces
on ships will need to house and service increasingly sophis-
ticated over-the-side instrumentation and provide stable, cli-
mate-controlled conditions for at-sea experiments and frag-
ile laboratory instrumentation. Multi-investigator research,
often under the auspices of national initiatives, will demand
increasing flexibility in accommodating diverse yet special-
ized requirements for deck and lab operations. As a BIOS
scientist who has sailed on many research ships, I whole-
heartedly welcome the new vessel and can say she is fully
ready to serve the future needs of the oceanographic com-
munity as one of the best and most versatile intermediate-
size ships in the U.S. fleet.

Dr. Maureen Conte is an Associate Research Scientist
Meridian Fall 2006

The modified CTD garage and deployment/recovery station
capable of handling the 24-place CTD rosette package used for
BATS. (Top)

Education Coordinator Joanne Duyzer and student Elijah
Simmons in the at-sea training room on a Waterstart Marine
Science Internship Programme cruise. (Bottom)
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PHOTOGRAPH BY MIKE LOMAS

Ocean Productivity

Organic Phosphorus in the Sargasso Sea

14

by Dr. Michael W. Lomas

common goal of all biological oceanographers is to exam-
ine the distribution, abundance, and production of marine
organisms and to obtain a basic understanding of the
processes — biological, chemical or physical — controlling
them. Despite over a century of biological oceanographic
research we have only begun to scratch the surface of our
understanding with regard to marine phytoplankton and
bacteria. Such direct questions as what organisms are
present and where they occur are difficult to answer. For
example, it wasn’t until twenty years ago that we identified
the single most abundant plant species in the oceans,
Prochlorococcus marinus, a single cell phytoplankton
about 1/200th the thickness of a human hair. Ten years ago
we identified a new domain of life called Archaea, a bac-
terial lineage that is genetically and physiologically very
distinct from ‘traditional’ bacteria. Moreover, the metabol-
ic activities of Prochlorococcus and other phytoplankton

have a global impact as they account for about half of the
global photosynthesis and are particularly important with
respect to the long-term sequestration of carbon to the
ocean interior. With limitations in our understanding at
this basal level, perhaps it is not surprising that our ability
to make future predictions about the state of the ocean car-
bon cycle is subject to very large uncertainties.

For over fifty years scientists at BIOS have been study-
ing the Sargasso Sea, with the last decade seeing a signifi-
cant increase in studies of microbial ecology and ecosys-
tem function. These studies have shed light on previously
unknown levels of bio-diversity, identified previously
unknown pathways of light and carbon cycling in the
ocean, and helped us to change long-standing paradigms
about how the ocean ecosystem functioned. One such par-
adigm that appears to be changing for the subtropical
North Atlantic Ocean surrounding Bermuda is that this
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ocean region may be limited by nutrient elements other than
nitrogen. In marine phytoplankton, like terrestrial plants, carbon,
nitrogen and phosphorus are the three most abundant elements,
and sometimes nitrogen or phosphorus availability limits the
growth of phytoplankton in the ocean. In the Sargasso Sea, dis-
solved inorganic phosphorus concentrations are very low, <5
parts per trillion, and vary only slightly from season-to-season.
Despite these vanishingly low levels of inorganic phosphorus,
rates of photosynthesis in the Sargasso Sea are as high as they are
in the subtropical North Pacific where phosphate concentrations
are ~100 parts per trillion.

So how can we explain this apparent paradox? One possible
explanation, and the focus of a recently funded study, is that dis-
solved organic phosphorus (DOP) compounds, fifty-fold more
abundant than inorganic phosphorus, are being assimilated with-
in the Sargasso Sea to meet the phytoplankton demand.

Phytoplankton from the Sargasso Sea glow
‘green’ when utilizing dissolved organic phosphorus compounds

In fact, recent data from colleagues at the National Oceanography
Center at Southampton suggests that there is a gradient of
DOP compounds with higher concentrations in the regions
‘upstream’ from Bermuda. Not all phytoplankton species possess
the ability to utilize DOP compounds, however, and this diversi-
ty in physiological capacity likely plays an important role in the
biogeochemical patterns that we observe, as well as structuring
the biological components of this ecosystem.

I, along with collaborators Sonya Dyhrman from Woods
Hole Oceanographic Institution, and James Ammerman from
Rutgers University, have been funded by the U.S. National
Science Foundation to study the following questions: Are
inorganic phosphorus concentrations in the Sargasso Sea lim-
iting phytoplankton growth? Which DOP compounds are
assimilated in the Sargasso Sea by phytoplankton, and what is
the role of physiological diversity?

In May of 2006 we conducted a transect cruise from
Bermuda to Puerto Rico with fourteen scientists and graduate
students from four different institutions on BIOS’s new
research vessel the R/V Bank of Bermuda Atlantic Explorer.
Along this transect, we sampled for inorganic phosphorus and
DOP concentrations throughout the sunlit portion of the surface
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ocean, and probed single phytoplankton cells looking for evi-
dence of DOP assimilation. We conducted manipulation exper-
iments where we added phosphate and DOP and looked for
changes in the assimilation of DOP by phytoplankton. We’ll be
repeating many of these measurements at the same stations in
October of 2007 to determine if there is a seasonal pattern.

Our preliminary observations from this cruise suggest that
patterns in DOP assimilation are driven primarily by patterns
in phytoplankton abundance, as opposed to the commonly
held belief that bacteria dominate the assimilation of dissolved
organic compounds, even though the highest phytoplankton
abundances are co-located with increased phosphate concen-
trations. Analysis of additional samples collected on this
cruise is necessary, but these data strongly suggest that we
may need to consider DOP as a primary nutrient for phyto-
plankton growth in the Sargasso Sea. Surprisingly, when we
added phosphorus (both phosphate and DOP) in our manipu-
lation experiments, there was no increase in total phytoplank-
ton biomass. At first this seems contrary to our hypothesis,
that phosphate is limiting phytoplankton growth, but we
believe this lack of response was due to increased grazing
pressure on phytoplankton. This outcome further highlights
the need to develop methods that allow us to assess the physi-
ological state of individual phytoplankton, thus separating
organism responses, an inherent property, from ecosystem
responses, an emergent property.

One such method that we are currently developing is the
use of a fluorescent marker that can be quantified by our flow
cytometer. This technique results in the accumulation of an
insoluble green product in those phytoplankton (or bacteria)
that are breaking down some DOP compounds. By measuring
this ‘greenness’ over time, we can quantify how cells within a
specific phytoplankton population are responding to changes
in the environment, for example across natural phosphate gra-
dients within the ocean, or to changes in our manipulation
experiments. We plan to continue this ‘single-cell’ approach
to biological oceanography with several additional projects in
the works that would examine the interactive roles of iron and
nitrogen in controlling growth of phytoplankton and the direct
competition for nitrogen, phosphorus, and carbon between
phytoplankton and bacteria.

Currently, within the U.S. and internationally, there are
several very large science programs that are being developed
around this process-oriented, single-cell approach to oceanog-
raphy. With the purchase of the R/V Bank of Bermuda Atlantic
Explorer, BIOS scientists (and our colleagues throughout the
world) stand poised to take advantage of these new research
programs and make large strides forward in our understanding
of the changing ocean.

Dr. Michael W. Lomas is an Associate Research Scientist with BATS
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Telomere Biology
and .
Immortality

i n Sea U rCh i n S by Dr. Andrea Bodnar

ea urchins have served as model animals for scientific
research since the 1800°s. They hold an important evo-
lutionary position with respect to vertebrates and are
more closely related to humans than many other model
organisms. There is a large body of information about
gene expression in the sea urchin and a number of
genomic resources are available. Thus the sea urchin
is an ideal organism for learning how pathways of
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genes and proteins regulate growth and develop-
ment, with potentially profound implications for
understanding human biology.

Because of their biological characteristics and
recent technological developments, individual cell
functions are particularly well understood in sea
urchin embryos and are accessible to molecular, bio-
chemical and cytological investigation.

In the Molecular Biology lab at the Bermuda Insti-
tute of Ocean Sciences we are using sea urchins as a
model system to better understand the process of aging
at a molecular level. In the Fall of 2003, we initiated a
project to characterize the genetic differences in
species of sea urchins which display a tremendous dis-
parity in their natural lifespans. Our collaborator at
Oregon State University, Thomas Ebert, recently
reported that the red sea urchin of the Pacific
(Strongylocentrotus franciscanus) is one of the
earth’s longest living animals, living in excess of 100
years, with no age-related decline in health or repro-
ductive capacity. In contrast, the maximum lifespan
of the common purple sea urchin of Bermuda,
(Lytechinus variegatus), is estimated to be only 4
years. In an effort to understand the molecular mech-
anism underlying the differences in their longevity,
we have investigated telomere biology in these long-
lived and short-lived urchins.

Telomeres are repetitive DNA structures
which cap the ends of chromosomes and play an
essential role in maintaining genome stability.
Telomeres shorten each time a cell divides and
critically short telomeres signal the cell to perma-
nently stop dividing. Therefore, the length of
telomeres defines cellular lifespan. Some cells
can re-build telomeres after cell division by acti-
vating an enzyme called telomerase which adds
DNA back onto the chromosome ends. Telomere
maintenance by telomerase is essential for contin-
ued cell division, immortality and the progression
of cancer while telomere shortening results in cellu-
lar senescence and aging. In humans, telomerase is
active in the early embryo but is switched off in
most tissues as they develop. Without telomerase,
telomeres shorten in numerous tissues throughout
the human body with age. It is thought that this
process of cellular aging caused by shortened
telomeres contributes to many age-related degener-
ative diseases such as atherosclerosis, macular
degeneration (a chronic disease of the eyes resulting
in vision loss), impaired wound healing and
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impaired immune function. It is hypothesized that
telomerase is turned off during human development
to reduce the incidence of developing cancer, as a
necessary step in the progression of most cancers is
re-activation of telomerase.

Our results indicate sustained telomerase activity
and maintenance of telomeres throughout the lifes-
pans of both long- and short-lived species of sea
urchins suggesting a lack of telomere-related aging.
One might expect an increased incidence of cancer
in long-lived species that do not repress telomerase
activity but, remarkably, there are few reported cases
of cancer in sea urchins and none in the long-lived
species. This limited number is surprising given the
intensity to which sea urchins have been studied as
model organisms for the last century and the fact that
some species, including Strongylocentrotus francis-
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of the Pacific is one of the
earth’s longest living animals,
living in excess of 100 years
with no age-related decline in
health or reproductive capacity.

...the red sea urchin
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canus, form the basis of a commercial fishing indus-
try. This suggests that sea urchins rely on other
mechanisms to prevent the formation of cancer, such
as efficient cellular defense and repair mechanisms
or efficient mechanisms to replace damaged cells.

By comparing the biology of young and old,
long-lived and short-lived sea urchins, we will begin
to understand the molecular mechanisms which con-
fer the tremendous longevity and resistance to
acquiring cancer on different species of sea urchins.
This information may eventually lead to identifica-
tion of new targets for therapeutic intervention for
age-related diseases.

Dr. Andrea Bodnar is a Senior Research Scientist in the
Molecular Biology Laboratory
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Mangrove trees grow in
sheltered bays and have
large prop roots which
shelter a vast array of
marine life, particularly
juvenile fish. Mangroves
are a disappearing habitat
in Bermuda and many
parts of the world. This
shot was taken in
Walsingham Pond looking
up through overhanging
branches and prop roots.

PHOTOGRAPH BY ALEX VENN

vy League

by Carol Gould his June, a partnership between Princeton
University and the Bermuda Institute

of Ocean Sciences (BIOS) brought fif-
teen Princeton sophmores to Bermuda
to study Marine Biology. Funded in part
by Princeton’s Environmental Institute

18 Meridian Fall 2006



Meridian Fall 2006

(PEI) and the President’s Sophomore Initiative, the
students spent the month here in Bermuda taking a rig-
orous lab and field course that will translate into a full
course credit at Princeton.

The students enjoyed lectures from veteran
BIOS teacher and coral researcher Samantha de
Putron, cephalopod specialist James Wood, doctor-
al candidate Kim Holtzer, who led a lab on sea
grass, and course TA Abel Valdevia, as well as
Princeton Professor James Gould, who focused on
marine animals and ecosystems. The course is
unusual in that it is a hybrid between Dr. de
Putron’s popular Coral Reef Ecology class and a
broader overview of the biology of other marine
systems, all packaged into an intensive four-week
time frame.

The wide range of the material and its concentra-
tion made the experience a rigorous one, but the
students found the field work thrilling, and even fun.
The difference between the neat pre-packaged labs
they had taken previously and real-world, real-time
research both intrigued and awed them. BIOS’s
facilities offer unparalleled access to Bermuda’s
wealth of varied ecosystems, from North Rock’s

intricate coral reef communities and wave-pounded
rocky shore environment to Walsingham Pond’s
mangroves, whose submerged roots provide toe-
holds for countless invertebrate and algal species.
Samples from each ecosystem, brought back to
Scott Lab, yielded dozens of species, some newly
recorded on the island.

Lectures
pogenic) changes that affect ocean communities,
such as sewage and heavy metal pollution, and
ocean warming. Several of the students who plan to
go into public policy work found this concrete
example of anthropogenic disturbance fascinating,
and a possible basis for work in the public sector.
Others hope to return next year as interns to assist
BIOS staff in their research, forming the basis for
their own Princeton Senior Thesis projects.

Next summer will bring a new group of
Princeton sophomores, both for this course and an
additional one in Oceanography, to be led by
Princeton Geology professor Danny Sigman.

also covered man-made (anthro-

Carol Gould is the Author of The Remarkable Life of William
Beebe: Explorer and Naturalist and the wife of Dr. James
Gould

Princeton University
students with Professor James =
Gould of Princeton University

(top right) and BIOS scientist
Dr. Samantha de Putron =
(second row, far right)




A Legacy of Caring
for Bermuda
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ince becoming a member of the Board of
Trustees of BIOS in 1969, Idwal Wyn
Hughes or Walwyn, as he is familiarly
known, enjoys the longest tenure as a
trustee of the institution. This steadfast dependability
is one of Walwyn’s hallmarks, as is his legacy of serv-
ice to Bermuda. With his wife Betsy, Senator Hughes
has been at the forefront of ensuring a sound envi-
ronemnt for the island community of Bermuda.

Senator Hughes is an entomologist by training and
a retired civil servant, and has been a long time pro-
ponent of environmental issues. He served many years
as Director of Agriculture in Bermuda before becom-
ing the Permanent Secretary of the Ministry of the
Environment and then, the Ministry of Finance.
Senator Hughes was appointed to the Senate in 1996,
and continues to serve in that capacity.

Throughout his long and distinguished service to
BIOS, Senator Hughes says he has always tried to rep-
resent the Bermuda perspective on the Board. “I was
familiar with the Station from the time I joined the
staff of the Bermuda Department of Agriculture in
1954 as a newly graduated entomologist and a good
friend of Bill Sutcliff, the Director of BBSR at that
time. [ actually joined the Board of Trustees in the
spring of 1969 — the same year that Wolfgang Sterrer
became Director. I replaced Mr. Louis Mowbray on
the Board, who was Curator of the Aquarium and had
himself served as a trustee. [ have been there ever
since as Vice President, now Vice Chairman, having
served with eight different Chairmen and three
Directors.”

Senator Hughes champions BIOS as a leader in
research in ocean sciences research, committed to the
protection and preservation of our environment.
“Much of the work at BIOS over the period in which I
have been involved has been hugely beneficial to
Bermuda, such as the hydrogeological studies of the
50’s and 60’s, which enabled Bermuda to develop a
ground water extraction programme; the Inshore Water
Study of the 70’s, which set the base line for so much
of the inshore quality studies of today; and, the air
quality programmes which have reassured Bermudians
of the quality of their environment.”

Senator Hughes attributes his staunch support of the
Institute with his uncommon commitment on behalf of
the local environment. “Having being educated in the
natural sciences and worked most of my life as a public

Meridian Fall 2006

servant in these fields in Bermuda, I have always seen
BIOS as a wonderful asset for this island. The research
conducted at the institution covers a wide range of
ocean sciences. For over one hundred years, our island
has benefited from the work of the scientific team, as
has the wider global community. The Institute’s accom-
plishments have raised our island’s profile internation-
ally and provided training and employment opportuni-
ties in ocean sciences for many young Bermudians.”

When asked what educational and research pro-
grammes most interest him, Senator Hughes replied,
“Those which have a local bias, such as the Inshore
Waters Study of the 1970’s, the various coral reef stud-
ies of today and the great work done on the geology
and hydrology of the island, which has had such an
important impact on our fresh water resources.”

In his role as a trustee, Senator Hughes hopes the
BIOS scientific team will encourage the community to
gain a better understanding and awareness of our nat-
ural environment, believing it will positively impact
the lives of young people. “Betsey and I believe that
summer programmes like the ones being led by J.P.
Skinner are building on this success, as are the period-
ic lectures, open-houses and other outreach pro-
grammes. All of these efforts will help in getting the
message out about the vital importance of caring for
our island habitat and promoting a greater understand-
ing of the fragility of both our land and marine envi-
ronments.”

When ask to consider the direction for the future of
BIOS, Senator Hughes stated he believes the trend at
research institutions is geared toward large, multi-dis-
cipline programmes, where he considers the signifi-
cant financial resources for science to be. He adds,
“With our deep ocean location and new research ves-
sel, the R/V Bank of Bermuda Atlantic Explorer, BIOS
should be well placed to take advantage of this trend.”

However at the same time, he maintains an interest
in preserving a place, and funding to support, the sci-
entist working by himself or herself, or with a small
team. He believes pursuing basic research in the bio-
logical sciences, which he sees as the foundation of
BIOS over its long and distinguished history, should
be maintained and enhanced.

“The BIOS of today is well known and respected
by Bermudians and a great scientific resource for the
Government and people of Bermuda. That is very sat-
isfying to Betsey and me.”
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ermudian Katherine Watson joined the BIOS
Board of Trustees in November of 2003. From
the beginning of her tenure with BIOS, she has
worked in the trenches to raise money and
awareness for the many educational and scientific endeav-
ors of the Institute. Having been involved in volunteer and
fund-raising work for many diverse charities, Mrs. Watson
explains that her dedication toward BIOS stems from a
common lifelong passion. “My husband Peter and I have
been dedicated supporters of BIOS for many years. We
have always been conscientious about the environment, as
well as trying to gain a better understanding of our natural
surroundings. As a family, our holidays have generally
been outdoor activities, and this legacy carries on with our
sons, so when asked several years ago to be on the Board
of Trustee of BIOS, I was thrilled at the prospect.”

Mrs.Watson has an extraordinary history of assisting
non-profits throughout the island. Mrs. Watson has served
on the Council on Alcohol and Drug Abuse Executive
Committee, is a past chairman of The Council Partners
Fundraising Campaign and a past governor of The Council
Partners Charitable Trust. Currently she is on the commit-
tee of protectors of The Council Partners Endowment Trust
and also Chairman of The Duperreault Fellowship
Committee.

With this long record of service, rich in support of the
community of Bermuda, Mrs. Watson is the ideal champi-
on for BIOS’s renewed educational efforts with the
Bermuda Ocean Education Programme. The programme
targets areas where BIOS can best serve the needs of mid-
dle school to high school students, their teachers and their
parents. The goal is to inspire Bermudian students to
embark upon a lifelong pursuit of learning. By encourag-
ing a greater interest in science, math, and technology the
Institute hopes to galvanize a greater interest in, and con-
cern for, the environment surrounding Bermuda in this and
future generations.

Mrs. Watson believes she can be a catalyst in reaching
this goal: “During my time as a trustee [ have come to fully
appreciate what an intellectually stimulating organization
BIOS is. I consistently come away with new knowledge of
ocean sciences, renewed enthusiasm toward the preserva-
tion of the environment, and profound hope in the contin-
ued protection of our oceans by the next generation.”

She explains her commitment to education on the island
stems from having co-owned a large pre-school for sixteen
years. In part, that’s why she is committed to helping BIOS
build a vibrant Bermuda Ocean Education Programme.
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“The programme is a wonderful opportunity to provide
school children of all ages the chance to explore and better
understand the natural environment that surrounds them,”
she said. Among those programmes is BIOS Explorer, the
next generation of JASON for middle school children, as
well as research projects for junior and senior school stu-
dents, who have the unique opportunity to live on-campus
during the summer and be young scientists in the Waterstart
Marine Science Internship Programme. The Bermuda
Ocean Education Programme also offers ocean science cur-
riculum assistance to teachers in the classroom. All of these
programmes support Mrs. Watson’s belief that, “it is vital
that the youth of Bermuda have a long-term understanding
and appreciation of our fragile ecosystem. They will soon
be the stewards of this precious resource. They must be pre-
pared by society to accept that responsibility.”

When asked about her son Matthew, who interned at
BIOS in 2004, Mrs. Watson explains, “Our son was an
environmental studies major at college and spent a summer
volunteering under Dr. Ross Jones in the Marine
Environment Programme. Among others, one particular
project of note was producing a DVD with other interns on
the Institute’s Remote Operated Vehicle (ROV). It was a
wonderful and exciting opportunity for him to get ‘hands
on’ experience. He was already an experienced diver so he
enjoyed applying that expertise as well. He now has a keen
appreciation for the constant hours of lab work that is
required to be a successful scientist in a research environ-
ment. He has taken that work ethic into his own field of
endeavor.”

With such a varied and dedicated background in philan-
thropy we asked what she would say to encourage others
about taking a role in non-profit organizations: “I would
encourage everyone to volunteer at a charity of their choice
not only because of the skills they may be able to offer, but
also because of what they will inevitably take away from
the organization, including meeting a diverse group of
committed people that share a similar interest. People give
of their time and talents for many reasons, whether by help-
ing Bermuda’s ocean, youth, or social concerns. I would
stress, it is vital to find the right match. It is also extremely
important to commit the time needed to fulfill the goals of
the organizations they have chosen.”

BIOS has been extremely fortunate to have that com-
mitment of both time, energy and support from Kathy and
her husband Peter, who in many roles, have been so impor-
tant to the community of Bermuda. We look forward to
their continued involvement and influence in the future.
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ver the last fifteen years, BIOS has been ably

served by one of its most dedicated trustees,

Raymond Moore. Better known as Ray, he has

provided clear guidance to staff and trustee
alike in a myriad of different ways. He and his
wife Diana have also invested wisely in the scien-
tific and educational mission of the Institute over
the years. They have always been steady contrib-
utors in meeting the unrestricted needs of the insti-
tution and have continually sought to underwrite
the work of dedicated scientists who toil in
endeavors that are often unappreciated. He’s
always had a great interest in the realm of science
but it was the law where he found his passion.

“I qualified as a lawyer in 1952 and went
straight out to Hong Kong. It seemed the place to
be, especially after the war. There were very few
western lawyers in Hong Kong at the time and I
became the Hong Kong lawyer for a number of the
major pharmaceutical companies. They included
companies like Merck, which was just then devel-
oping the first synthesized diuretic. This got me
very interested in pharmaceuticals and from there
in genetics.”

Mr. Moore has a special interest in the field of
genetics and the work of several scientists that
have been in residence at BIOS. “When I came to
Bermuda, genetics was still a new science and |
was fortunate to have acquired more than the
usual layman’s knowledge of it. After I became a
Trustee, I discovered that the Bio Station, as we
called it at that time, was engaged in genetic-
related research through Dr. Hank Trapido-
Rosenthal. It looked exciting as well as a mean-
ingful to the scientific mission of the place. Hank
and I became friends and from that emerged the
personal interest in financing the research that he
and others were doing.”

To that end, Ray and Diana Moore have estab-
lished a significant endowment, one of the largest
ever funded in the history of BIOS. And the rea-
son for doing so he says: “It was involved in the
science which Hank was doing that enabled me to
develop my interest. Alas, the science of genetics
has progressed to the point that a layman cannot
keep up. The discovery of the molecular structure
of DNA has raised far more questions than it

Meridian Fall 2006

answered and I now find it very hard to understand
most of the articles in Nature and Scientific
American in this field.”

Dr. Trapido-Rosenthal is now at the University
of Hawaii, but Mr. Moore remains excited about
the future at BIOS. I find what Dr. Andrea
Bodnar and Dr. Alex Venn (the researchers who
followed Dr. Trapido-Rosenthal) are doing in the
molecular biology laboratory fascinating and their
intellect and enthusiasm encourages me to remain
involved in helping with this research. Diana and
I are just happy that our endowment support for
BIOS helps to finance this important research in
the field of molecular biology.”

But it just wasn’t money that Mr. Moore
brought to the equation. He has been instrumental
over the years in establishing relationships with
other organizations interested in doing joint
research with BIOS in this and other fields. He
and Diana have had an abiding interest in the
young students who journey to Bermuda to take
coursework in the ocean sciences, and have assist-
ed in raising funds for overseas students from all
walks of life to attend BIOS summer courses.

His advice to those who are looking to expand
their philanthropy: “Only support what you are
genuinely interested in; otherwise any donation is
just that, and does not enlarge the mind.”

He believes the future of BIOS is resilient and
the science practiced at the Institute to be com-
pelling. What does he hope for BIOS: “Well of
course I hope they have a strong endowment. In
this world of growing competition for a diminish-
ing public sector dollar, building an endowment is
just absolutely critical for any long-term success.
With a strong endowment you can develop a future
free of the vagaries of searching for money that
you need just to survive from year-to-year.”

He went on to say, “Having a large endowment,
and a fully-fledged graduate degree-granting pro-
gramme with partner universities from around the
world would just be perfect.”

Ray and Diana Moore are tremendous role
models to emulate. They place their energies and
resources into those things they care about. We
are fortunate to have them as members of the
BIOS family.
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HONOR ROLL
OF DONORS

The 103-year history of
achievement at the Bermuda
Institute of Ocean Sciences
would not be possible without
the support of the donors who
are part of the BIOS communi-
ty. Year after year, BIOS Annual
Fund donors have provided
truly significant support for
marine research and education.

The Honor Roll of Donors
proof listed on the following
pages shows the names of
donors who have made gifts or
pledges between January |,
2006 and September 30, 2006.
Please take a moment to look
for your name. If your name is
included as a 2006 donor,
please verify its proper spelling
and listing. If you find an error,
please call Keesha Simon-
Walker at (441) 297-1880
extension 206 or e-mail
Keesha.Simon-
Walker@bbsr.edu so we can
accurately publish the complete
2006 Honor Roll of Donors in
the Annual Report.

If you intend to make a 2006
gift but have not yet done so,
please complete and return the
enclosed reply card. Gifts must
be received by December 31,
2006 to be included in the
2006 Honor Roll of Donors. If
your gift has crossed this
Honor Roll of Donors proof in
the mail, our many thanks for
your support.

Meridian Fall 2006

THE PHILANTHROPISTS 2006

THE OCEAN PROTECTORS
350,000 or more

Mr. and Mrs. William H. Williams
Mr. and Mrs. Robert E. Cawthorn

THE ROUNDTABLE
825,000 — 849, 999

Anonymous
Mr. and Mrs. Raymond E. Moore
Lady Antoinette Pearman

THE INTERNATIONAL PARTNERS
310,000 — 324,999

Mr. and Mrs. Michael A. Butt
Mr. Michael G. DeGroote

Rod and Martha Ferguson

John and Rosemary Galbraith
Mr. and Mrs. Brian R. Hall, OBE
Mr. and Mrs. Matthew R. Simmons
Mr. and Mrs. James N. Standard
Mr. and Mrs. lan Strecker

Mr. and Mrs. George A. Wardman
Peter and Katherine Watson

Mr. and Mrs. Karl Wildi

THE EXPLORERS
35,000 — $9,999

Dr. and Mrs. James A.C. King, JP
Mr. and Mrs. Franklin W. Nutter

THE ARGONAUTS
31,000 — $4,999

Anonymous (2)

Henry and Susan Ashworth

Hon. Robert V. and Grace Barritt
Mr. and Mrs. David P. Benevides
Toni Besselaar

Mr. and Mrs. Russell J. Brooke
David and Valerie Brown

Mr. and Mrs. Fran( ois Brutsch
John and Sue Buchanan

Mr. and Mrs. Richard D. Butterfield
Mrs. Dudley G. Butterfield, CMG
Mr. and Mrs. Mark J. Byrne

Mr. and Mrs. Scott A. Carmilani
Mrs. Elfrida L. Chappell

M.M. Cone - J.H. Cone

Mr. and Mrs. W. Neville Conyers, JP
Margot M. Cooper

Mrs. Margaret I. Cooper

Mr. and Mrs. William J. Cox
George and Sue Cubbon

Mr. and Mrs. Alexander Cutler
ITan and Felicit( Davidson
LCDR Donald S. Delikat

Mr. and Mrs. Jean-Paul Dyer

Mr. and Mrs. Andy Gent

Mr. and Mrs. Bruce Gordon

Peter and Lennie Gotcher

Mr. and Mrs. Robin L. Hamill, IIT

Mr. and Mrs. Gregory D. Haycock

Walwyn and Betsey Hughes
Mr. and Mrs. W. Preston Hutchings
Mr. and Mrs. Henry Keeling

Mr. and Mrs. Kenneth R. Lamb
Mr. Jeffrey A. Leerink

Jack and Virginia Lightbourn

Mr. and Mrs. Sjur H. Linberg

Dr. and Mrs. Michael W. Lomas
Fiona E. Luck

Mr. and Mrs. Kenneth C.
MacGillivray, Jr.

Alan and Rochelle McGowan
Michael and Melissa McWatt

Mr. and Mrs. George Braniff Moore
Janet Outerbridge

Lady Antoinette Pearman

Mr. Peter W. Profit

Mrs. Aideen Ratteray-Pryse
Doug and Colleen Rogers

Mr. and Mrs. Thomas A. Saunders, 111
Mr. and Mrs. Walter A. Scott

Mr. Dennis Sherwin

Kathryn Siggins

The Hon. Gerald Simons, OBE
and Ms. Sheilagh Robertson

Mr. and Mrs. Malcolm Stott

Mr. and Mrs. John M. Tomlinson
Mr. and Mrs. John M. Wadson
Mr. and Mrs. John B. Watson

Mr. and Mrs. Robert M. Whelan, Jr.
Christopher and Maria Whittle

THE ASSOCIATES 2006

THE VOYAGERS
3500 — $999

Anonymous

Mrs. Tia D. Andrew

Mrs. Carole Parsons Bailey

Hon. Robert V. and Grace Barritt
Ms. Maryem Biadillah-Chentouf
Mr. and Mrs. Eric A. Brooks

Mr. and Mrs. Fran( ois Brutsch
John and Sue Buchanan

Karen and Boyce Budd

Mr. and Mrs. John G. Burland
Mr. and Mrs. Philip J. Burton
Ms. Sarah Chapman

Mr. Timothy S. Choate

Lt. Col. and Mrs. Michael L. Darling
Leonard W. Doars

Dr. and Mrs. Daniel B. Dubin
Keith and Suzette Fisher

Mr. and Mrs. William de V. Frith, JP
Peter and Elizabeth Gebhard
Carl and Suzi Johnson

Mr. and Mrs. J.C.H. Johnson
Jack and Virginia Lightbourn

Dr. and Mrs. Fred T. Mackenzie
Mr. and Mrs. George B. Moore, Sr.
Carl E. Painter

Isobel Perry

Jean and Bill Pimm

Miss Penelope Reiss

Mrs. Fred M. Reiss

James N. and Rosamond H. Butler
Mr. and Mrs. Claudio Satasi
Mark Smith and Mariette Savoie
Dr. June Lindstedt Siva

Mr. and Mrs. Guy Swayne

John and Rosemary Talbot

Alan and Susan Thompson

Mrs. Patricia M. Thorne-Kemp
Rosalind T. Watlington, OBE

THE MARINERS
3250 — $499

Anonymous

David and Elma Anfossi

Ed and Pat Argenta

Mr. and Mrs. Per Arneberg

John and Jane Bielby

Dr. and Mrs. Edwin Boger, Sr.

Kenneth and Nancy Brink

Sandra G. Brooks

Mr. Peter Brown

Ted and Loretta Cassidy

Hazel Clifford

Dr. Richard H. Colby

John and Judy Collis

Colin and Peggy Couper

Mr. John Curry III

Peter and Sally Darling

John and Marilyn Dickinson

Ross and Dianna Doe

Harold Frith

Dr. and Mrs. Frank T. Hamilton
Harnix

Henry and Patricia Hayward

Jim and Diana Hindess

Dr. Paul A. Holle
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Debra Lahera

Bill and Janet Lang

Ms. judith laudsberg

Mr. and Mrs. Larry Lombardo
Mr. and Mrs. Paul R. Lovejoy
Mr. and Mrs. Kenneth C.
MacGillivray, Jr.

Gervase and Elsie Marson

Edith A. Maynard

William D. Mello

Bill and Hilary Midon

Mr. A.E. Ming, Jr.

Mrs. Howard Mitchell

Dr. Duncan and Janice Moran
Robert and Verna Oatley

Frana B. Price

Mr. and Mrs. Reginald A.R. Smith
The Hon. Gerald Simons, OBE
and Ms. Sheilagh Robertson

H.A. & E. Smith, Ltd.

deForest and Dorothy Trimingham
Llew and Betty Vorley

Joyce Watlington

Mrs. Joan S. White

Mr. and Mrs. Patrick R. Wilmerding
Keith and Helene Winter

Mr. and Mrs. Colin R. Young

Mr. and Mrs. Michael K. Young
Mr. and Mrs. William S. Zuill, Sr.

THE ADVENTURERS
3100 — $249

Anonymous (3)

Laurie Abel

Dr. Dorothy J. Beavers

Colin and Moyra Benbow

John and Hope Berg

Dr. Rosanne Bonjouklian

Mrs. Hope B. Bowker

Dufty and Laurie Brookes

Mrs. G. Dorothea L. Butterfield, JP

Mr. Andrew W. Card

Nigel and Diana Chudleigh

Mr. John Cole

Mrs. J. Margaret Collis

Tony and Elizabeth Cordeiro

Mrs. H.C.D. Cox

Margot Cox

Lt. Col. and Mrs. Michael L. Darling

Owen and Pam Darrell

Tommy and Elaine Dickinson

Mr. and Mrs. Nicholas B. Dill

Terry and Mary Draycott

Anne Engelhardt

The Pearsall Family

Robert S. Fleischer

Dr. Joanne E. Fortune

Grant and Kathy Gibbons

Mr. Peter B. Green

Mr. Crayton Greene

Mrs. Rose Mary Groves

Rob and Wilma Guerette

The Honorable and Mrs. Thomas
F. Hall

Mr. and Mrs. William H. Hill

Mary Mullen and Michael Hoffman

Mr. and Mrs. Frank W. Hogg

Nancy L. Hooper

Mrs. Elizabeth W. Howland

Mr. and Mrs. Edgar Humann
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Sheila Nicoll and Steve Lake

Dr. Emily Liddell

R. McLeod Lightbourn

Dr. Charolette Lord

Mrs. Joy Lusher

Michael and Paula Maguire

Dr. Nancy G. Maynard

William and Sandra Mayor

Robert and Alice McComb

Michael and Melissa McWatt

Mr. and Mrs. Robert E. Mello

Anastasia Merken

Captain and Mrs. J. Willard Moore

Peter and Elizabeth Nash

Bernard and Lily Oatley

Dr. and Mrs. J. Robert Ouimet

Eric and Muriel Parker

Mr. and Mrs. Peter L. Parker

Dr. James B. Patterson

Dr. Henry Paulus

Dr. and Mrs. Brian W. Peckett

Mr. Find C.C. Pedersen, Jr.

Mrs. L. Edna Perinchief

Mrs. Audrey Nunnemacher Pertl

Mr. and Mrs. Donaldson C. Pillsbury

Mr. and Mrs. John Ely Riegel

Sam and Jane Riker

Dr. Shepherd K. Roberts

Mr. and Mrs. Ronald D. Ross

Ed and Crystal Schultz

Joan Shadbolt

Mrs. Glenn Shorto

Scott and Helene Simmons

Peter and Pamela Smith

Drs. David Malmquist and

Deborah Steinberg

Mr. and Mrs. Stephen ‘Straws’
Haycock

John and Joan Taplin

Dr. and Mrs. C.R. Terceira

Alan and Susan Thompson

Mrs. Patricia M. Thorne-Kemp

Ed and Bobbie Trippe

Charles Vaulutas

Dr. Robert H. Warren

Peter Vorley and Marion Watlington

Bob and Christine Whiting
Mrs. Nea P. Willits

Dr. and Mrs. Joseph H. Woolf
G. Roger Younie

THE RESEARCHERS
350 — 399

Anonymous

Mr. Lance Arnold

Mr. Foster Bam

Sydney and Sheila Bamber
Mrs. Jean Bath

Dr. and Mrs. Edwin Boger, Sr.
Mrs. Iris D. Brangman
Patricia W. Brown

Olga Card

Michel and Ronnie Chameau
Mrs. Megan Cooper

Mr. and Mrs. David W. Cox
Mrs. H.C.D. Cox

Carleen Currie

Virginia D. De Silva

Dr. and Mrs. Zygmunt F. Dembek

Mrs. Lucette A. Dyson

Dr. Lee E. Engstrom

Neil K. Evans

Mr. and Mrs. Frank Farmer
Dr. Katherine Fleischmann
John and Ellen Hacunda

Mr. and Mrs. J. Hubert Jones
Mrs. Margaret King

Mr. and Mrs. Eddie Kyme
Cindy Lee

Mr. and Mrs. David Lonsdale
Ollie and Una McKittrick
Robert and Mary McMillan
DeForest Mellon, Ph.D.

Dr. and Mrs. John M. Miller
Claire Perry

Dr. Harold R. Pestana
Patricia Powell

Baroness E. Raben-Levetzau
Dr. Klaus Ruetzler

Francis and Phoebe Schmitz
Ms. Joan Senghas

Mr. Rich Seymour

Audrey C. Smith

Dr. Wolfgang E. Sterrer

Mr. David B. Stone

Mr. and Mrs. William D. Thomson
Ms. Margaret Tricker
Stuyvesant Wainwright, 11
Hal and Ronica Watlington
Mr. and Mrs. Richard J. Winchell
Richard and Janice Witkowski

THE PHILANTHROPISTS
CORPORATE SPONSOR 2006

THE OCEAN PROTECTOR
350,000 or more

Arch Reinsurance Ltd. (Bermuda)

Aspen Insurance Holdings
Limited

AXIS Specialty Limited

Bank of Bermuda Foundation

Bank of Bermuda Limited

Butterfield Bank

Exxon Mobil Corporation

Flagstone Re

PartnerRe

Renaissance Reinsurance Ltd.

State Farm Fire and Casualty
Company

XL Re Ltd.

THE ROUNDTABLE
325,000 — 349, 999

General Atlantic Group Limited

Risk Management Solutions, Inc.

The ACE Foundation

ACE Group, Limited

Shell Companies of Bermuda
Limited

THE INTERNATIONAL PARTNERS
810,000— 324,999

Leerink Swann & Company
XL Foundation Ltd.

THE EXPLORERS
85,000 — $9,999

Allied World Assurance Company,
Ltd.

Argus Group of Companies

Bermuda Electric Light Company
Limited

BF&M Insurance Group

Butterfield and Vallis

Ernst & Young

Horizons Limited

Oil Management Services Ltd.

Thomas Miller (Bermuda) Ltd.

THE ARGONAUTS
81,000 — $4,999

A.P. Moller (Bermuda) Limited

American International Company,
Limited

Atlantic Marine LP

Australia-Japan Cable
(Management) Limited

BAS-Serco Ltd.

Berco Ltd.

East End Asphalt Co. Ltd.

Gibbons Management Services
Limited

John Barritt & Son, Ltd.

Lockheed Martin Sippican, Inc.

Mayfair Limited

Orbis Investment Management
Ltd.

Meridian Fall 2006



Standard Steamship Owners’ P &
I Assn. (Bermuda) Ltd.

The Bermuda Telephone
Company, Ltd.

THE PHILANTHROPISTS
FOUNDATION SPONSORS 2006

The ACE Foundation

Anonymous

U.S. Foundation

The American Society of
Bermuda

The Arthur and Annette Bolton
Charitable Foundation

The Bank of Bermuda Foundation

Canadian Associates of BBS

The Charrock Foundation

The Christian Humann
Foundation

Foster-Davis Foundation

JM Foundation

The G. Unger Vetlesen
Foundation

XL Foundation Ltd.

Meridian Fall 2006

THE ASSOCIATES 2006
CORPORATE SPONSORS

THE VOYAGERS
3500 — $999

Atlantic Marine LP

Butterfield and Vallis

Chevron International Limited
Container Ship Management Ltd.
Gosling Brothers Limited
Hartford Management, Ltd.
Roche International Ltd.

The Little Venice Group

The Walker Arcade Company Ltd.

Vallis & Hayward Ltd.

THE MARINERS
3250 — $499

Anfossi Management Ltd.
Bermuda Forwarders Ltd.
AAC Saatchi & Saatchi

THE ADVENTURERS
3100 — $249

BCM McAlpine Ltd.

Bermuda Gas and Utility
Company

The Body Shop (Bermuda)
Limited

Horizons Limited

Parker Limited

Windcrest Management Limited

MATCHING GIFT PROGRAMME
2006

You may work for a company that
matches employee’s donations and
therefore dramatically increases
the impact of your gift on BIOS’s
research and education pro-
grammes. To increase your dona-
tion to BIOS through your compa-
ny, please chack with your per-
sonnel office for this benefit. They
will provide you with a form to
mail in with your donation

MATCHING GIFTS

We are grateful to the following
corporations and foundations that
have provided matching support

for gifts made to BIOS by their

employees, retirees or directors.

The ACE Foundation

Bank of Bermuda Foundation
JM Foundation

Renaissance Reinsurance Ltd.

RESTRICTED GIFTS
AND GRANTS 2006

ENDOWMENT

Dr. and Mrs. Edwin Boger, Sr.
Mr. and Mrs. Raymond E. Moore

R/V BANK OF BERMUDA ATLANTIC
EXPLORER FUND

Bank of Bermuda Foundation

Mr. and Mrs. Robert E. Cawthorn

The G. Unger Vetlesen
Foundation

Lady Antoinette Pearman

Mr. and Mrs. William H. Williams

CAPITAL PROJECTS

Anonymous (2)

Bank of Bermuda Foundation

Bermuda Container Line Ltd.

Bermuda Electric Light Company
Limited

Butterfield and Vallis

Butterfield Bank

Mr. and Mrs. Richard D.

Butterfield

Mr. and Mrs. Robert E. Cawthorn

Conyers, Dill & Pearman

General Atlantic Group Limited

National Science Foundation

Brian and Nancy O’Hara

Mr. and Mrs. Jay Saadian

MICHAEL R. NAESS MEMORIAL FUND

Toni Besselaar

Building Fund

Butterfield and Vallis
Butterfield Bank

Canadian Associates of BBS
Mr. and Mrs. Robert E. Cawthorn
Lt. Col. and Mrs. Michael L.
Darling

The Christian Humann
Foundation

General Atlantic Group Limited
Mr. and Mrs. Thomas A.
Saunders, 111

Mr. and Mrs. Matthew R.
Simmons

G. HEIN BESSELAAR MEMORIAL
Funp

Peter and Katherine Watson
CANADIAN ASSOCIATES OF BBS

Mr. and Mrs. George Butterfield

Dr. Kathryn A. Coates and Bruce

R. Dilke

Mr. Keith C.W. Dean

Mrs. Elizabeth Doe and Mr. W.A.
Earlston Doe

Dr. and Mrs. William J. Ilams

Mr. Gordon H. McCaslin

E.R.S. (Dick) McLaughlin

Lucy F. Riley
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Raleigh J. and Lois M. Robertson
Mr. and Mrs. Karl Wildi

EDUCATION PROGRAMMES

Anonymous

Mr. Lance Arnold

Bermuda Government

Butterfield Bank

Canadian Associates of BBS

Mr. and Mrs. Robert E. Cawthorn
LCDR Donald S. Delikat

Exxon Mobil Corporation

RESEARCH PROGRAMMES

The Bermuda Government

Exxon Mobil Corporation

Khaled bin Sultan Living Oceans
Foundation

Royal Caribbean Cruises, Ltd.

The G. Unger Vetlesen

Foundation

RisK PREDICTION INITIATIVE

Renaissance Reinsurance Ltd.

PartnerRe Ltd.

Risk Management Solutions, Inc.

Flagstone Re

XL Re Ltd.

State Farm Fire and Casualty
Company

PartnerRe Ltd.

Arch Reinsurance Ltd. (Bermuda)

Flagstone Re

AXIS Specialty Limited

Aspen Insurance Holdings
Limited

SUNDERMAN FUND

Dr. and Mrs. Frank T. Hamilton
Robert and Alice McComb

NUNNEMACHER NATURE RESERVE

Mrs. Audrey Nunnemacher Pertl
. The American Society of
Bermuda
XL Foundation Ltd.

GIFTS IN KIND 2006

The ACE Foundation

ACE Group Limited

Alex Venn

Another World

Antoine Hunt

Atlantic Marine

Astwood Dickinson/Coopers

Bacardi Brands

Bacardi Limited

Bank of Bermuda Foundation

Barritts

Barry Witmond

Bermuda Book Store

The Bermuda Regiment

Bermuda Trader

Betsy Mulderig

Bistro J

Bluck’s

Bob and Peggy Correo

The Book Cellar

Mr. and Mrs. Bruce Williams

Bryan Darby

Burrows Lightbourn Ltd

Butterfield Bank

The Captain on Power 95

Carol Grant Gould

Chloe Martin

Chris Marson

Chuck and Joan MacGillivray

Churchills

Corporation of Hamilton

Crissons

David Frith

Department of Youth and Sports

Diana Amos

Dwayne Caines

East End Florist

Ed and Bobbie Trippe

Fairmont Hamilton Princess Hotel

Grotto Bay Beach Resorts

Horizons Ltd

Island Glass

Island Press

Island Restaurant Group

Island Shop

James Wood

Jane and Stephen West

Jolanta Jarmula

Judi Davidson

Karl Steppe & Blue Elephant

Kirk’s Jewellers

Madeleine Outerbridge

The Market Place and A-1
Supermarkets

Miles Market

The Mix 106 Team

Molly Tolaram

Pin-Point Training Ltd.

Phoenix Stores Ltd

Rock Island Coffee

Rob and Jane Mulderig

Mr. and Mrs. Robert E. Cawthorn

Roger and Charlotte Beach

Roz and Michael Collins

Somers Supermart

The Superemart

Susan Sickling

Shell Companies of Bermuda
Limited

Sinclairs

Simon Thompson

St. John's Ambulance

Telecom

Tom and Gill Butterfield

Vera P. Card

Verna and Bobby Oatley

Waterfront Properties

Wheels Cycles

Whites, Haywards and Southside
Supermarkets

MARINE SCIENCE DAY 2006

BIOS would like to thank all the
companies and individuals who
donated goods, services and time
to Marine Science Day 2006. Your
generosity helped to make the
event a great success.

A NOTE FOR U.S. TAX PAYERS

Some BIOS supporters are giving
appreciated securities as a new
way to increase their support.
Gifts of long-term appreciated
assets, such as securities, can
save you taxes twice. you do not
pay capital gains tax on any of the
increase in value over your cost,
vet you can deduct the full fair
market value of your gift.

To make a gift of appreciated
securities, please contact the
BIOS Development Office at (441)
297-1880 extension 114 or email
Keesha at
keesha.simon-walker@bbsr.edu
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QOur Planet. Our Oceans. Their Future

Founded in 1903 as the Bermuda Biological Station

BIOS

BERMUDA
INSTITUTE
OF OCEAN
SCIENCES




The new logo for the

Bermuda Institute of Ocean Sciences
represents the growing global impact of
its scientific and educational vision.

It recognizes that three-quarters of

our planet is covered by water and that
we have a responsibility as stewards of
this precious resource to ensure its
protection. The meridians cross on the
island of Bermuda and the sun rises over
the Sargasso Sea, as we welcome a new
era of research and discovery.

/4

BIOS

BERMUDA
INSTITUTE
OF OCEAN
SCIENCES

|7 Biological Lane
St. George's, GE O
Bermuda

(441) 297-1880
www.bbsredu





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




