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Water Column Processes in Mangrove
Creeks Receiving Aquaculture
Effluent.

David McKinnon1 (61 7 4753 4292;
d.mckinnon@aims.gov.au)

Lindsay Trott1 (61 7 4753 4476;
l.trott@aims.gov.au)

Mike Cappo1 (61 7 4753 4262;
m.cappo@aims.gov.au)

1Australian Institute of Marine Science, P.M.B. No.
3, Mail Centre, Townsville, QLD 4810, Australia

Water column processes in undisturbed mangrove
creeks and in creeks receiving effluent from prawn
farms in North Queensland, Australia were studied.
Small scale discharges into tidal creeks did not ele-
vate dissolved nutrient concentrations compared with
non-impacted creeks, but did elevate concentrations of
particulate nutrients, chlorophyll and suspended solids
proximal to the site of the effluent discharge. Turbu-
lent mixing caused rates of primary and bacterial pro-
duction downstream from the discharge to exceed rates
in the prawn ponds. In the lower reaches of the man-
grove creeks and immediately offshore, standing stocks
of particulate material and rates of primary and bacte-
rial production were within the range of values found in
non-discharge areas. During discharge periods micro-
zooplankton grazing removed >120% of primary pro-
duction and 117-266% of bacterioplankton production
in the mixed lower reaches of the creeks and immedi-
ately offshore. Grazing by bacterivores was saturated
in the upper reaches of the creeks, but was very high

near the mouth of the creeks (5.2-11.8 d−1). Baitfish
juveniles were abundant in the creek systems, and fed
either directly on macro-particulates by indiscriminate
filter feeding, or by selective feeding on microfauna.
We suggest that trophic processes and their concomi-
tant respiratory losses are instrumental in the assimi-
lation and dissipation of effluent materials within the
creek system, and are responsible for returning concen-
trations of bio-available materials to ambient levels.

URL: http://www.aims.gov.au/pages/research/pipe/
pipe-01.html
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Are Commercial Fish Farms and
Scleractinian Corals Mutually
Exclusive?

Dror L Angel1,2 (617-258-6835; dror@mit.edu)

Timor Katz2 (+972-8-636-1440;
timork@hotmail.com)

Noa Eden2 (+972-8-636-1440; neden@hotmail.com)

1Massachusetts Institute of Technology, Civil and
Environmental Engineering MIT 48-336 77 Mas-
sachusetts Ave, Cambridge, MA 02139, United
States

2Israel Oceanographic and Limnological Research,
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It is a widely accepted dogma that scleractinian
corals require clear, oligotrophic waters for their sur-
vival. Moreover, several field and laboratory studies
have found a negative correlation between high levels
of nutrients and/or turbidity (such as found in the wa-
ters adjacent to fish farms) and coral health and growth
rates. Commercial fish farms that employ intensive
net cage aquaculture technology release large fluxes of
dissolved nutrients and particulate matter to the sur-
rounding waters. Therefore, we would not expect to
find stony corals in the waters immediately adjacent
to fish cages. During summer and autumn 2000, we
carried out a SCUBA-diver census of the corals found
within a radius of 45 - 60m around the Ardag fish farm
situated at the northern tip of the Gulf of Aqaba (Red
Sea) in order to establish the abundance and diversity
of coral colonies and their distribution with respect
to the fish farm. It is noteworthy that although the
Gulf of Aqaba supports some of the richest and most
diverse coral reef communities worldwide, there have
never been coral reefs in the near-shore region where
the Ardag farm was established; presumably because
this environment is impacted at least once annually
by very heavy siltation following seasonal flash floods.
The census revealed that corals generally did not live
directly below the cages, however we found more than
470 coral colonies in the zone adjacent to the cages (0 -
50m). We identified 230 corals to 21 genera yet 240 of
the corals were not identified and some of these prob-
ably belong to additional genera and species, i.e. the
coral community adjacent to the fish farm is quite di-
verse. The largest numbers of corals were found in the
shallower parts of the study area, presumably due to
higher light levels. However, one of our more surpris-
ing observations was that the largest branching colonies
found (mostly Pocillopora sp.) were situated on some of
the fish cage anchor lines, only meters away from the

fish cages, at depths of 3 - 4m, i.e. at sites that proba-
bly experience the highest fluxes of dissolved nutrients.
It is noteworthy that fluxes of ammonia from a typical
fish cage may exceed 14 kg per day and each of the 3
Ardag pontoons supports 15 cages or more. These and
other observations highlight how poorly we understand
the environmental impacts of fish farms.
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Bridging the Gap: From Molecular
Biology to Marine Ecology I
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Weinbauer, Netherlands Institute for
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Detection of Pfiesteria piscicida Using
Genetic Markers and Antibodies

Senjie Lin1 (860-405-9168; senjie.lin@uconn.edu)

Huan Zhang1 (860-405-9237;
hzhang@uconnvm.uconn.edu)

Timothy N. Feinstein1 (860-405-9233;
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1Department of Marine Sciences, University of Con-
necticut, 1084 Shennecossett Rd, Groton, CT
06340, United States

Mitochondrial cytochrome b (mt cob), a commonly
used genetic marker whose utility in dinoflagellates
remains unexplored, and its 5’ flanking region were
cloned and sequenced for the potentially toxic dinoflag-
ellate Pfiesteria piscicida (Ppcob). Species-specific PCR
primers were designed from unique domains in the Pp-
cob coding and the 5’ flanking regions and PCR with
these primers showed high species-specificity and sen-
sitivity. In the meantime, antisera against the cell sur-
face antigens of P. piscicida (Ppab) were developed us-
ing two immunization methods. The subset produced
using purified cell wall/membrane fraction displayed
high titer and specificity in immunofluorescence stain-
ing (IF). Tested against 20 different algal cultures and
field samples, the PCR primers and the antisera both
consistently recognized P. piscicida and gave negative re-
sults for other species including P. shumwayae. Based on
the two methods, some unnamed Pfiesteria-like cultures
were identified as it P. piscicida and some as non-P. pis-
cicida. A quantification protocol was also developed for
both the PCR (Time-Step PCR) and immunofluores-
cence (filter-based IF) to measure P. piscicida cell con-
centration. The protocol provided a lower detection
limit of 0.2 and 0.3 cells/mL for the Time-Step PCR
and the filter-based IF, respectively. The two methods
were used to detect P. piscicida in P. piscicida-spiked and
natural water samples collected from Chesapeake tribu-
taries, eastern Long Island Sound, and Boston Harbor.
Results from both methods agreed well. The tests and
limited field surveys demonstrate that the combined
use of Ppcob and Ppab is highly promising in accurate
identification and enumeration of P. piscicida.

OS22I-02 1345h INVITED

Diversity in the nitrogen cycle:
Characterization of functional guilds
in the environment

Bess B Ward1 (609-258-5150; bbw@princeton.edu)

Gaspar Taroncher-Oldenburg1 (609-258-6294;
gto@princeton.edu)

Chris Francis1 (609-258-2612;
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1Princeton University, Geosciences Department,
Princeton, NJ 08544, United States

2University of Maryland/CEES, Horn Point Labora-
tory, Cambridge, MD 21613, United States

Complex biogeochemical cycles, such as the micro-
bially mediated nitrogen cycle, are deceptively simple
when viewed in terms of the net chemical transforma-
tions they include. For example, the oxidation of am-
monium to nitrite or the denitrification of nitrate to
N2, can be determined from the net nitrogen fluxes
measured using geochemical methods during incuba-
tions. Every biologically mediated process in a partic-
ular environment can be ascribed to the activity of an
enzyme, encoded by a functional gene (e.g., ammonia

monooxygenase or nitrite reductase). Sequence analy-
sis of such genes from the environment reveals a vast
diversity within functional guilds; many different vari-
ants or alleles of the same functional genes are seen to
be associated with each biogeochemical transformation.
We are investigating the extent to which this genetic
diversity is important in determining or regulating the
overall rates of biogeochemical processes. Gene chips
carrying multiple versions of genes involved in the ni-
trogen cycle are being developed to interrogate the mi-
crobial assemblage along a gradient of measured biogoe-
chemical transformation rates from Chesapeake Bay to
the Sargasso Sea. Preliminary results on the resolution
of gene microarrays, transformation rates and diversity
of functional groups in this environment will be pre-
sented.

OS22I-03 1400h

Whos blooming? Genetic Diversity of a
Centric Diatom During a Spring
Bloom

Tatiana A. Rynearson1 (206-685-2356;

trynear@ocean.washington.edu)

E. V. Armbrust1 (206-616-1783;
armbrust@ocean.washington.edu)

1School of Oceanography, University of Washington,
Box 357940, Seattle, WA 98195, United States

A characteristic feature of diatoms is their ability
to form large blooms. Diatom blooms dramatically im-
pact coastal ecosystems and yet, despite considerable
effort, the factors dictating the timing, magnitude or
composition of a bloom remain elusive. Bloom dynam-
ics may be difficult to unravel, in part, because of the
complex interaction between the environment and the
genetic and physiological diversity present within in-
dividual species. Dramatic evidence of the interaction
between a species and its environment can be observed
during blooms, as rapid asexual reproduction leads to
an exponential increase in abundance. However, the
consequence of a massive increase in cell number on
the dynamics of individual cell lines is unknown. We
have developed sensitive DNA fingerprinting techniques
to examine how the extent of genetic diversity within
a diatom species may influence bloom dynamics. Us-
ing these techniques, we recently identified an enor-
mous amount of genetic and physiological diversity in
a fall bloom population of the centric diatom Ditylum
brightwellii. In this study, we not only sampled a single
population but actually monitored the progression of a
D. brightwellii spring bloom. Over the course of 11 days,
we isolated more than 1000 individual cells from Dabob
Bay, a temperate fjord. Analysis of cells isolated dur-
ing the initial 2 days of sampling reveal lower levels of
genetic diversity than we observed in a fall bloom popu-
lation suggesting that spring and fall blooms may have
very different genetic and physiological characteristics.
Analysis of subsequent isolates will reveal whether one
or many genetically distinct clones dominate at the
height of the bloom. Furthermore, our results will pro-
vide insight into how environmental conditions shape
the genetic composition of a diatom species.

OS22I-04 1415h INVITED

From mRNA to Satellites: A View of
the Mississippi River Plume in the
Gulf of Mexico

John H. Paul1 (727-553-1168;
jpaul@seas.marine.usf.edu)

Boris Wawrik1 (727-553-1647;
bwawrik@seas.marine.usf.edu)

1University of South Florida, 140 Seventh Ave. S., St.
Petersburg, FL 33701, United States

Coastal plumes can often influence carbon cycling
and sequestration many miles into the open ocean. The
Mississippi River plume forms a low salinity feature
that is constrained by the Loop Current and often can
be detected from Louisiana to the Straits of Florida
by SeaWiFS ocean color imagery. We have investi-
gated the transcriptional activity and diversity of rbcL,
the gene encoding the large subunit of ribulose-1,5-
bisphosphate carboxylase/oxygenase, the major carbon
fixation enzyme, in natural populations of this plume.
In 1999, we focused on the genetic diversity of the
actively fixing phytoplankton population by sequence
analysis of mRNA-derived clones in a profile of the
plume. These studies indicated that the low salinity
surface water (top 10 m) of the plume was dominated
by rbcL sequences consistent with PE-containing Syne-
chococcus. Below the surface waters, a high-light clade
of Prochlorococcus rbcL was found, and below that,
a low-light clade of Prochlorococcus rbcL clones were
recovered. Throughout the water column, a diversity
of chromophytic rbcL sequences were found, including
those of prymnesiophytes, pelagophytes, diatoms, and
others. In 2001, we returned to the plume to study
the nitrogen nutrition and diversity of the low salinity,
surface plume populations along the axis of the plume.
Additionally, the expression of the nitrogen controlling
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gene of cyanobacteria, ntcA, was measured. Finally, a
method for quantitating diatom rbcL gene expression
based upon Real Time, RT-PCR was developed. These
results will be discussed in terms of new and recycled
production occurring in such plumes.

OS22I-05 1430h

Mitogen-associated protein kinase
(MAPK) in Pfiesteria piscicida
associated with osmotic stress

Huan Zhang1 (860-406-9237)

Senjie Lin1 (860-405-9168; senjie.lin@uconn.eddu)

1Department of Marine Sciences, University of Con-
necticut, 1084 Shennecossett Rd., Groton, CT
06340, United States

Mitogen-associated protein kinase (MAPK) has
been identified in a wide range of organisms in which
this protein was found to be a molecule involved in cell
cycle regulation and signal transduction. In particular,
MAPK has been shown to be a component of an extra-
cellular stress signal transduction pathway. This gene
has not been identified in marine plankton, especially
the unicellular protists, in which such signal trans-
duction pathway would link environmental stresses or
fluctuating conditions to cellular responses. Recently,
this gene was isolated from the potentially toxic, het-
erotrophic dinoflagellate Pfiesteria piscicida. Using RT-
PCR, expression of this gene was determined for physi-
ological conditions including well-fed, recently-starved,
severely-starved, and osmotic shocked to low (5 PSU)
and high (35 PSU) salinities. Results showed that
MAPK in this species was expressed constantly at very
low levels under all the feeding conditions (and hence
growth status). Exposure of the 15 PSU-grown Pfies-
teria piscicida culture to the low salinity (5 PSU) did
not appear to have significant effect on Pfiesteria pis-
cicida cell mobility and MAPK expression. However,
when the 15 PSU-grown Pfiesteria piscicida culture was
exposed to the high salinity (35 PSU), MAPK expres-
sion was increased by over 5-fold, suggesting an osmotic
shock signal. The results suggest that 1) MAPK in Pfi-
esteria piscicida may serve as an osmotic stress signaling
molecule and 2) that Pfiesteria piscicida is probably not
of oceanic origin.

OS22I-06 1445h

Growth Response of Bacterioplankton
Communities in the Southern Ocean
to Various Substrate Regimes

Meinhard Simon1 (+49-441-798-5361;
m.simon@icbm.de)

Andrea Schlingloff1 (+49-441-798-5361;
a.schlingloff@icbm.de)

Walter Zwisler1 (+49-441-798-5361;
walter.zwisler@tzk.uni-konstanz.de)

1ICBM University of Oldenburg, P O Box 2503, Old-
enburg 26111, Germany

We carried out mesocosm experiments in the South-
ern Ocean in fall in which we examined the response
of the bacterioplankton community to added substrates
such as peptone, starch, agar, an extract of a green al-
gae (Scenedesmus), and of the diatom-dominated phy-
toplankton. One experiment was carried out at the po-
lar front (Exp-1) and one in the coastal pack ice zone
(Exp-2). The growth response, measured by leucine in-
corporation and increase in cell numbers, was most pro-
nounced to additions of the diatom and Scenedesmus
extracts and to peptone, and more pronounced in Exp-
2 than in Exp-1. Starch stimulated bacterial growth to
a lesser extent whereas agar additions did not show any
stimulations as compared to a control. Turnover rates
of glucose and dissolved proteins showed distinct dif-
ferences among the various treatments whereas that of
free amino acids exhibited only little variations. The
analysis of the bacterioplankton community by dena-
turing gradient gel electrophoresis (DGGE) of PCR-
amplified 16S rDNA-fragments at the end of the experi-
ments exhibited pronounced differences and resulted in
distinct clusters of substrate-specific communities. The
composition of the community in the diatom-extract
amended flask was most similar to that of the un-
amended control. Fluorescence in situ hybridization
with group specific oligonucleotide probes also exhib-
ited distinct responses by specific populations among
the various treatments.

OS22I-07 1500h

In-Situ Abundance of the SAR11
Bacterioplankton Clade in the North
Atlantic Ocean
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1Oregon State University, Department of Microbiol-
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2University of California, Department of Ecology,
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SAR11 16S rRNA genes have been recovered from
nearly every marine environment, suggesting that this
group is ubiquitous in bacterioplankton communities.
To obtain information about the actual numbers of
SAR11 cells in oceanic ecosystems, we used fluorescent
in-situ hybridization (FISH). In August 2001, pelagic
and mesopelagic samples (1 to 3000 meters) were col-
lected at four stations on a transect in the North At-
lantic (32◦to 25◦North, 64◦West). Samples were an-
alyzed by in-situ hybridization with a suite of four
fluorescently labeled 16S rRNA oligonucleotide probes
specific for the SAR11 clade. Results from all pro-
files indicated that SAR11 accounted for an average of
35% (standard deviation of 5%) of the marine DNA-
containing picoplankton community in surface waters
from 1 to 150 meters. In some samples above 150
meters, SAR11 counts exceeded 40% and in one sam-
ple reached 51% of the total DAPI count. At 250
meters and below, the abundance of SAR11 averaged
18% (standard deviation of 4%). Additional results ob-
tained by hybridizing the same oligonucleotide probes
to dot blots of RNA taken from the same stations
showed a similar trend in the vertical distribution of
SAR11 ribosomal RNA, with SAR11 RNA accounting
for 10.5% to 1.5% of total SSU rRNA. The metabolic
and biogeochemical functions of SAR11 are unknown,
but the quantitatively measured abundance of SAR11
cells in these samples suggests that this organism may
play an important role in planktonic communities.

OS22I-08 1515h

Molecular Demonstration of a Dynamic
Relationship Between Iron and
Phosphorus Bioavailability in the
Western North Atlantic

Sonya T Dyhrman1 ((508) 289-3608;

sdyhrman@whoi.edu)

Eric Webb1

Donald Anderson1

James Moffett2

John Waterbury1

1Biology Department MS#32, Woods Hole Oceano-
graphic Institution, Woods Hole, MA 02543, United
States

2Marine Chemistry and Geochemistry Department
MS#4, Woods Hole Oceanographic Institution,
Woods Hole, MA 02543, United States

Recent advances for quantifying phosphorus (P) and
iron (Fe) have led to hypotheses that marine nitro-
gen fixation and primary production may be limited
by one or both elements. However, the degree to which
the elemental composition of seawater reflects bioavail-
ability is poorly understood. To better examine how
P and Fe may constrain primary production and ni-
trogen fixation we have developed molecular diagnos-
tics of nutritional status in the model diazotroph Tri-
chodesmium and applied them to field populations. Tri-
chodesmium plays a critical ecological role in the dynam-
ics of many oceanic ecosystems because of its ability to
fix atmospheric nitrogen. In culture controls P-stressed
Trichodesmium colonies induce the P-regulated enzyme
PhoA and Fe-stressed colonies express the Fe-regulated
protein IdiA. During a study of the Western North At-
lantic, cell-specific PhoA activity varied with the dis-
solved inorganic phosphate concentration, and IdiA ex-
pression corresponded to documented changes in atmo-
spheric inputs of Fe-rich dust to the region. Using these
specific molecular diagnostics we determined that pop-
ulations of Trichodesmium experienced Fe stress in Au-
gust and P stress, but not Fe stress, in November of
2000. We propose that Fe and P bioavailability are
both important factors controlling Trichodesmium pro-
ductivity, and that a dynamic interplay between these
two essential elements may exist in this and other sys-
tems.

OS22I-09 1550h

A Comparison of Winter and Summer
Distributions of Planktonic Archaea
and Bacteria in the West Antarctic
Peninsula

Matthew J Church1 (804-684-7401; mattc@vims.edu)
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delong@mbari.org)
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Christina M Preston2 (831-775-7154;
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2Monterey Bay Aquarium Research Institute, 7700
Sandholdt Rd., Moss Landing, CA 95039, United
States

3School of Ocean and Earth Sciences University of
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States

Use of polynucleotide fluorescently labeled rRNA
probes allowed a comparison of abundances and dis-
tributions of marine Archaea and Bacteria during the
austral summer and winter in the Long Term Ecologi-
cal Research (LTER) study area in the West Antarc-
tic Peninsula. Vertical distributions of Archaea and
Bacteria were determined at both inshore and offshore
stations on two research cruises in January-February
1999 and June-July 1999. Abundance of prokaryotic
plankton including Group 1 (G1) and Group 2 (G2) Ar-
chaea, and Bacteria were determined relative to total
DAPI stained cells. Together, the G1, G2, and Bacte-
rial probes accounted for >75% of the microbial com-
munity indicating prokaryote dominance. The overall
abundance of Bacteria was approximately an order of
magnitude greater than G1 Archaea, while G2 archaeal
abundance was half as great as G1 abundance. Dis-
tributions of Archaea and Bacteria varied seasonally
and with depth. In the summer, Bacteria dominated
the surface waters with the relative contributions of
G1 and G2 Archaea accounting for <5% of the total
prokaryote community. The relative contribution of
G1 Archaea increased with depth, accounting for up-
wards of 25% of the DAPI stained cells in the deep,
aphotic waters. During the winter, the relative con-
tribution of surface water G1 Archaea increased to 5-
15% of the total prokaryote community. Despite the
increased relative importance of G1 Archaea to win-
ter surface waters, seasonal differences in the absolute
abundance of Bacteria were more dramatic than cor-
responding seasonal shifts in G1 Archaea abundance.
For example, bacterial abundance in the surface waters
increased nearly an order of magnitude between win-
ter and summer seasons, while G1 Archaea abundance
doubled. The dynamic range in bacterial and archaeal
abundance suggests that these prokaryotes may be cou-
pled to seasonally variable processes in Southern Ocean
habitats.

OS22I-10 1605h INVITED

Bridging the (microbial) gap, from
genomes to biomes

Edward F. DeLong (831-643-0913;

delong@mbari.org)

Monterey Bay Aquarium Research Institute, 7700
Sandholdt Road, Moss Landing, CA 95039, United
States

A number of new and evolving technologies are lend-
ing increasing credibility to investigations of micro-
bial species, distributions, interactions and activities in
natural ecosystems . Currently, one of the biggest chal-
lenges is to integrate the many currently available tech-
nical capabilities that operate on different scales, into
singular, but comprehensive studies of natural ecosys-
tems. There are a number of current examples of dis-
parate obervational capabilities that beginning to be
integrated. Currently, three dimensional chemical and
redox fields can now be mapped by microelectrodes,
and overlain on microbial species distributions revealed
by fluorescently labeled ribosomal RNA probes. Addi-
tionally, stable isotopic techniques have reached suffi-
cient resolution and sensitivity, so that isotopic compo-
sition and phylogenetic identity can be simultaneously
determined for individual microbial cell aggregations,
in a powerful culture-independent approach. Microbial
genomics is now being applied outside the laboratory
and applied towards asking ”real world” questions, and
are already providing some unexpected surprises. Real-
time, autonomous remote sensing of a harmful algal
bloom in ocean surface waters has also recently been
achieved, via molecular probe arrays deployed on moor-
ings fitted with advanced instrumentation. A big chal-
lenge presently, and for some time to come, will be to
continue to integrate and coordinate diverse observing
capabilities, at a variety of spatial and temporal scales.
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This is critical since it is well known that microbial in-
teractions occurring on a scale of microns can influence
global biogeochemical cycles on planetary-wide scales.

OS22I-11 1620h

Enumeration of Prochlorococcus
Ecotypes in the Red Sea Using
Real-time Quantitative PCR
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1Marine Molecular Biotechnology Lab, School of
Oceanography University of Washington Box
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469, Eilat 88103, Israel
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and Biology, Massachusetts Institute of Technology
48-425 77 Massachusetts Avenue, Cambridge, MA
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The marine cyanobacterium Prochlorococcus is a
dominant contributor to primary production in olig-
otrophic ocean systems. Strains of Prochlorococcus can
be classified into at least six genetic types, many of
which exhibit distinct physiological differences in their
responses to light, nitrogen and copper. The recently
completed genome sequences of two Prochlorococcus
strains which are dramatically different in size, %G+C
content and protein coding capacity have provided
some clues to the genetic underpinnings of these physio-
logical differences and are an example of the magnitude
of the ”microdiversity” that can be present in a single
functional group. Although all Prochlorococcus strains
isolated to date share more than 96% identity in their
16S rDNA sequences, a much larger degree of variation
exists in the 16S-23S internal transcribed spacer (ITS)
region. We have designed primer sets in the ITS spe-
cific for each of the six ecotypes of Prochlorococcus and
developed protocols using syber green detection dur-
ing real time quantitative PCR. Currently the limit of
specific detection in field ranges from 50-500 cells/ml
for the six primer sets. This method was employed to
examine the distribution of Prochlorococcus ecotypes
in the Gulf of Aqaba, Red Sea which has a well char-
acterized seasonal cycle of picoplankton dynamics. In
the stratified waters of September, 2000 four of the six
Prochlorococcus ecotypes were detected, and the pop-
ulations partitioned the water column with depth. The
ecotype distributions will be discussed in relation to
measured environmental parameters (light and nitrogen
concentrations), the known physiological properties of
the ecotypes and their genetic potential as seen from
whole genome sequences. The ability to rapidly and
specifically enumerate ecologically distinct members of
the same functional group (guild) is crucial to under-
standing the influence the guild as a whole may have
on biogeochemical cycling.

OS22I-12 1635h

Seafloor mineral oxidation: A role for
Fe-oxidizers

Katrina J Edwards1 (508-289-3620;
kedwards@whoi.edu)

Daniel R Rogers1 (508-289-3620;
kedwards@whoi.edu)

1Woods Hole Oceanographic Institution, Department
of Marine Chemistry Geochemistry, McLean Lab,
MS8, Woods Hole, MA 02543, United States

Seafloor hydrothermal vent environments are of
widespread interest in terms of the unique biological
communities that are based on chemoautotrophy that
is supported by hydrothermal vent fluids. However,
much of potential energy available in these systems is
held within the solid mineral phases that precipitate
during cooling of vent fluids. Calculations have shown
that the potential energy available from oxidation of
minerals exceeds that which is available from vent flu-
ids exclusively. Previous work has shown that mineral
precipitates are potential long-term sources of energy
for non-thermophilic chemoautotrophic populations at
the seafloor. I will discuss current studies we are un-
dertaking to that address the population size, diversity,
and activity of mineral oxidizing microorganisms at hy-
drothermal vent environments, and discuss the impli-
cations these findings have for mineral transformations
involving Fe-metabolism for C-fixation generally at the
seafloor.

OS22I-13 1650h INVITED

A new Avenue to Link Prokaryotic
Diversity and Function: the Live
Separation of Complex Marine
Prokaryotic Communities by
Capillary Electrophoresis - Potential
and Limitations.

Gerhard J. Herndl1 (31-222-369-507; herndl@nioz.nl)

Erwin Schoonhoven1 (31-222-369-380;
urfs@bio.vu.nl)

Jesus M. Arrieta1 (31-222-369-380; txetxu@nioz.nl)

1Dept. Biological Oceanography, Netherlands Insti-
tute for Sea Research (NIOZ), P.O. Box 59, Den
Burg 1790 AB, Netherlands

Despite the rapidly growing literature on prokary-
otic diversity in the sea there is still limited informa-
tion available on the number, nature and dynamics of
the main prokaryotic players in the biogeochemical cy-
cling of elements in the ocean. We developed a method
which allows us to fractionate the most abundant mem-
bers of a complex prokaryotic community according to
their electrophoretic mobility, determine their abun-
dance and perform metabolic activity measurements in
the same way as done with the bulk community. This
method is based on the specific differences in surface
charge of prokaryotes. The bacterioplankton commu-
nity is transferred into a buffer solution, separated
in a capillary electrophoresis (CE) and the different
fractions collected. Thereafter, the separated bacte-
ria are back-transferred into the original seawater and
the abundance and activity measured. In this presen-
tation the principals of the method are outlined and
the potential and limitations of this method for linking
bacterioplankton diversity and function are discussed.
Examples are given from a cruise in the (sub)tropical
Atlantic, where the CE-based method has been used
to determine the abundance and the metabolic activ-
ity of the dominant bacterioplankton groups and their
potential for utilizing high versus low molecular weight
dissolved organic matter.
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Bugula neritina is an arborescent bryozoan found in
temperate marine habitats throughout the world. Pre-
vious research has established that the physically vul-
nerable larvae of B. neritina are chemically distaste-
ful to both vertebrate and invertebrate predators.
Adults, however, do not possess this chemical defense.
Bioassay-guided fractionation of larval extracts has re-
sulted in the isolation of 3 active compounds. NMR
and mass spectral data of the deterrent compounds, as
well as other related but non-deterrent compounds in-
dicate that they are bryostatins, which are highly cy-
totoxic polyketide macrolides. This is the first report
of an ecological role for the bryostatins. The volumet-
ric concentrations of 2 of the bryostatins, quantified by
analytical HPLC, were found to be around 0.4 mg/mL
of larvae. Bryostatin levels fell sharply following lar-
val metamorphoses so that 2-3 d old juveniles had un-
detectable levels of these compounds. HPLC analyses
also failed to detect bryostatins in adults. This precip-
itous decline in bryostatin levels following larval settle-
ment and metamorphosis was not due to the increase
in structural material per unit volume of juveniles or
adults. It has been hypothesized that the bacterial
symbiont, Canditatus Endobugula sertula, which resides
in larval and adult tissue, produces the bryostatins.
There are several possibilities to account for the on-
togenetic changes in the concentrations of the unpalat-
able bryostatins. These compounds could be constitu-
tively produced throughout the life of the organism and
accumulated in the larva; once the larva settles, they
could be diluted by the growing tissue. Alternatively,
they could be synthesized either in the larva while be-
ing brooded by the adult, or in the adult only when it
is reproductive. A molecular probe based on the ke-
tosynthase module of the polyketide synthase was de-
veloped to determine when the gene is being expressed
throughout the different stages. This probe, when ap-
plied in RT-PCR and quantitative RNA techniques, al-
lows us to distinguish how the differential production of
these defensive compounds is regulated in B. neritina as
it transitions through these vulnerable juvenile stages,

and may lend insight into how E. sertula is involved in
the biosynthesis of the bryostatins.
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Pfiesteria piscicida is a toxic dinoflagellate that in-
habits estuaries along the eastern coast of the United
States. This organism has a complex life cycle with
over 20 distinct stages, several of which are capable
of producing a potent neurotoxin. The factors that
contribute to toxic Pfiesteria outbreaks are unclear, but
most likely are regulated by biological, physical and
chemical characteristics of the environment. An analy-
sis of these factors and their relationships to Pfiesteria
life stage composition in situ is essential to the predic-
tion and prevention of toxic blooms. Molecular probes
have been developed that target unique sequences in
the 18S rDNA gene. These probes are both accurate
and sensitive, but provide no information about the
abundance of different life stages within the popula-
tion. We used a modified Serial Analysis of Gene Ex-
pression (SAGE) protocol to identify differentially ex-
pressed genes for toxic and nontoxic forms of P. pisci-
cida flagellated zoospore life stages. SAGE is a powerful
technique for constructing comprehensive gene expres-
sion profiles of specific tissue or cell types. Although
SAGE was developed primarily for biomedical research,
the modified protocol presented here is readily applica-
ble to the analysis of differential gene expression in ma-
rine organisms. Molecular probes that target uniquely
expressed genes identified by SAGE can be used to
rapidly assess the presence and relative abundance of
specific life stages in environmental samples. Integra-
tion of these molecular techniques with the physical,
chemical and biological characterization of the environ-
ment will provide information crucial to the develop-
ment of monitoring and long-term management strate-
gies for high-risk areas.

OS22I-16 1735h

Recruitment Dynamics of the
Three-Spot Damselfish, Dascyllus
Trimaculatus, in Moorea, French
Polynesia, Using Molecular Markers

Giacomo Bernardi1 (831 459 5124;
bernardi@biology.ucsc.edu)

Nicole Inokuchi1 (Namilover@aol.com)

Sally J. Holbrook2 (holbrook@lifesci.ucsb.edu)

Russell J. Schmitt2 (schmitt@lifesci.ucsb.edu)

Peter T. Raimondi1 (raimondi@biology.ucsc.edu)

1Department of Ecology and Evolutionary Biology,
University of California Santa Cruz, Santa Cruz,
CA 95064

2Department of Ecology, Evolution and Marine Biol-
ogy, University of California Santa Barbara, Santa
Barbara, CA 93106

The three-spot damselfish, Dascyllus trimaculatus,
recruits to anemones after 21-26 days in the plankton.
Once large enough to escape predators, it leaves the
anemone and lives as an adult in the nearby reefs.

We placed rows of anemones in the northwestern
shore of Moorea, French Polynesia, where anemones are
naturally absent, and collected everyday new reruits
that had settled during the previous night.

Molecular markers, designed during previous exper-
iments allowed us to study the recruitment dynamics of
the species. Further investigation of the same markers
on the adult populations allowed us to find relation-
ships linking adult populations to recruitment events.


