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Ultraviolet Radiation Induced DNA
Damage in Marine Viruses Along a
Latitudinal Gradient
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deanamanda@hotmail.com)

David L Mitchell2 ((512) 237-9474;
dmitchell@sprd1.mdacc.tmc.edu)

Jarah Meador2 ((512) 237-9474; jmeador@aol.com)

Steven W Wilhelm3 ((865)974-0665;
wilhelm@utk.edu)

1University of West Florida, Center for Environmen-
tal Diagnostics Bldg 58 11000 University Parkway,
Pensacola, FL 32514, United States

2MD Anderson Cancer Center, Science Park Research
Center, Smithville, TX 78957, United States

3University of Tennessee, Department of Microbiol-
ogy, Knoxville, TN 37996-0845, United States

Ultraviolet radiation induced DNA damage (cy-
clobutane pyrimidine dimers, CPDs) in natural ma-
rine virus communities was examined along a latitu-
dinal transect from 41 S to 3 N in the southeastern
Pacific ocean. Surface waters were collected prior to
sunrise each day and placed in UV transparent incu-
bators kept at in situ seawater temperatures. A repli-
cate treatment was prefiltered through a 0.2 um filter
to remove microbial host cells. Both treatments were
exposed to ambient solar radiation until approximately
one hour before sunset. At the end of the day, the
virus fraction was collected from each sample by filtra-
tion and concentration. DNA damage was determined
in each fraction and compared to DNA damage in sun-
rise samples and DNA dosimeters. The experimental
design allowed us to examine DNA damage induction in
viruses with and without their host cells and to infer
the role of host mediated repair (e.g. photoreactiva-
tion). CPDs in dosimeters and integrated solar irradi-
ance are very highly correlated. There was no relation-
ship between latitude (i.e. increasing solar irradiance)
and net dimer production in viruses, suggesting that
viruses may be relatively insensitive to damage. The
presence of host cells resulted in no consistent pattern
or change in the CPD induction of virus particles in-
dicating minimal host mediated repair in the natural
virus community. The sunrise residual CPD values in
the viruses increased latitudinally with increasing irra-
diance. Low daily induction of damage in virus incu-
bations but a high residual damage indicates that the
sunrise damage levels were the result of DNA damage
accumulation over numerous days indicating a long res-
idence time for virus particles in surface waters.
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Viral and Protistian Control of
Bacterioplankton Production Over an
Oxic to Anoxic Gradient in
Chesapeake Bay Water Column

K Eric Wommack1 (302-831-4362;
wommack@dbi.udel.edu)

Rebekah R. Helton1 (302-831-4510;
rrhelton@udel.edu)

Matthew T Cottrell2 (cottrell@udel.edu)

David L Kirchman2 (kirchman@udel.edu)
1University of Delaware, Delaware Biotechnology In-

stitute 15 Innovation Way, Newark, DE 19711,
United States

2University of Delaware, Graduate College of Marine
Studies 700 Pilottown Rd, Lewes, DE 19958, United
States
Over the past decade a number of approaches for

estimating virioplankton production and the impact
of viral lysis on bacterial mortality have been devel-
oped. However, outside of methods development ef-
forts, few studies have examined changes in virioplank-
ton production over environmental gradients. During
summer months the mesohaline portion of Chesapeake
Bay is highly stratified with cooler, anoxic, and more
saline bottom water separated from warmer, oxic, and
fresher surface waters. Virioplankton production and
nanoflagellate grazing were estimated in water samples
from three depths (surface, mid-water, and bottom).
Each sample represented a unique portion of the strat-
ified water column. Protists (ciliates and heterotrophic
nanoflagellates) were present throughout the water col-
umn and numbers of these organisms were only 2.5
fold lower in anoxic bottom water. Interestingly, graz-
ing estimates based on assumed clearance rates were
lower than viral-mediated bacterioplankton mortality.
Two methods were used to estimate virioplankton pro-
duction namely, tritated thymidine (TdR) incorpora-
tion and fluorescently labeled virus (FLV) tracer ap-
proaches. Each method indicated lower viral produc-
tion in anoxic bottom waters than in surface water.

Dark viral decay rates were lower for deep water (ca.

1% h−1) than for surface waters (ca. 4% h−1). Esti-
mates of viral-mediated bacterial mortality from each
of the two methods disagreed widely. Using a burst
size conversion of 50, the TdR method indicated that
between 4 and 8 % h−1 of bacterial production was
lost to viral lysis, whereas the FLV tracer approach in-
dicated that ca. 160 % h−1 of bacterial production was
lost to viral lysis in all incubations. The discrepancy
between the methods could be due to increased lyso-
genic viral production during bottle incubations and
an inability of the TdR method to detect that portion
of viral production which relies on de novo synthesis
of nucleic acid. These initial results indicate that vi-
ral lysis exceeds grazing as an agent of bacterioplank-
ton mortality in eutrophic, estuarine waters and that
controls of bacterial production in estuaries are similar
over dramatic environmental gradients.
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Viral Dynamics in the Permanently
Anoxic Cariaco Basin

Christopher Hein1

Gordon T. Taylor1 (631.632.8688;

gtaylor@notes.cc.sunysb.edu)

Maria Iabichella1

Mary I. Scranton1

1Marine Sciences Research Center, Stony Brook Uni-
versity, Stony Brook, NY 11794-5000, United States

Free viral-like particles (VLP) were enumerated in
water column (7-1310 m) and sediment trap samples
collected during the CARIACO Time Series Program.
Vertical distributions of VLP corresponded to those
of bacterial abundance and bacterial net production
(BNP), with primary maxima consistently in surface
waters and secondary maxima near the O2/H2S inter-

face. Temporal variations in VLP (0.81 - 631 x 108

VLP L−1) correlated with variations in chlorophyll a,
primary production, bacterial abundance and BNP in
the upper 250 m. In the suboxic zone (250-450 m),
VLP abundance covaried with BNP but not bacterial
abundance nor chemoautotrophic production. In anoxic
waters (> 450 m), temporal variations in VLP abun-
dance were not significantly correlated with any mea-
sured variable. Relationships between viruses, hosts
and environment appear to vary between these layers.

Vertical fluxes of VLP associated with sedimenting
debris varied between 0.39 and 515 x 109 VLP m−2

d−1, a range similar to bacteria (0.88-331 x 109 bac

m−2 d−1). VLP-to-bacteria ratios (VBR) in sinking
pools were very low, varying from 0.01 to 1.21 and av-
eraging 0.60, demonstrating that VLP were not as nu-
merically important in sinking particles as they were
in suspended communities where mean VBR were 16
(oxic), 3 (suboxic) and 31 (anoxic). Comparisons of
sinking fluxes with suspended VLP pools demonstrate
that vertical transport is relatively unimportant in re-
distributing viruses in the water column. Removal rates
by sinking from the oxic, suboxic and anoxic layers av-
eraged 0.11 % mo−1.

OS11I-13 1145h INVITED

Influence of viral lysates on bacterial
carbon cycling

Mathias Middelboe (+45 49 21 33 44;
mmiddelboe@zi.ku.dk)

Marine Biological Laboratory, Strandpromenaden 5,
Helsingor 3000, Denmark

Organic matter released by viral lysis is potentially
an important nutrient source for pelagic marine bac-
teria. Consequently, part of the dissolved organic car-
bon taken up by bacteria may be used several times in
the microbial community before it is respired or trans-
ferred to higher trophic levels. A significant fraction of
the bacterioplankton production may be based on such
recycling of organic matter within the microbial com-
munity, and the liberation of viral lysates may, there-
fore, have a significant impact on the overall carbon
cycling in the marine food web. Input of viral lysates
may also affect the bacterial population dynamics since
the release of cell contents (cytoplasmic and structural
material) from viral lysis may influence the substrate
conditions, thereby favouring growth of specific bacte-
rial populations. We have studied effects of viral lysis
of marine bacteria on bacterial carbon cycling and pop-
ulation dynamics of in two types of experiments: 1)In
culture experiments with individual virus-host systems
it was verified that viral lysates were potentially very
important as substrates for the bacterial populations,
and that release of viral lysates may affect bacterial
growth and community composition. We also found in-
dications for a close coupling between release and sub-
sequent uptake of lysates. Non-infected bacteria were
apparently colonizing infected cells during the latest
stage of infection, suggesting that cell contents were
leaking out of the cells before the total disruption of

the cell. 2) In culture experiments with natural as-
semblages of bacteria we examined how a removal of
most of the natural viral assemblage affected bacte-
rial growth and respiration. The distribution of 3H-
thymidine into different size fractions (dissolved frac-
tion, viral fraction, bacterial fraction and respired frac-
tion) was followed over time in batch cultures. The
results indicated that bacterial net growth and bacte-
rial growth efficiency were significantly higher in cul-
tures with a reduced abundance of viruses than in con-
trol cultures with the natural viral abundance. The
data indicated that viral lysis in natural assemblages of
bacteria and viruses significantly affected the bacterial
carbon cycling by liberating a fraction of the organic
matter already taken up by the bacteria, thus stimu-
lating recycling of bacterial carbon and reducing net
bacterial production.

OS11J HC: 323 B Monday 0830h

Nutrient Dynamics in Coastal
Ecosystems: Linking Physical and
Biological Processes I

Presiding: J Runcie, Hawaii Institute
of Marine Biology; J Smith, University
of Hawaii Manoa
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Evolutionary Perspectives on Nutrient
and Water Movement Effects on
Estuarine Macroalgae

John A Raven1 ((44)1382 344281;
j.a.raven@dundee.ac.uk)

Rebecca Taylor1 ((44)1382 344281;
r.taylor@dundee.ac.uk)

1John A Raven , School of Life Sciences University of
Dundee, Dundee DD2 5DQ, United Kingdom

Macroalgae of marine origin form ’nuisance’ blooms
in certain estuaries which are subject to anthro-
pogenic nutrient enrichment. Most of these algae are
ephemeral/ruderal strategists with high specific growth
rates at resource saturation and relatively short life-
spans.Fossils of an alga which is closely related to some
extant ‘nuisance’ bloom algae have been found in 1.2
billion year old rocks. Since there were no terrestrial
ecosystems producing major geochemical effects until
0.5 billion years ago, there would have been no biolog-
ical enhancement of fluxes of algal nutrients into es-
tuaries during this 0.7 billion years. Over the last 0.5
billion years there have been such biologically enhanced
fluxes.During the last 0.1 billion years there have also
been local inputs of marine-derived nutrients to coastal
sites in the form of the faeces and excreta of secondar-
ily marine vertebrates which return to land to breed
(pterosaurs, marine birds, pinnipeds). However, ‘or-
nithocoprophilous’ algae are not major components of
‘nuisance’ blooms. At present the flux of nutrients such
as N and P through anthropogenically influenced estu-
aries can greatly exceed the nutrient use by the ‘nui-
sance’ algae. Water movements are also important in
moving estuarine algae out to sea, and in removing
algae which are overwintering in estuarine sediements
and which could otherwise initiate blooms at that site
in the following spring.

OS11J-02 0850h INVITED

Hydrodynamics and Nutrient
Acquisition by Seaweeds

Catriona L Hurd (64 3 479 7571;
catriona.hurd@botany.otago.ac.nz)

University of Otago, Department of Botany PO Box
56, Dunedin 9001, New Zealand

The productivity of subtidal seaweeds is often con-
sidered to be restricted under slow mainstream flows
because the development of a thick diffusion bound-
ary layer (DBL) at the thallus surface reduces rates
of inorganic nitrogen and carbon uptake compared to
fast mainstream flows. Here I review evidence for re-
duced fluxes of essential nutrients (nitrogen and car-
bon) to seaweed thalli under slow flows, and discuss
the physiological mechanisms by which seaweeds ac-
quire nutrients from sources other than the mainstream
flow. Recent work indicates that the time scales of
DBL formation for bladed and branched seaweeds in
stagnant flows is seconds, measured using O2 micro-
optodes. For branched seaweed species, properties of
the thallus such as morphology and elasticity influence
seawater velocities within the thalli, and the scale of
turbulence generated. The time scales of DBL forma-
tion around seaweeds and their ability to acquire nu-
trients from a range of sources indicate that the pro-
duction rates of seaweeds are unlikely to be restricted
under natural situations.
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Internal Tidal Upwelling on Florida
Coral Reefs: Episodic Nutrient
Delivery to Deep Benthic Algae

James J. Leichter1 (858-822-5330;
leichter@coast.ucsd.edu)

Hannah L. Stewart2 (510-643-9048;
hstewart@socrates.berkeley.edu)

1Scripps Instituion of Oceanography - 0227, 9500
Gilman Drive, La Jolla, CA 92093, United States

2Dept Integrative Biology, University of California at
Berkeley, Berkeley, CA 94720, United States

The relative importance of potential nutrient
sources to Florida Keys reefs are not well known, and
overall nutrient dynamics for the region are poorly un-
derstood. This study examined relationships between
high frequency nutrient fluxes associated with internal
tidal upwelling and distributions, growth, and tissue
chemistry of the common benthic alga Codium isthmo-
cladum at Conch Reef in the Upper Florida Keys. Dur-
ing intensive study periods in 2000 and 2001, the im-
pact of semi-diurnal internal tidal bores was measured
across sites from 7 to 50 m depth. The arrival of subsur-
face water in internal bores is marked by rapid drops
in temperature of 2 to 8 ◦C in 1 to several minutes,
increases in upslope flow velocities up to 30 cm s−1

, and sharp increases in concentrations of nitrate and
phosphate to as high as 2 to 4 µM and 0.1 to 0.3 µM
respectively. Instantaneous concentrations and near-
bottom fluxes of nitrate and phosphate can be an or-
der of magnitude or more higher during internal bore
conditions than during non-bore, ambient conditions.
The frequency, duration, and magnitude of nutrient
pulses associated with internal bores all increase with
increasing depth on the reef slope. Several lines of ev-
idence suggest that nutrient enrichment from deep wa-
ter has a significant effect on Codium at this site. The
distribution and mean size of individual algae showed
marked increases with increasing depth from 10 to 38
m. A short-term growth experiment showed increased
growth at 34 m relative to 22 m. In June 2001 mean
Codium tissue percent nitrogen increased from 0.65%
(±0.11) at 10 m depth to 0.69% (±0.12) at 20 m and
1.05% (±0.11) at 32 m. δ15N values increased from
2.61 (±0.05) at 10 m to 3.49 (±0.69) at 20 m and
4.68 (±0.21) at 32 m suggesting increased utilization
of deep water N sources with depth. Seasonal variation
in Codium N% and δ15N was also observed, and cor-
responds to variation in internal tidal upwelling. In-
ternal tidal upwelling is widespread on Florida Keys
reef slopes, and high frequency nutrient pulses creat-
ing highly variable nutrient concentrations are inherent
features of nutrient dynamics of this region.

OS11J-04 0930h

Marine macroalgae as bioindicators of
elevated nutrients: effects of physical
processes on algal physiology.

John W Runcie (808 236 7477; runcie@hawaii.edu)

Hawaii Institute of Marine Biology/ Hawaii Coral
Reef Initiative, P.O. Box 1346, Kaneohe, HI 97644,
United States

Marine macroalgae have been widely used as indi-
cators of the surrounding environment. Marine coastal
areas with high levels of human activity are often in-
fluenced by elevated nutrient or contaminant loading,
altered insolation due to increased sediment loading, or
more frequent and intense freshwater events. Knowl-
edge of the extent to which human activity is altering
the environment is becoming increasingly important for
the maintenance of an acceptable environment. Physio-
logical attributes of macroalgae that reflect changes in
these environmental conditions form the basis of most
bioindicator studies. These attributes include the ele-
mental composition (C:N:P) of the alga; 13C:12C and
15N:14N ratios; photosynthetic rates; nutrient uptake
rates; and the composition and quantity of photosyn-
thetic pigments. However, distinguishing the effects of
human activity (urban runoff, sewage disposal) from
natural events (changes in seasons, water movement,
temperature, rainfall) in terms of algal physiology is
problematic.

In this paper I discuss how physical processes in-
fluence the physiological responses of marine macroal-
gae to elevated nutrient loading. I compare the results
of two studies that used macroalgae to assess nutrient
loading in a) the upper reaches of a temperate estuary
subject to sewage discharge, and b) a tropical coastal
embayment with considerable oceanic influence. Both
environments are subject to anthropogenic nutrients
from different sources and are dominated by different
hydrodynamic processes. Algal physiological parame-
ters as discussed above are examined in the light of
these physical processes.

OS11J-05 0945h

Nutrient Dynamics of the Green Alga
Halimeda tuna Along a Depth
Gradient at Conch Reef, Florida Keys:
Possible Influence of Internal Tides?

Jennifer E. Smith (808-956-3943;
jesmith@hawaii.edu)

University of Hawaii, Department of Botany, 3190
Maile Way, Honolulu, HI 96822

A factorial nutrient enrichment study was con-
ducted to quantify differences in growth and physiology
of the common reef alga Halimeda tuna at two depths
(20 and 3 m) on Conch Reef, Key Largo, Florida. Previ-
ous research conducted at this site has documented the
occurrence of periodic internal waves delivering cold
water onto deep reefs. We hypothesized that deep pop-
ulations of benthic algae would be less nutrient lim-
ited than shallow populations of the same species as
a possible result of these events. Growth of H. tuna
was significantly greater at the 20 m site than at the 5
m site. In general, plants at the deeper site were sig-
nificantly larger than at shallow site and deep plants
showed no growth response to enrichment. Shallow en-
riched plants reached levels of growth that were similar
to and not significantly different from deep un-enriched
plants. All morphological parameters examined showed
similar results. Photosynthetic parameters estimated
using PAM florescence showed that these two popu-
lations exhibited typical sun-shade characteristics as
would be expected from high and low light environ-
ments. The nutrient enrichment effects on PAM pa-
rameters suggest that both populations were physiolog-
ically nutrient limited but again the 5 m population re-
sponded more than the 10 m population to enrichment.
Tissue nitrogen and phosphorous content were signifi-
cantly greater for the deep population and both popu-
lations showed a significant positive response to enrich-
ment. Results of this study show differential nutrient
limitation between two populations of H. tuna along a
depth gradient where deep reef plants were more nutri-
ent replete than the shallow. This suggests that natural
offshore enrichment events such as upwelling on tropi-
cal reefs may be important in driving benthic commu-
nity production.

OS11J-06 1020h

The Temperature-Nitrate Relationship
Along the Baja California Coastline
and Giant Kelp Forest Carrying
Capacity: Ecosystem Signals of a
Physical-Chemical Anomaly?

Lydia B. Ladah1,2 (5261745050; lladah@cicese.mx)

Jose A. Zertuche-Gonzalez2 (5261744601;
zertuche@faro.ens.uabc.mx)

1CICESE - Dept. Ecology, Fisheries Ecology Group,
Apartado Postal # 2732, Ensenada, B.C CP22800,
Mexico

2Universidad Autonoma de Baja California - Instituto
de Investigaciones Oceanologicas, Apartado Postal
# 453, Ensenada, B.C CP 22800, Mexico

Locally intense upwelling events along the Califor-
nia and Baja California coastlines result in highly pro-
ductive zones inhabited by primary producers such as
the giant kelp, Macrocystis pyrifera. Temperature and
nutrient concentrations are two important factors af-
fecting giant kelp forest survival. When temperatures
rise above 20◦C, in general Macrocystis pyrifera plants
tend to deteriorate in California. Low nutrient con-
centrations, often inversely correlated with higher tem-
peratures in these upwelling zones, have been impli-
cated in kelp forest deterioration in California. How-
ever, in Baja California, M. pyrifera forests have been
shown to thrive in warmer waters in spite of the well-
known deleterious effects of high temperatures on giant
kelp survival. Analysis of the temperature-nitrate re-
lationship in Baja California shows a similar relation-
ship to that established for California coastal waters:
increasing nitrate concentrations with decreasing tem-
peratures. However, in more southern Baja California
sites, the relationship becomes shifted to show higher
nitrate concentrations in warmer water than would be
expected. In California, waters warmer than 15◦C
rarely show detectable nitrate concentrations, whereas
in Baja California detectable nitrate was found at tem-
peratures up to 19◦C. We propose that the survival of
southern-limit Baja California M. pyrifera kelp forests
detected at times in warmer waters, and the higher car-
rying capacity of southern Baja California sites may be
due, in part, to differences in the temperature-nitrate
relationship of that region. The reasons for the differ-
ent relationship between these physical and chemical
factors, and the biological processes linked to them,
will be discussed.

OS11J-07 1035h

Eutrophication Increases Grazing
Pressure of Brown Algae via Increased
Performance of the Herbivores

Anne Hemmi1 (358-40-7760657; anne.hemmi@utu.fi)

Veijo Jormalainen1

Tuija Honkanen1

1Section of Ecology, Department of Biology, FIN-
20014 University of Turku, Finland

Plant-herbivore theories predict that the availabil-
ity of nutrients is reflected in the nutritive value and
defensive chemistry of plants. We have experimentally
examined the effect of environmentally induced plas-
ticity in algal quality on herbivore fitness and conse-
quently, the capability of the alga to induce herbivore
deterrence.

We evaluated the effect of the nutrient enhancement
on the quality of Fucus vesiculosus as food for its major
herbivore. First, we reared the adults of Idotea baltica
on algae grown either on enhanced nutrient or control
conditions for the entire intermolt preceding mating
and oviposition. The herbivores fed on nutrient-treated
algae achieved significantly higher growth rates, con-
sumed more food and laid more and larger eggs than
the controls.

Second, we reared the juveniles of I. baltica for five
intermolt cycles on filamentous green alga Cladophora
glomerata, grown either on enhanced nutrient or con-
trol conditions. The juveniles showed similar trend
as the adults: animals fed on nutrient-treated alga
reached twice the weight in a shorter time compared
to those fed on control alga.

Third, we examined the existence of inducible deter-
rence of F. vesiculosus against I. baltica by simulating
herbivory in within-plant and temporal scales. Changes
in phlorotannin concentration of the algae and herbi-
vore feeding preference tests suggested that F. vesiculo-
sus has rapidly induced responses to herbivore feeding.
However, these responses were not strong and nutrient
enhancement did not significantly affect the occurrence
of induction.

We suggest that eutrophication may potentially im-
prove quality of the algae for herbivores. This is likely
to be reflected in herbivore population dynamics and
increased grazing pressure. As a consequence, elevated
nutrient levels in the water due to eutrophication may
be a cause for diminishing brown algal belts through
increased herbivore densities.

OS11J-08 1050h

A Detailed Study of the Nitrogen
Isotopic Composition of Organic and
Inorganic Nitrogen in a Coral Reef
Environment

Kathryn A. Lamb1 (305-361-4811;

klamb@rsmas.miami.edu)

Peter K. Swart1 (pswart@rsmas.miami.edu)

Geoffrey S. Ellis1 (gellis@rsmas.miami.edu)
1Rosenstiel School for Marine and Atmospheric Sci-

ences, Department of Marine Geology and Geo-
physics 4600 Rickenbacker Causeway, Miami, FL
33149, United States

Over the past decade there has been a perceived de-
cline in the health of many coral reefs in the Caribbean
and in particular in the Florida Keys. One postulated
explanation is that a higher nutrient load caused by
anthropogenic activity has resulted in the increased
growth of algae that competes with the corals for sub-
strate and in some instances, overgrows and kills them.
It has also been suggested that the stable isotopes of
nitrogen may provide a tracer with which to recognize
the impact of anthropogenic nutrients within the coral
reefs ecosystem. Several papers have provided data
purporting to show this affect on a global scale, as well
as within Florida, however, in spite of these published
data there remains an absence of basic information on
the range of nitrogen isotopes and fractionation in coral
reef environments. Such data are vital to interpret the
δ15N values of reef organisms and to assess the impor-
tance of anthropogenic nitrogen. In order to remedy
this situation, we have been conducting a systematic
survey of the isotopic composition of organic and inor-
ganic nitrogen in the water column, benthic organisms,
and higher trophic organisms in the Florida Keys Na-
tional Marine Sanctuary. The δ15N of nitrate in the
reef waters shows an inverse correlation with concen-
tration, such that positive values relate to low nutrient
waters. This is a result of fractionation during the as-
similation of nitrate by photosynthetic organisms. This
range is consistent with data measured on particulate
organic matter (+1 to +5 per mille), corals (+2 to +6),
algae (-2 to +10 per mille), and grazing fish (+6 to +8
per mille). Considering these data, it is possible to ex-
plain positive δ15N values found in reef organisms by
mechanisms other than anthropogenic input.
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Wind events and Benthic-Pelagic
Coupling in Western Florida Bay

David J. Lawrence1 (1-985-223-7484;

dlawrence@lumcon.edu); Michael J. Dagg1

(mdagg@lumcon.edu); Hongbin Liu1

(hliu@lumcon.edu); Shailer R. Cummings2

(shailer.cummings@noaa.gov); Peter B. Ortner2

(peter.ortner@noaa.gov); Christopher Kelble2

(kelble@aoml.noaa.gov)

1Louisiana Universities Marine Consortium, 8124
Highway 56, Chauvin, LA 70344, United States

2Atlantic Oceanographic and Meteorological Labo-
ratory, 4301 Rickenbacker Causeway, Miami, FL
33149, United States

We hypothesized that episodes of wind-induced mix-
ing in Florida Bay (25.07◦N, 81.01◦W) contributed to
biological processes in the water column by suspension
of benthic dissolved and particulate materials, includ-
ing benthic biota. Suspended particulate material, dis-
solved nutrients (NH4

+, NO2
−+NO3

−, PO4
3−, and

SiO2
2−), light, chl a, phytoplankton growth and meso

and micro-zooplankton grazing were measured daily in
Florida Bay from 5-13 March 2001. Initially strong
N and NW winds (16 m s−1) gradually diminished
during our study. These strong winds resulted in a
high degree of particulate material suspension, associ-
ated with low light penetration into the water column
and enhanced nutrient availability. The highest con-
centrations of NH4

+, PO4
3−, and SiO2

2− were ob-
served during the strongest period of mixing, sugges-
tive of a benthic source. Phytoplankton growth rates
were light limited during the period of highest SPM
concentration. As SPM settled and light transmit-
tance increased, chl a concentration and phytoplank-
ton growth increased. Elevated nutrient concentra-
tions quickly diminished. Dilution experiments indi-
cated phytoplankton growth exceeded losses to micro-
zooplankton grazing by significant amounts during this
event, with greatest differences during periods of high-
est SPM concentration. Mesozooplankton did not exert
a strong grazing pressure on phytoplankton (<1% re-
duction in phytoplankton growth rate). Given the reg-
ular seasonal passage of northern air masses through
Florida Bay during the October-April time period, we
conclude that wind-driven suspension events are an in-
tegral component of material cycling in this system.

OS11J-10 1120h

Friction, Roughness, Turbulence and
Nutrient Uptake by Coral Reefs

Clifford J. Hearn1,2 (61262688469;
c.hearn@adfa.edu.au)

Marlin J. Atkinson2 (MarlinAtkinson@aol.com)

Jim L. Falter3 (jfalter@soest.hawaii.edu)
1Oceanography, University of New South Wales,

ADFA, Canberra, ACT 2600, Australia

2Hawaii Insitute of Marine Biology, PO 1368, Ka-
neohe, HI 96744, United States

3Department of Oceanography, University of Hawaii,
1000, Pope Road, Honolulu, HI 96744, United
States

Coral reefs are some of the roughest surfaces en-
countered in the ocean and maintain this roughness,
against the effects of erosion, by their continuous
growth processes. Such roughness creates extreme tur-
bulence which is vital to many fundamental biologi-
cal processes which are of prime importance to the
health and ecology of coral reefs. The roughness of
coral reefs exists on spatial scales extending from in-
dividual polyps (few centimeters) to the larger-scale
complex topography of complete reefs (hundreds of
meters) and so the conventional nearshore concept of
smoothly-varying bathymetry is nowhere applicable to
coral reefs. The hydrodynamic ’roughness length’ is
very large on coral reefs and varies not only with spa-
tial scale but with bottom type, e.g. sand, rubble or
living-coral. This paper discusses the important spa-
tial scales for which roughness controls wave-forced cur-
rents, turbulence and nutrient uptake. Results are then
presented for the variation of frictional stress, turbu-
lent energy dissipation, and nutrient uptake with the
height and period of waves on reefs. The paper pro-
ceeds to analysis the importance of roughness in con-
trolling water flow across coral reefs, and the associated
flushing of their lagoons, and also the dependence of
these quantities on the height and period of incoming
waves.

URL: http://www.ge.adfa.edu.au/SPECIES
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1Australian Inst. of Marine Science, PMB No. 3,
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Monsoonal rivers in NE Queensland drain an av-
erage of 70 cu. km of runoff into the Great Barrier
Reef (GBR) each year from a catchment of 422,000
sq. km. Most of the GBR catchment was covered
by savanna woodland and is now used for cattle graz-
ing. Substantial clearing of vegetation has taken place
in some catchments. Intensive cultivation of sugar-
cane occurs on 4,000 sq. km in wetter portions of
the coastal plain. Runoff dynamics are characterised
by a high level of inter-annual, seasonal (wet-dry), re-
gional (wet tropics dry tropics) and event-based (trop-
ical cyclone) variability. Most freshwater runoff and
export of sediment and nutrients occurs during brief
wet-season flood events, which follow cyclones or mon-
soonal rain depressions. In this variable runoff regime,
wet and dry catchments exhibit typologically consistent
discharge volume-export relationships for sediment and
nutrients (N, P). Dry-catchment rivers have low area-
specific runoff rates, but high volume-specific sediment
and nutrient loads. Wet-tropical rivers have high area-
specific runoff, but lower volume-specific loads. These
topological relationships have been used to estimate
whole-catchment exports of sediment and nutrients to
the GBR that take account of the considerable natural
hydrological variability of NE Queensland rivers. Lon-
gitudinal sampling of nutrient concentrations within in-
dividual rivers indicates that sediment and nutrient ex-
ports to the GBR have increased several-fold in the last
century as a result of land clearing and floodplain fer-
tiliser applications.
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The Legacy of Historic Sewer
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Tomorrow?
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ology Lab 24501 S. Figueroa St., Carson, CA 90745,
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In the early 1970’s, monitoring of Palos Verdes
infauna by the Los Angeles County Sanitation Dis-
tricts (LACSD) revealed distinct effects from wastew-
ater discharge, including low numbers of species diver-
sity, abundance, and biomass in the areas around the
outfalls. Since the 1970’s, long-term monitoring of the
area has allowed documentation of environmental and
biotic recovery in response to improving effluent qual-
ity. Impacts related to the wastewater discharge were
severe during the early years of the surveys, but have
dramatically decreased over time. As a result, many
adverse alterations to marine habitats have decreased
in magnitude or disappeared altogether. Nevertheless,
historically deposited contaminated sediments still re-
main on the shelf and slope. Physical and biologi-
cal processes are mixing these sediments, and contami-
nants continue to be bioavailable from both surface and
buried sediments. This process allows contaminants
that have not been discharged in decades to continue
to influence the local fish and invertebrate communi-
ties. Options for dealing with this situation will be
discussed.

URL: http://www.epa.gov/region09/features/pvshelf/
pilot.html
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Through development of new platforms, observa-
tional technologies, and modeling capabilities, the
ocean and earth sciences are on the threshold of a rev-
olution in ability to address fundamentally new scien-
tific questions and to support a much broader commu-
nity of users of information about the ocean. Specif-
ically, advance in knowledge of the oceans has been
severely limited by lack of sustained observations over
extended periods and large areas. There is an imme-
diate need for a new approach that effectively links
basic research and operational oceanography to pro-
vide the data, information, and understanding required
for more timely detection, understanding and predic-
tion of change in all aspects of marine and estuarine
ecosystems and the resources they support. New ap-
proaches are being developed to continuously visualize
and assess environmental data that describe physical,
biological, chemical, and geological processes operating
in the four dimensions of space and time. To achieve
expected new scientific insights at previously poorly-
explored scales of observation and simultaneously serve
national needs for better awareness of ocean processes,
the GOOS (Global Ocean Observing System)and DEOS
(Dynamics of Earth and Ocean Systems)international
initiatives need to develop synergistically and become
operational via the National Ocean Partnership Pro-
gram (NOPP) and Ocean.US as soon as possible. A key
premise of this approach is that hypothesis-driven basic
research programs and the development of operational
oceanography are critically dependent on each other.
Basic research to be conducted via the DEOS initiative
will be required to develop the full capabilities of the
GOOS initiative, and the scales of observation and vi-
sualization made possible by use of GOOS, will increase
the value and importance of more specifically-scientific
inquiries.

URL: http://core.cast.msstate.edu/NOPPpg1.html
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There is an immediate need to develop the coastal
module of GOOS that will enable periodic ecosystem
assessments and significantly improve the ability of
participating nations to achieve the goals of interna-
tional agreements and conventions for environmental
protection, sustainable living marine resources, healthy
marine and estuarine ecosystems, and safe and efficient
marine operations. It is likely that, in the absence of
a sustained observing system for improved ecosystem
assessments and prediction of environmental changes
and their effects on the environment and people, con-
flicts between commerce, recreation, development, en-
vironmental protection, and the management of living
resources will become increasingly contentious and po-
litically charged. The social and economic costs of un-
informed decisions will increase accordingly.

Two related topics are addressed in this context.
The first is the challenging task of producing scien-
tifically credible quantitative assessments of the sta-
tus, condition or health of coastal marine and estuar-
ine ecosystems (ecosystem assessments) on regional to
global scales. The second is the current capacity to pro-
vide the data required to produce such assessments in
a routine and repeatable fashion (a purpose of GOOS).

The Program of Action for Sustainable Development
(Agenda 21 agreed to at the UNCED conference in1992)
calls for the establishment of a global ocean observ-
ing system that will enable effective and sustainable
management and utilization of the marine environment
and its natural resources. Effective and sustainable use
of the marine environment and its living resources de-
pends on the capability to routinely and periodically
assess and anticipate changes in the status of coastal
ecosystems and living resources on national to global
scales. Recent attempts to produce such quantitative
assessments have not been successful on either national
(U.S.) or global scales. The reasons for this state of af-
fairs and the status of the coastal module of GOOS are
discussed in this context.

URL: http://www.hpl.umces.edu/cgoos/
cgooshome.html


