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C.  PROJECT DESCRIPTION 
 
RESULTS FROM PRIOR NSF SUPPORT  
 
1. University of South Alabama (RPK).  NSF-OCE-9530378;  
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explain why it is produced in such large amounts (100-300 mM; 5-20% of cell carbon) in many 
ecologically important phytoplankton species.  It would also help to explain why DMSP/Chl a ratios and 
DMSP lyase activity/Chl a ratios are much higher in optically clear, nutrient poor regions of the ocean 
(Fig. 2), where oxidative stress might be prevalent, and why DMSP was correlated with antioxidant 
carotenoids (Belviso et al., 1993). 

As with the spatial relationship described above, maximum chlorophyll-specific DMSP and DMS 
concentrations in oceanic surface waters occur in the summer when solar UV-exposure is highest due to 
higher UV intensity, longer photoperiods, and shallower mixed layer depths (Dacey et al., 1998; Uher et 
al., 2000). Surface DMS/Chl a ratios increase by 10- to 50-fold from winter to summer in a broad range 
of subtropical, temperate, and sub-arctic waters.  This seasonal pattern has been suggested to be related to 
UV photo-inhibition of bacteria which utilize DMS as a growth substrate and to fluctuations in DMS 
photolysis rates.  These factors are undoubtedly important; but so too could physiological up-regulation of 
DMSP production and lyase activity in response to higher solar UV, or other oxidative stress factors.  
Presently, too little information is available to fully evaluate which factors are most important in 
controlling the DMSP/DMS cycling in different ocean environments, and this is especially true for the 
Southern Ocean, where very little process work has been carried out.   

Under our oxidative stress hypothesis, we can speculate that phytoplankton species with high DMSP 
content and lyase activity like Phaeocystis sp. may be particularly well adapted to face oxidative stress 
conditions caused by scarcity of Fe, high UV-R exposure and rapidly changing light fields resulting from 
vertical mixing during self-shading blooms. We can further speculate that colony-forming organisms like 
Phaeocystis sp., that produce a dense mucilage envelope may also be subjected to diffusion-controlled 
CO2 limitation, and elevated O2 concentrations, both of which may lead to oxidative stress. Regardless of 
whether oxidative stress is a contributing factor, the fact is that Phaeocystis  forms extensive blooms 
during the austral spring in the Ross Sea, and more information is need to help explain why this organism 
is so successful in that environment.  

Nutrient impacts on DMSP production and cycling.  Nutrients, together with light, play a major role 
in determining the distribution and magnitude of phytoplankton biomass and primary production.  In the 
Southern Ocean, the major macronutrients nitrate and phosphate do not limit algal growth nor are their 
concentrations significantly affected by important DMSP-rich algal blooms, such as PhaeocysN33.75s
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to photochemical destruction of DMS.  DMS photooxidaton appears to depend on photosensitizers 
present in seawater which are most likely part of the colored dissolved organic matter (CDOM) pool 
(Dacey et al., 1998).  In the open ocean, CDOM,, the major absorber of UVR in the water column 
(Mopper and Kieber, 2000), originates from autochthonous primary productivity and food web processes 
so the interaction of light with the DMS cycle is most certainly complex.  Furthermore, DMS photolysis 
is driven primarily by UV-R < 430 nm (Kieber et al., 1996), the penetration of which is a strong function 
of CDOM concentration, which, in turn, is affected by primary production, food web processes and time 
available for photobleaching (Vodacek et al., 1997). The exposure of the plankton community and the 
relative importance of photoinhibition (see below) or DMS photolysis will be dependent on the mixing 
depth, mixing rate and the UV spectral irradiance field in the water column (controlled largely by 
CDOM) (Neale and Kieber, 2000).  Although we have indications that all of these factors are important, 
we do not have a good mechanistic understanding of how they interact, especially in polar environments. 
Effects of light on bacterial processes in the DMSP/DMS cycle.  It is now well known that marine 
bacterioplankton, including those in the Antarctic suffer DNA damage and decreased growth rates as a 
result of exposure to solar UV-R (Herndl et al., 1993; Jeffery et al., 2000).  Not surprisingly, the 
bacterially-mediated processes of DMSPd and DMS consumption, both of which are important in 
controlling steady state DMS concentrations, are also sensitive to UV-R (Slezak et al., 2001) Kiene, & 
Slezak unpublished data). Dacey et al. (1998) suggested that a possible mechanism for DMS 
accumulation in highly stratified ocean waters is photoinhibition of bacterial DMS consumption.  In 
addition to effects of UV-R on the rates of DMSP and DMS consumption, we now have evidence that 
exposure to surface irradiances can cause changes in the fraction of DMSP converted to DMS (Fig. 3).  
The photo-effects on the DMS cycle are complex because all members of the biological community 
(producers and consumers of both DMS and DMSP) are sensitive to UV and PAR.  These interactions 
need to be understood if we are to understand what controls the biogeochemical cycling of these 
compounds in the field.   

One approach that has been extremely useful in modeling the effects of UV-R on phytoplankton 
photosynthesis is the determination of biological spectral weighting functions (BWF) (Neale et al., 1998; 
Neale and Kieber, 2000).  BWF are determined with a photoinhibitron, which is an experimental system 
that allows a series of replicate samples to be exposed to simulated solar light of different spectral quality 
and intensity (adjusted with selective cut-off filters).  Biological responses (e.g. photosynthesis) are 
measured at different radiation dosages and the results used to generate the spectral weighting function. 
BWF can then be used to predict responses of natural populations if the spectral irradiance is known.   
The influence of mixing can be included in such models and these have produced some surprising results.  
Contrary to intuition, the effects of deep vertical mixing did not always decrease photoinhibition of 
phytoplankton production, but rather it increased (Neale et al., 1998).  This result comes from the fact that 
the responses to UV are non-linear, and that non-acclimated phytoplankton are mixed into high UV 
regions of the water column and disproportionately inhibited.  BWF for the responses of bacterial DMS 
and DMSP consumption will be extremely useful in teasing apart the complex photobiological 
interactions within the DMSP/DMS cycle.   If we can obtain BWF for specific processes, we can use this 
information to predict the depth dependence for these processes in a static water column.  If we are 
further able to incorporate the BWF for use in the Ross Sea mixing model being developed by A. Gargett 
as part of the already-funded Neale/Jeffrey/Gargett project, we will have a powerful tool to study the 
effect of water column mixing dynamics on photobiological interactions (Neale et al., 2002).  

Unique aspects of the Ross Sea environment with respect to DMSP/DMS cycling.  Recent work 
resulting in part from the intensive JGOFS Southern Ocean program provide a fascinating picture of 
phytoplankton production, the microbial food web and the carbon cycle in the Ross Sea.  Phytoplankton 
production is dominated by Phaeocystis anarctica (Smith et al., 2000), especially in waters away from the 
ice edge where iron concentrations are lower, and the water column more deeply mixed then at the ice 
edge.  The massive amounts of phytoplankton production during the early-to-mid austral spring are not 
accompanied by micro- or macrozooplankton grazing (Caron et al., 2000), nor substantial accumulation 
of dissolved organic carbon (DOC) (Carlson et al., 2000).  Instead, there is evidence that a large fraction 
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of the primary production may sink out of surface waters, leaving a strong DMS signal in surface waters 



 8

where iron is a limiting micronutrient and large seasonal variations in solar radiation are observed. 
Therefore, an important goal of our proposed research is to examine the effects of iron, and of light 
intensity and spectral quality on DMSP and DMS dynamics in the water column.  The Ross Sea is an 
ideal study site for this purpose in part because it experiences large changes in actinic UV-B radiation 
during the austral spring due to large variations in meteorological conditions, fluctuations in the intensity 
and position of the ozone hole, and a large increase in solar intensity due to an increase in day length and 
solar zenith angle from September to the December solstice. Additionally, total and dissolved iron 
concentrations will vary spatially and seasonally due to melting ice, bloom development, and vertical and 
horizontal mixing dynamics. Finally, zooplankton grazing of P. antarctica, and its resultant effect on 
sulfur dynamics in the water column is expected to be minimal (Caron et al., 2000; Dunbar et al., 1998), 
thereby simplifying interpretation of light and iron effects.   

We propose to participate on two research cruises in the Ross Sea during the early and late austral 
spring.  For details regarding these cruises and the details of the collaboration with Neale et al., the reader 
is referred to the subsequent section on Timing, Cruise Logistics, and Coordination with Collaborators.   
On each cruise, we will conduct deckboard and water column experiments, determine action spectra and 
biological weighting functions, and measure water column concentrations and turnover of the major 
sulfur species (DMSPp, DMSPd, DMS, DMSO) along with appropriate ancillary measurements made by 
our research group or by our collaborators to study iron and light effects on sulfur dynamics.  These 
measurements and experiments are designed to address six objectives described below, which will allow 
us to test the hypotheses put forth in the proposal 

   
1. Determine effects of light intensity and quality on phytoplankton DMSP production and lyase 
activity.  To investigate how light intensity and spectral quality affect DMSP and DMS production by 
natural populations of phytoplankton, we will carry out a series of short and long term incubations to 
manipulate light conditions and measure changes in DMSPp concentrations, DMSPp/pigment ratios, 
DMSP lyase activity, and DMS and DMSO concentrations.  We expect that responses to light will 
include changes in phytoplankton growth and biomass production (including DMSP), but also 
physiological changes including possible up-regulation of DMSP production and lyase activity driven by 
stressful levels of PAR and UV-R.   

At each station, seawater used to test phytoplankton responses to light will be collected from the 
surface mixed layer. Short term responses (< 1 day exposure) of natural phytoplankton populations to 
different spectral treatments will be carried out in Dr. Neale�s polychromatic irradiation system 
(photoinhibitron, see letter of collaboration), which exposes a series of replicate unfiltered water samples 
to eight spectral treatments (for details regarding the photoinhibitron  see objective 3).  For details of this 
irradiation system, irradiation procedures, and calculations of  biological weighting functions (BWF) the 
reader is referred to Neale (2000).  Grazing is not expected to be a significant source of phytoplankton 
mortality during early bloom development in the Ross Sea (Caron et al., 2000) so net changes in the 
DMSPp concentrations as well as pigments (chl a) and lyase activity will reveal how the phytoplankton 
community responds to exposure to different parts of the UV spectrum.  Therefore, from these 
polychromatic incubations, we should be able to determine BWF for DMSPp production and lyase 
activity; a secondary objective of these experiments will be to determine BWF for DMSOp, since it is 
proposed to be an intermediate in the antioxidant activity of DMSPp (Sunda et al., 2002).  The time-
dependent phytoplankton fluorescence quantum yield of photosystem II (Fv/Fm) will also be measured, 
either by Neale�s group, who will be doing this routinely during the 2003 cruise, or by Kiene�s group, 
who also have an active fluorometry (PAM) system for these measurements.  Neale et al. (1998) have 
shown that the fluorescence quantum yield of PS II is a sensitive indicator of UV induced stress in natural 
phytoplankton assemblages. Having a quantitative measure of stress will be useful in interpreting changes 
in the DMSP pools, lyase activity and possibly DMS.  We will measure dissolved DMS and DMSP in 
these incubations, but changes in those pools will reflect not only the responses of the phytoplankton but 
also the influence of light on bacterial processes and DMS photolysis.  Other experiments (objectives 2 & 
3 below) will aid in interpreting these contributions.      

0230497
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Longer term responses of phytoplankton communities to different spectral regimes will be determined 
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3. Determine DMS photolysis rates.  We will determine action spectra and conduct in situ and deckboard 
incubations to quantify DMS photolysis rates in the Ross Sea.  All photochemical experiments will be 
conducted with freshly collected 0.2 µm-filtered seawater samples, with 35S-labelled DMS added at tracer 
levels, and light will be quantified by chemical actinometry and spectroradiometry.   

Action spectra will be determined employing Dr. Neale's photoinhibitron system, which has been 
used successfully to study photochemical processes in Antarctic waters (Miller and Johannessen, 2000; 
Neale and Kieber, 2000). Briefly, seawater samples will be placed in gas-tight quartz quvettes and 
irradiated with a 1 kW Xe lamp in a thermostated incubator at 0 oC.  Eight spectral treatments will be 
examined employing different long pass glass filters, with up to ten different irradiances for each spectral 
treatment.  Observed photolysis rates for each treatment will be used along with spectral irradiance 
measurements and absorbance data to determine action spectra, employing the modeling approach 
outlined in Neale (2000).  Action spectra will be determined for approximately eight different seawater 
samples corresponding to the major hydrographic stations that are occupied during the cruise (for cruise 
plan details see the section on Timing, Cruise Logistics, and Coordination with Collaborators).  Once 
action spectra are determined, they will be used along with water column spectral irradiance data and in 
situ [DMS] to model photolysis rates as a function of depth in the water column using the modeling 
approach similar to that outlined in Vähätalo et al. (2000). 

In addition to modeling water column rates, action spectra will also be used to predict how DMS 
photolysis rates are affected by variations in UV-B caused by ozone depletion and by variations in UV-R 
caused by variations in sun angle and cloudiness (Neale and Kieber, 2000).  Based on action spectra 
obtained in temperate/subtropical waters, which show relatively little photolysis in the UV-B (Bouillon et 
al., 2001; Kieber and Jiao, 1995; Toole et al., ms in preparation), it is expected that ozone levels will be 
of secondary importance in controlling photolysis rates in seawater compared to cloud cover and solar 
zenith angle. 

To assess the robustness  of modeled water column rates , we will compare them to measured in situ 
rates determined with a free-floating optical drifter (Kieber et al., 1997).  The drifter will be used to 
directly account for the effect of attenuation of downwelling and upwelling irradiance on DMS photolysis 
rates.   For each drifter study, 0.2 µm-filtered seawater collected from the surface mixed layer (with added 
35S-labeled DMS isotope) will be transferred into approximately twenty gas-tight quartz tubes.  Two-to-
three quartz tubes will be placed at each depth on the drifter array (ca. 2, 4, 6, 8, 12, 20 m), and several 
dark controls will also be examined.  The drifter will be deployed early in the morning (ideally before 
sunrise) and retrieved after sunset to yield total daytime photolysis rates (Yocis et al., 2000a).  Weather 
permitting, drifter deployments will be made at each hydrographic station that is occupied during the 
cruise.  UV-B and UV-A photon exposures will be quantified in all incubations employing chemical 
actinometry (Jankowski et al., 1999; Jankowski et al., 2000).   

In addition to the above studies, seawater samples will be collected daily, filtered, and exposed to 
solar radiation in surface-seawater thermostated deckboard incubators.  DMS photolysis rates will be 
normalized to UV-A (320-400 nm) fluxes determined from parallel irradiations of the chemical 
actinometers in the incubators. Since the photolysis of DMS is photosensitized by chromophoric 
dissolved organic matter,CDOM (for review see Mopper and Kieber, (2000)), DMS photolysis rates 
should be strongly dependent on the quantity and quality of the CDOM in the water column.  However, 
since the specific photosensitizers are not known, the absorbance of CDOM will be used as a proxy to 
predict DMS photolysis rates in Antarctic waters.  In the proposed study, photolysis rates (normalized to 
the UV-A photon exposure) will be correlated to seawater absorbance coefficients at 300 nm (other 
wavelengths will also be considered).  We expect that rates will be highly correlated to CDOM 
absorbance coefficients, as observed in temperate waters (Kieber and Jiao, 1995).  However, this 
correlation may show some variance due to a change in the main source (and cycling) of CDOM, as may 
occur with a shift from a Phaeocystis bloom to a diatom bloom.  To aide us in interpreting these results, 
we will examine phytoplankton and bacterial composition/abundance data obtained by our collaborators 
at each station.  If photolysis rates are positively correlated to CDOM absorbance coefficients, then this 
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will provide evidence to support our supposition the photolysis rates can be predicted in Antarctic waters 
based, in part, on seawater absorbance coefficient determinations.  

The long term goal of the above photochemical studies is to quantify depth dependent removal rates 
of DMS photolysis that will allow us to quantify net accumulation of DMS in the mixed layer after 
considering biological removal and source fluxes, atmospheric ventilation, surface irradiances, 
downwelling (and upwelling) attenuation coefficients, and water column mixing dynamics (objective 4). 
 
4.  Determine yield of DMS from DMSPp in algae and bacteria, and effect of surface mixed layer77(dmixe9(oyie)10(l)-h )10.9(me.f)7.8.9(coie)11
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substantially.   Therefore, an important objective of the cruises is to examine the effect of nutrients on 
sulfur dynamics. We will focus our efforts on iron, since this is thought to be the primary limiting nutrient 
for DMSP-rich Phaeocystis in the Ross Sea.  To study iron�sulfur dynamics, we will conduct transects 
and manipulation experiments. 

Surface transects will be conducted from the ice edge outward to a series of stations progressively 
�downstream� from the melting ice as determined by underway salinity measurements.  At each station, 
samples will be collected to determine DMSP:Chl a and DMS:Chl a ratios, and to determine 
phytoplankton community composition.   The latter will be used to determine if ratios vary due to 
changes in species composition and relative abundance, or whether they vary due to physiological 
changes within the same algal bloom species.  If the Phaeocystis bloom is fairly extensive, then we 
should be able to attribute difference in ratios to changes in physiological state.  To further address this 
question, we will also analyze samples for DMSP lyase activity, which is expected to be up regulated as 
dissolved iron concentrations decrease away from the ice edge. 

For low iron samples, we will add iron to seawater at low nM levels and incubate the samples in the 
deck incubator with different neutral density screens.  We will conduct a time-course experiment to 
examine how relief of Fe stress affects DMSPp and DMS concentrations as well as lyase activity relative 
to unamended controls.  We expect that DMSP:Chl a will decrease after Fe fertilization, just as was 
observed in the Pacific Iron-Ex studies (Coale et al., 1996; Turner et al., 1996). 
 
6. Determine contribution of DMSP cycling to carbon budget in the Ross Sea.  Information from 
temperate and subtropical ocean areas suggests that the carbon flow through DMSP is significant, 
especially in relation to the C requirements of bacterioplankton (Kiene and Linn, 2000a; Zubkov et al., 
2001).  Our estimates of DMSP production and turnover, together with primary production will allow us 
to determine the relative contribution of DMSP-C to the total carbon flux.  Furthermore, our 
measurements of bacterial DMSPd turnover and DMSP-carbon utilization efficiency (determined with 
uniformly labeled 14C-DMSP) will allow us to calculate the contribution of DMSP to the bacterial carbon 
demand.  DMSP-carbon is likely to be a significant part of the primary production in Ross Sea waters 
dominated by Phaeocystis sp.  because DMSP forms 6-20% of the carbon biomass in members of this 
genus (Matrai and Keller, 1994; Matrai et al., 1995; Stefels and van Leeuwe, 1998).  We hypothesize that 
DMSP is less significant to carbon production in diatom-dominated water due to the much lower cellular 
and Chl a-specific DMSP concentrations in diatoms. If we encounter water masses with different 
phytoplankton assemblages (i.e. diatom- vs Phaeocystis-dominated), we should be able to test this 
hypothesis based on our proposed measurements.  Our long term goal here is to ascertain if DMSP is a 
useful model compound for labile DOC.  

Of less importance, but still of scientific interest, is DMSP�s role in supplying sulfur to secondary 
producers.  We will measure the sulfur assimilation efficiency from DMSPd (done routinely with DMSPd 
turnover measurements) and estimate bacterial sulfur demand from bacterial biomass production. 
 
TIMING, CRUISE LOGISTICS AND COORDINATION WITH COLLABORATORS 
 

The cruises in the Ross Sea aboard the Nathaniel B. Palmer will target the area around the longitude 
175°to 178°E, 77° to 75°S latitude (with adjustment as appropriate for ice conditions and SeaWiFS 
imagery as available).  The year 1 cruise will be conducted jointly with Neale et al. as part of their funded 
NSF-OPP project. This cruise will depart Lyttleton New Zealand, October 20, 2003 and end near 
McMurdo Station on Nov 28, 2003.  This timing puts us in the Ross Sea in the mid-to late austral spring, 
which is a time when the Ross Sea ice shelf (RIS) starts to break up and the water column starts to 
stratify.  Phytoplankton productivity during this time can be very high (Smith et al., 2000), and is 
typically dominated by Phaeocystis sp.  Total and dissolved iron levels are also expected to be high near 
the marginal ice zone (MIZ) due to ice melt and decrease by approximately a factor of three (or more) 
away from the ice edge (Fitzwater et al., 2000; Sedwick and DiTullio, 1997).  This is also the time of year 
when the ozone hole is fully developed and UV-B is relatively high so it will be an ideal time for us to 
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investigate how UV-R influences the DMSP/DMS cycle in this region.  The second cruise is proposed for 
the same region, but later in the season, November 22 to December 20, 2004, corresponding to higher 
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sample and the anticipated biological activity. Usually 4 time points are taken. For each time point, 4 mL 
subsamples are transferred into 7 mL scintillation vials containing concentrated H2SO4. The acid stops the 
transformation of 35S-DMSP and oxidizes volatile 35S-species to non-volatile compounds. Acidified 
samples are stored for > 10 h.   For further processing, 3 mL subsamples from the acid-killed samples are 
transferred into 70 mL serum vials and sealed with a rubber stopper containing a filter trap soaked with 
3% H2O2.  Concentrated NaOH is then injected to cleave the 35S-DMSP to 35S-DMS, which is trapped in 
the wicks and analyzed as previously described.  The 35S-DMSP loss rate constants are calculated from 
the slope of the best fit line of the ln (dpmt/dpm0) vs time, where dpmo and dpmt are the amount of 
radioactivity at time 0 and t, respectively. The DMSP turnover is calculated by multiplying the rate 
constant by the initial DMSP concentration in the water sample. 

DMS turnover rate constant.  Water samples (10�12 mL) are pipetted into 14 mL serum vials, 
minimizing gas exchange, and sealed. Tracer levels of gaseous 35S-DMS are injected through the septum 
(ca. 1000 dpm mL-1), followed by incubation in the dark.  After the incubation, 1 mL subsamples are 
transferred into scintillation vials for determination of total radioactivity.  A separate 2 mL subsample is 
sparged to remove volatile 35S-DMS, followed by determination of non-volatile radioactivity, which 
results from 35S-DMS transformations. From these measurements, the fraction of 35S-DMS converted into 
non-volatile compounds per unit time is determined (i.e., the DMS turnover rate constant), which when 
multiplied by the initial DMS concentration yields the DMS turnover. 
 Lyase activity and fluorescence.   We will measure the quantum efficiency of photosystem II with a 
water PAM system (Walz, Inc.) employing procedures outlined in Neale et al. (1998) (1998).  Lyase 
activity will be determined in cellular homogenate samples through addition of substrate following an 
approach similar to that published by Steinke et al. (2000).  Salient changes to this procedure are  the use 
of GF/C or Gelman AE filters (1 µm nominal retention) and incubation of samples with 2 mM DMSP in 
TRIS buffer.  Enzyme activity will be normalized to the volume filtered and Chl a (Steinke et al., 2000).   
The lyase activity determined here represents the maximum rate of lyase activity that is expected in 
sample at saturating DMSP levels.  Activity in vivo may be much lower. 

Light measurements.   Continuous (minute average) measurements of spectral UV-B will be made 
using a SERC designed scanning spectroradiometer (the SR18). The instrument scans by rotating (15 
RPM) a filter wheel with 17, 2-nm bandwidth interference filters with center wavelengths between 290 
and 322 nm and one 10nm bandwidth filter (330 nm).  The instrument has been successfully operated in 
Antarctica on several field campaigns by Dr. Neale.  Surface and water column UV-A and PAR will be 
measured using the vessel GUV511/PUV500 radiometers (Biospherical Instruments). These instruments 
have four filters, each with a nominal 10 nm bandwidth, in the UV with center band wavelengths of 304, 
320, 340 and 380 nm. All irradiance measurements will be made by Neale et al. as part of their funded 
research project.  We will determine UV-B and UV-A photon exposures in our incubation vessels (e.g., 
quartz tubes, Teflon bottles) by nitrate and nitrite actinometry, respectively (Jankowski et al., 1999; 
Jankowski et al., 2000).  Spectral irradiance measurements in light incubators and incubation vessels will 
be made with Dr. Neale�s Actin Research diode array spectroradiometer (Neale et al., 1994). 
 Miscellaneous measurements.    Stored DOC and POC samples will be determined by high 
temperature combustion (Qian and Mopper, 1996).  Absorbance spectra will be determined employing an 
Agilent Technologies diode array spectrophotometer with a 5 cm quartz flow cell. This spectrophotometer 
has been successfully used on previous Antarctic cruises to obtain absorbance spectra in productive and 
oligotrophic waters (Sarpal et al., 1996).   Iron samples will be collected and processed using trace metal 
clean techniques in acid-cleaned Teflon bottles (Sedwick and DiTullio, 1997; Sedwick et al., 2000).  
Filtered samples collected for dissolved iron and unfiltered samples collected for total iron will be 
analyzed by flow injection with chemiluminescence detection, which has a detection limit below 0.2 nM 
(Powell et al., 1995). 

Most isotopes that we require are not commercially available. Fortunately, we have extensive 
experience with the synthesis and use of 35S-DMSP and 35S-DMS (Kiene et al., 1998; Kiene and Linn, 
2000b).  Kiene's lab has also synthesized 14C DMSP for assessment of C-use efficiency. 
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COLLABORATION AND RESEARCH RESPONSIBILITIES 
  

Each PI is uniquely qualified to carry out critical components of the study involving photochemistry 
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sulfide consumption rates and kinetics in estuarine waters. Mar. Ecol. Prog. Ser.  99: 261-269. 

Kiene, R.P. and T.S. Bates. 1990. Biological removal of dimethyl sulphide from sea water. Nature 
345:702-705. 

 
Mentors:  

MS. & Ph.D. (1981-86). Prof. Douglas G. Capone, University of Southern California  
Post-Doctoral.  (1986-87).  Prof. Barrie F. Taylor, RSMAS University of Miami, Miami Fl.  

 
Research Collaborators ñ last 4years:     
 
Jose Gonzalez (Teneriffe), Mark Hines (Alaska), Colin Roessler (Bigelow), Bill Sunda (NMFS), David 
Kieber (SUNY Syracuse), Patricia Matrai (Bigelow), Mary Ann Moran (Georgia), Maurice Levasseur 
(Canada),  Mikhail Zubkov (PML, UK), Rafel Simó (I.C.M. Spain), Carlos Pedros-Alió (I.C.M. Spain). 
 
Graduate Students Advised:  
  
Glen Miley (M.S. 1995), Lynn Hoffmann Williams (M.S. 1996), Brian Jones (M.S. 2000), Ted Stets 
(M.S. 2002),  Rita Peachey (Ph.D. expected Fall 2002), Jody Bruton (Ph. D. expected, Fall 2002), 
Haykubun Harada (Ph.D. In progress), Daniel Husband (Ph.D. In progress). 
 
Undergraduate Students Advised for Research ñ last 3 years: 
 
Michael Osland (REU, Willamette University), Melissa Aikens (REU, Bowdin College), Anne Marie 
LeBlanc (REU, U. of Alabama), William Ward (U. of Alabama), David Parker (REU, U. Florida).   
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E. BIOGRAPHICAL SKETCH (D. J. Kieber) 
 
Chemistry Department 
College of Environmental Science and Forestry  
State University of New York 



 
 
Summary of Field Experience: 
 
R/V Cape Henlopen, Calanus, Cape Florida, Columbus Iselin, Endeavor, LM Gould, Knorr, NB Palmer, 



 Budget Justification - Collaborative Research: Impact of solar radiation on the biogeochemical cycling 
of DMSP and DMS in the Ross Sea, Antarctica 
 
 
Ronald P. Kiene, PI,  Department of Marine Sciences, Universitybiogeochem 
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h 50% release during the academic year for research activities. He requests 1  
month of summer salary in the first year of the project and 2 months in Y’s 2 & 3.  The PI will supervise 
the full time post-doc and the full time graduate student throughout the calendar year.  This project 
represents 16.7% of the PI’s research effort (2 mo./y).   

Salary support for a full time post-doctoral associate is requested for each of the first two years of 
the project.  During the time before the first cruise the post-doc will be carry out preliminary experiments 
and refine methods for use during the Antarctic cruises, and between cruises they will be involved in data 
processing and interpretation.  We are very fortunate to have in place an outstanding post-doc, Dr. Doris 
Slezak, who joined my group in February 2002 (see her C.V. in Supplementary Documents).  Dr. Slezak 
has extensive experience with the DMSP/DMS cycle and in particular she was among the first to study 
the influence of UVR on this cycle.  She has already participated on a research cruise with my group and 
become proficient with the use of the 35S-DMSP/DMS tracers. Her current funding is cobbled together 
from several sources and lasts only through June 03.   

Three years of stipend support ($17,000 in Y1, $17,680 in Y2 and $18, 387 in Y3) is requested 
for a full time Ph.D. student who will work directly on this project as part of their dissertation research. .  

Support is also requested ($3360 in Y1) to support  undergraduate students to work on this project 
either during the summer, or if possible, on the Antarctic cruises.  Fringe benefits are set at 25% of 
salaries, and apply only to the PI salaries; students and post-docs salaries are not subject to fringe-benefits 
at Univ,. South Alabama.  Salaries are incremented 4% per year in years 2 & 3. 

 
Equipment –  No equipment is requested as part of the regular NSF budget.   



  

Other Direct Costs – Shipping costs  $2,000, and $2,080 in years 1, & 2 are requested for costs 
associated with shipping research equipment to and from the US west coast (Los Angeles) where the 
equipment will move into the Antarctic Support network. 





Current and Pending Support
(See GPG Section II.D.8 for guidance on information to include on this form.)

The following information should be provided for each investigator and other senior personnel.  Failure to provide this informa



Current and Pending Support
(See GPG Section II.D.8 for guidance on information to include on this form.)

The following information should be provided for each investigator and other senior personnel.  Failure to provide this information may delay consideration of this proposal.

Investigator:
Other agencies (including NSF) to which this proposal has been/will be submitted.

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Summ:

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.
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FACILITIES, EQUIPMENT & OTHER RESOURCES 
FACILITIES:  



H.  FACILITIES, EQUIPMENT AND OTHER RESOURCES  (D. J. Kieber) 
 





BIOGRAPHICAL SKETCH (Doris Slezak) 
 
Post-Doctoral Associate 
Department of Marine Sciences  
University of South Alabama    e-mail: dslezak@disl.org 



Five relevant publications: 
 
Slezak D., & G.J. Herndl (subm.): Impact ultraviolet and visible radiation on the cell content and 

concentration of dimethylsulfoniopropionate in Emiliania huxleyi (strain L). Mar. Ecol. Prog. 
Ser. 

Slezak D., A. Brugger & G.J. Herndl (2001): Impact of solar radiation on the biological removal of 
dimethylsulfoniopropionate and dimethylsulfide in marine surface waters. Aquat. Microb. Ecol. 
25:87-97 

Griebler C., & D. Slezak (2001): Microbial activity in aquatic environments measured by dimethyl 
sulfoxide reduction and intercomparison with commonly used methods. Appl. Environ. 
Microbiol. 67:100-109 

Brugger A., D. Slezak. I. Obernosterer & G.J. Herndl (1998): Photolysis of dimethylsulfide in the 
Northern Adriatic Sea: dependence on substrate concentration, irradiance and DOC 
concentration. Mar. Chem. 59: 321-331. 

Slezak D., S. Puskaric & G.J. Herndl (1994): Potential role of acrylic acid in bacterioplankton 
communities in the sea. Mar. Ecol. Prog. Ser. 105: 191-197 

 
Five other publications: 
 
Griebler, C. B. Mindl, D. Slezak and M. Geiger-Kaiser (in press 4/02): Distribution patterns of attached 

and unattached bacteria in pristine and contaminated shallow aquifers studied with an in situ 
sediment exposure microcosm (ISSEM). Aquat. Microb. Ecol. 

Griebler C., & D. Slezak (2000): Microbial DMSO reduction is widespread among microorganisms and 
is therefore proposed as a reliable activity parameter. Verh. Internat. Verein. Limnol. 27:2492-
2497 

Riegman R., W. Stolte, A.A.M. Noordeloos & D. Slezak (2000): Nutrient uptake and alkaline 
phosphatase (EC 3:1:3:1) activity of Emiliania huxleyi (Strain L) during growth under N and P-
limitation in continuous cultures. J. Phycol. 36:87-96 

Unanue M., B. Ayo, M. Agis, D. Slezak, G.J. Herndl & J. Iriberri (1999): Ectoenzymatic activity and 
uptake of monomers in marine bacterioplankton described by a biphasic kinetic model. Microb. 
Ecol. 37: 36-48 

Herndl G.J., A. Brugger, S. Hager, E. Kaiser, I. Obernosterer, B. Reitner & D. Slezak (1997): Role of 
ultraviolet-B radiation on bacterioplankton and the availability of dissolved organic matter. Plant 
Ecology 128: 42-51 

 
Research Collaborators ñ last 4years:     
 
Christian Griebler (Germany), Dan Danielopol (Austria), Roel, Riegman (Netherlands) 
 
Graduate Students Co-Advised:  
  
Albert Brugger (M.S. 1996)  
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