ANNEX IV



Summaries of presentations



Task I.1., I.2., I.3. Coupled OGCM-BGCM studies with data 

assimilation, process modelling and near-real time 

nowcast/forecast modelling (physical component)



Key scientist: Gennady Korotaev



1. Nowcast/Hindcast of the Black Sea circulation based on data 

    assimilation. 



Year 1:

-reconstruction of surface fluxes, river runoff and water exchange through the Bosphorus Strait;

-pre-processing of satellite altimetry and available hydrography;

-improvement of the data assimilation algorithm.



Year 2:

-numerical simulations, current nowcast and formation of the four-dimensional data set for the calibration of OGCM.



Process-oriented studies.



Years 1-2:

- dynamics of buoyant plumes and their interaction with shelf waters;

- cross-shelf exchange processes between outer shelf and the interior of 

   the sea;

- instability characteristics of the Rim current jet;

- cold intermediate water mass formation and their spreading over the 

   basin;

- ventilation processes for the suboxic and anoxic layers;

- coastal upwellings;



3. Implementation of OGCM for the forecast of the Black Sea circulation.



Years 3-4:

-calibration of the OGCM using the calibration data set

-improvement of a model initialization procedure;

-near-real time prediction of the Black Sea circulation.



REQUIREMENTS:



1. Field observations:

-repeated XBT sections;

-basin-wide survey with deep hydrography;

-process-studies.



2. Forcing:

-gridded 3-D surface fluxes;

-gridded satellite altimetry;

-coastal fluxes;

-basin geometry.



3.Equipment:

-two PC and periphery: the beginning of 1999 and the end of 2000.



GROUP: -specialists of IMS, SIO and MHI





TASK II.1.A. A study of the Oxic/Anoxic interface and the 

                      formation of anoxia.

TASK II.1.D. The role of Mn and Fe in the in the redox 

                      processes.



Key scientist: Özden Bastürk with contribution of Nugzar Buachidze





Definition and existing knowledge for the problem



Detectably thick transition zone of the Black Sea, so-called suboxic zone (SOZ) where DO <5-10 (M and H2S <1(M (Murray et al. 1989), between the upper oxic and deep anoxic layers, is distinctly different from other anoxic basins, such as Framvaren Fjord (Emerson, 1979), and Tyro and Bannock Basins of the Mediterranean (Bregant et al. 1990) where there is a sharp boundary between oxic and anoxic waters.

Co-existence of DO and H2S in the SOZ is proved to be unrealistic when one considers the rapid dynamics of the reaction between them (Millero et al 1987; Gökmen 1996). Similarities between the rates of oxidation of H2S in filtered and unfiltered samples, and between rates under oxic (150-200 (M DO)(Millero et al. 1991) and suboxic oxygen levels (DO<50 (M)(Gökmen and Bastürk, 1997) imply that the oxidation of H2S is abiotic in nature and O2 is not a direct oxidant for H2S. 



Faster removal rates (t1/2 =1.2-1.3 hr) are measured within the SOZ of the rim current frontal zone compared to those in cyclonic gyre (t1/2=2.5-3.4hr)(Gökmen and Bastürk,1997) 

Tebo (1991) measured nearly two orders of magnitude higher Mn(II) residence time in the SOZ of the central parts of the basin (30-90 days) compared to that at the near-shore waters ( 0.6-1.0 day ). 



Even under intense turbulent mixing and thus erosive conditions DO and H2S were shown that they do not overlap with each other (Basturk et al 1998).  In other words, the C-layer does not exist even under intense mixing conditions.  Both properties follow each other in a sequential order, but never overlapping with each other, ie., when there is a DO peak, H2S concentration decreases below the detection limit or vice versa.

There are three main alternative processes suggested to be responsible for the removal of sulphide and other reduced species within the SOZ,



1). Anaerobic oxidation of sulfide associated with the phototrophic reduction of CO2 to organic carbon as suggested by Jannash (1991) and Jorgensen et al. (1991a), as also supported by the findings of Repeta et al. (1989) who measured considerable quantities of bacteriochlorophyll pigments below the suboxic zone 



2). Sulfide is oxidized by the settling particulate MnO2(s) (Millero, 1991; Luther et al. 1991), and possibly by iron oxyhydroxides [FeOOH(s)] formed by bacteria in shallower oxic waters (Millero, 1991). 

Manganese cycle may be the key process for maintaining the broad suboxic zone;  oxidized Mn may oxidize reduced sulfur while reduced Mn(II) may consume dissolved oxygen, as was suggested by Tebo (1991).  However, vertical electron equivalent gradients of Mn(II) and Fe(II) were shown to be much less than that of the sulfide gradient (Murray et al. 1995).  

3).  Horizontal as well as vertical ventilation processes may supply sufficient DO.  However, it was shown by Lewis and Landing (1991) that horizontal mixing of oxygen could provide the necessary oxygen to account for Mn oxidation, but probably not that of sulfide and other reduced species. 



Comparison of the vertical O2 and H2S gradients in the SOZ of the Black Sea, and the insufficiency of the O2-electron gradient to compensate the electron concentration required for the oxidation of H2S diffusing upward have led Murray et al. (1995) to suggest three alternative processes. 

Since NO3, NH4, Mn(II) and Fe(II) all decrease to low concentrations at about the same density levels ((( =15.95, 15.95, 15.85 and 16.00, respectively), and the equivalence of upward and downward electron gradients have led Murray et al. (1995) to hypothesise that NO3 is the main account for the oxidation of reduced species diffusing upward from the anoxic layer, as given below:. 



3NO3-   +  5NH4 +                (   4N2  +  9H2O  +  2H+                  (1)

2NO3-  +  5Mn2+  +  4H2O  (   N2  +  5MnO2(s)  +  8H+             (2)

2NO3-  +  10Fe2+ +  24H2O (   N2  +  10 Fe(OH)3(s)  +  18H+    (3)



This model suggested by Murray et al. (1995) is not a closed redox cycle since it needs constant input of NO3 into the redox layer to oxidise all the reduced species diffusing into the SOZ. 

One important output of these reactions is that, under steady-state conditions, no new nitrogen would reach the euphotic zone from deeper layer and hence, the sinking flux of particulate organic nitrogen must be sustained by the riverine and atmospheric inputs.  

However, the constant loss of oxidised nitrogen species through denitrification will lead, in long-term, the erosion and depletion of nitracline and thus the upward rising of sulfidic layer boundary, unless there is constant inputs from surrounding water masses through isopycnal mixing.   

Luther et al (1997) have suggested two thermodynamically favourable reactions between manganese and nitrogen species:



( the first one is the reduction of NO3- to N2 through the oxidation of Mn(II) to MnO2(s) (Rxn. 4), 



5 Mn2+ + 2 NO3-    + 4 H2O  (   5 MnO2  + N2 + 8 H+      (4)



( the second one is the oxidation of Mn(II) in the presence of O2 to MnO2(s) (Rxn. 5) which oxidises NH4+ and organic nitrogen to N2 (Rxn 6). 



2 Mn2+ + 4 OH-     + O2     (   2 MnO2  +  2 H2O          (5)

2 NH3 + 2 MnO2 + 6 H+  (   3 Mn2+   + N2 + 6 H2O      (6)



Mass-balance calculations show that the oxidation of NH4 and organic-nitrogen by MnO2 may be the dominant process producing N2 in Mn-rich continental margin sediments.  Above pH 6.8, the reaction between Fe(III) species and NH4+ to form N2 was shown to be thermodynamically unfavourable (Luther et al. 1997).

On the other hand, Rozanov (1997) suggested free oxygen as the main and direct oxidant for all reduced species diffusing from the anoxic layer into the SOZ. 

However, the coincidence of NO2- maximum ((t = 15.85) with the zones of denitrification and of particulate Mn maximum ((t = 15.85) just above the SOZ and suboxic DO levels suggests that particulate manganese bridges redox cycles in the upper layer of the SOZ with those in the lower layer by carrying the oxidation potential of nitrate and oxygen to the lower sections of SOZ where ammonia is oxidised to N2 and/or to NO2,  NO3 is reduced to NO2 and/or N2 while itself is oxidised. 

Coupling of Mn and Fe reduction has been suggested by Howarth (1984) and Jorgensen (1989).   Complete oxidation of reduced sulfide to SO42- had only been demonstrated with O2 and NO3- as oxidants.  Recent studies, however, have indicated that anaerobic oxidation of sulfur may proceed in the absence of O2 and NO3-.in the undisturbed marine sediments (Fossing and Jorgensen, 1990: Jorgensen and Bak, 1991b). 

Postma (1985) has shown that Fe(II) in the form of pyrite reduces MnO2 rapidly to form iron oxy(hydroxides) (Rxn. 7), 



                        MnO2    + 2 Fe2+ + 2H2O  (  Mn2+ + 2 FeOOH + 2 H+.  (7)



which in turn can oxidize H2S to So and S2O3= (Rxn 8) (Burdige and Nealson 1986; Lovely and Phillips, 1988).  



                         2FeOOH + H2S  (  2 Fe2+ + So + 4 OH-                        (8)



Field studies and surveys have suggested that NH4 is oxidized basically by the particulate Mn02, probably to N2 or NO2.  Observed decrease in the Mn(II) concentration within the oxygenated water layers (see Fig. 1) is proposed to be due to the oxidation of Mn(II) back to Mn02(s) by oxygen which, in turn, oxidizes NH4+ to N2 or NO2, and indirectly the H2S by coupling with Fe(II)-Fe(III) redox cycle. 



The possible reaction schemes are suggested as follows; 



5Mn(II)  + 2NO3-  + 4H2O  (  5MnO2 (s) + N2 + 8 H+  	(9a) and/or

4Mn(II) + 2O2 + 4H2O (  4MnO2 (s)  + 8 H+  		(9b)



3Mn02(s) + NH4+ + 4H+  (  3Mn2+ + N02- + 4H20		(10a) and/or

3Mn02 (s) + 2NH4+ + 4H+  ( 3Mn2+ + N2 + 6H20		(10b)



MnO2 + 2Fe2+ + 2H2O      (  Mn2+ + 2FeOOH + 2H+. 	(11)

2FeOOH + H2S                     (  2Fe2+ + So + 4OH-	(12)



In the given order,  thus manganese act as a catalyst or carrier for the electrons supplied by NH4+ and H2S diffusing from the anoxic layer to O2 and NO3- .



Responsibilities 



To investigate and design field and lab experiments for studying the interactions between the physical, biological and chemical processes of the oxic, suboxic and anoxic layers, including its ventilation, and to study the redox processes involving nitrogen, sulfur, iron, and manganese cycling, in regard to pathways and regulation of rates, the dynamics of these redox cycles across the suboxic/anoxic interface.  

This work will be carried out in several programmes, devoted to the certain groups of processes responsible from the Black Sea chemical structure.



TASK II.1.A.  A study of the Oxic/Anoxic interface and the formation 

                      of anoxia.

The main objective of this study is to understand the formation and functioning of the oxic/anoxic interface via field observations and lab experiments with an ultimate aim to construct a numerical evaluation of the processes. The work will be focused on the suboxic layer, which has a thickness of circa 30 m between the H2S depletion point and the oxycline. 











The following topics have to be studied:



( High resolution vertical distributions of H2S and other reduced S 

forms, NH4, dissolved Mn(II), Fe(II), CH4, total and carbonate alkalinities, 

pH, PO4, SiO3 and transparency,.

( The vertical distributions of the isotopic forms of sulphates and 

hydrogen sulfide to have a background estimates of sulfide oxidation 

and sulfate reduction,

( Inorganic particulate matter composition,

( Particulate matter sedimentation rates,

( Nepheloid Redox Layer ecosystem, anaerobic photosynthesis.



TASK II.1.D.  Roles of Mn and Fe cycles in the SOZ redox processes.

The postulated redox reactions responsible for the formation of the suboxic zone are;

5Mn(II)  + 2NO3-  + 4H2O  (  5MnO2 (s) + N2 + 8 H+   (1a) and/or



4Mn(II) + 2O2 + 4H2O (  4MnO2 (s)  + 8 H+                 (1b)



3Mn02(s) + NH4+ + 4H+  (  3Mn2+ + N02- + 4H20          (2a) and/or



3Mn02 (s) + 2NH4+ + 4H+  ( 3Mn2+ + N2 + 6H20           (2b)



MnO2 + 2Fe2+ + 2H2O      (  Mn2+ + 2FeOOH + 2H+.   (3)



2FeOOH + H2S                     (  2Fe2+ + So + 4OH-         (4)



It is critically and vitally important to test some of these reactions for determination of the kinetic rate constants of these biochemical redox processes, and their coupling with each other.  Therefore, it is needed to design detailed in situ experiments within different regions (interior of cyclonic gyre and coastal shelf zones) of the Black Sea. 



The following experiments are envisaged for this purpose:



Coupling and interactions between the lower oxic and the upper anoxic layers through suboxic zone,

Insitu test of reactions 1-4 at stations within the interiors of the western cyclonic gyre and anticyclonic eddy, and within deep FPL of the coastal shelf zone,

Determination of the removal rates of H2S under oxic and suboxic O2 tensions,

Removal rate of NH4 by O2, by insitu formed MnO2(s) and freshly precipitated MnO2(s) in the filtered and unfiltered water samples,

Possible effects of NO3 and NO2 on the removal of H2S and NH4.



Equipments and men-power reqired for these tasks



Man-Power: A minimum of 6-7 scientists are required for performing the proposed tasks.  Collaborations with the following scientists are planned.



Dr. Ozden Basturk         IMS-METU

Dr. Igor Volkov               P.P. Shirshov-RAS

Dr. Nugzar Buachidze    Inst. of Georgia

A chemist from Inst. of Georgia 

E. Yakushev                    P.P. Shirshov-RAS

O. Yigiterhan                   IMS-METU

A. Romanov                     MHI-NASU



(  for designing and experimenting oxidation rates of H2S within different layers of SOZ of the dynamically different regions (cyclonic, anticyclonic, rim current etc) of the basin.

(  for the measurements of suboxic levels of DO, NH4+ , Fe(II) and Mn(II)

(  for sampling and filtration of water samples for particulates under anoxic conditions, analysis for size fractionation and for analyses by XRF, SEM and AAS.

Collaboration with microbiologists for studying the roles of bacteria on anaerobic photosynthesis and sulfide oxidation rates in SOZ.



Equipments Required :



a- Polarographic system is vitally important for studying metal speciations, especially Fe and Mn, sulfur speciation within the SOZ, and reaction kinetics

b- A good quality, research grade pH meter and electrode for measuring the pH and alkalinity of water samples 

c- Filtration systems, vacuum pumps, filters and tubings for particulate and dissolve metal studies.

d- A field type UV/VIS spectrophotometer with 1 and 5 cm cell facility for the measurements of N02-, H2S, Mn(II) and Fe(II) in samples.  It is also preferable to have a continuous flow type cell facility for kinetic studies

e- A Redox Potential Sensor equipped with a mV meter for measuring in situ Redox Potentials, or as connected to CTD probes.

f- All necessary glassware, automatic burettes and pipettes, gas-tight glass syringes for sampling very low or zero-oxygen waters, and measuring oxygen by spectrometric technique.











Time Schedule for realization of the Tasks II.1.A and II.1.D



These studies should be repeated for two different seasons , late winter-early spring and late summer periods.   Within each period,  above mentioned experiments should be performed within three dynamically different regions of the Black Sea (cyclonic, anticyclonic and rim current frontal zones).  Some of the experiments can be performed under lab conditions by either using real sea water samples or by simulating the redox conditions of Black Sea.





Task(s)�Expected period of   

        realisation��Purchase of Equipment and Consumables�       1999-2000��A Task Team Meeting in 1999 to discuss and plan the experimental

steps and actions to taken between the participating groups �       1999-2001��Laboratory and Fields Experiments�       1999-2001��Two scientific meetings to discuss the progress and results of experiments�       2000-2002��
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Task II.1.B.   The roles of chemical element fluxes in the Global 

                      Biogeochemical Cycles.

Task II.1.C1. Euphotic layer chemical structure in conjunction 

                      to the biological and physical processes in the 

                      deep waters of the Black Sea.



Key scientist: Sergey Konovalov



	1. In order to provide the highest achievable level of quality of the basic chemical analyses of the Black sea oxic, suboxic and anoxic waters intercalibration and intercomarision of the results of joint cruises and analytical technics is absolutely nessaccery. This intercalibration and intercomparision can be organized in various forms: joint work of ships of the participating organisations on sea, cross-participation of scientists in expeditions, joint work in one of the institutes, exchange of references for analysis, distribution of samples for parrallel analyses, etc.

	2. In order to investigate and/or develop the existing hypothesis on the processes responsible for evolution of the basic structure of the anoxic zone of the Black Sea high quality data on distribution of sulfide, ammonia, silicate and phosphate have to be obtained from joint cruises. These data will allow to verify the presence of long-term variations in the inventiory of sulfide, as well as nutrients in the anoxic zone of the Black Sea. These data are also needed to analyse sulfide to nutrients ratio that provides the ability to draw colclusions on processes responsible for production, oxidation, budget and balance of sulfide in the Black Sea. Another task that is supported by the results of this work is related to calculation of vertical fluxes of nutrients from the anoxic zone and to analysis of these fluxes in the global biogeochemical cycles.

	3. Processes of denitrification in the sub-oxic zone should be carried out in order to verify the existing hypothesis of “zero”-flux of nitrogen. This part of work cannot be carried out by any of participating institution due to lack of the needed equipment and experience in nitrogen isotopes and nitrogen gas measurements. Some external institutions, like the University of Washington, USA, is planned to be invited for collaboration to solve this proposed task.

	4. High quality and high resolution data on silicate distribution in the oxic layer of the sea are needed to analyse and to calculate vertical flux of silicate, to investigate the role of flux of this nutrient in the level of primary production and composition of phytoplankton community. Another task that is closely associated with this one is addressed to analysis of nutrient to nutrient ration, spatial and temporal variations in this values.





Task II.1.C.2 Euphotic layer chemical structure in conjunction 

                      to the biological and physical processes in the 

                      north-western part of the Black Sea.



Key Scientist: Adriana Cociasu



	Almost one third of the entire land area of continental Europe drains into the black Sea. Euphotic layer, which represent 10-15% of the total volume of the Black Sea receives large river input occupying a catchment area of nearly five times larger than its total surface area, containing considerable amounts of inorganic nutrients. Majority of the riverine, freshwater discharges are located on the northern and north-western shelf area, the most fertile area, which comprises 35% of the total surface area of the basin.

	As you know, the Black Sea environment has been severely  damaged by eutrophication since the 1970s. It is a phenomenon caused by the over-fertilisation of the sea by plant nutrients as a result of human activity. The increase of the human impact on the environment led to a excessive stimulation of phytoplankton growth and frequent algal blooms, to severe oxygen depletion and so-called “hypoxic zones” , decrease of the benthic biomass and reduced biodiversity. The main cause for the ecological changes is the increase of nutrient concentration and organic matter load in the tributary rivers.

	The most affected part of the basin is the north-western corner, where the Romanian shelf is located. It receives water dicharges from Dnieper, Dniester and principally the Danube, with a total mean annual discharge of  265 Km3.  The Danube river alone, with its 200 Km3/y water discharge, represent 3/4 of the northwestern river runoff and 2/3 of the total riverine input (370 Km3/y) into the Black Sea.

	RMRI has a significant data base with a large amount of physical, chemical and biological historical data collected over the Western shelf, most of it being included in the NATO Data Base. 



	- The data on nutrient and oxygen concentration include:

	- Danube waters at reference station Sulina (daily since 1980);

	- Danube mouths area (twice a year since 1977).

	- shore waters at reference coastal station Constanta (daily since 1959);

	- East Constanta section till 50m depth (monthly cruises from 1963 to 

  1980 and seasonally since 1981);

	- shelf waters (seasonal cruises since 1970);	

	- For most of data sets,  the corresponding  temperature, salinity and  

             plankton data have been also collected.



Several scientific papers, published both in Romanian and foreign journals, analyze the medium term changes in the overall nutrient concentration, seasonal variations of the space distribution, modifications that occurred in the nutrient ratios. Also, the oxygen variations in the shelf waters have been analyzed, including cases of shallow water hypoxia. Only a few data on the hydrogen sulphide concentration at the shelf edge have been collected during the last decades.

	As a specific task for a future possibility to control the eutrophication level in the North western area of the basin, detailed field studies are required in order to gather pertinent detailed information on:



	- Danube and other rivers contribution to the nutrient budget of the area ( seasonal and inter-annual variations in both the chemical concentrations  and the loads of the rivers discharge)

	- nutrient spatio-temporal distribution over the shelf region, quantitative and qualitative changes with respect to historical data;

	- local changes in the nutrient ratios (N/P, Si/N, Si/P and NH4/NO3), responsible for shifts in phytoplankton species

	- identification of the limiting nutrient for different planktonic species  

	- physical and chemical processes within the cold shelf water and their role in the nutrient transport, during the winter mixing.

	- particulate and dissolved organic carbon evolution, chlorophyll a and phytoplankton dominant groups 

	- distribution of the dissolved oxygen in the summer, in order to emphasize the hypoxic area



	All these aspects can be covered by the existing team, using of our research vessel. Process-oriented studies involves a close cooperation with the Ukrainian institutes in planning the field and laboratory experiments. Special help is needed for cruises in the outer shelf area and for current measurements.

	It is necessary to improve the chemistry laboratory capabilities by providing a TC catalyst set and a high sensitivity TC catalyst set for the Shimadzu TOC analyzer; a  software package for the Bran-Luebbe autoanalizer is also needed.

	Time for realisation of task: 4 years.







TASK II.2. Understanding the roles of new and regenerated 

                  production in the ecosystem dynamics, sources of 

                  new nutrients and their transport mechanisms for  

                  the new production, capacity of new production,

                  f-ratio and contribution to total production



			Key scientist:  Aysen Yilmaz



	The proposed research in the Black Sea is a joint programme between Harvard University-Biology Group/USA and Middle East Technical University-Institute of Marine Sciences/ TURKEY. The main task is to characterise  nitrogen dynamics work over an annual cycle in order to understand what factors are responsible for seasonal and regional patterns in the nitrogen cycle that have bearing on the overall functioning of the Black Sea ecosystem. This joint programme entitled as “New Production and Nitrogen Cycling in the Black Sea” supported by NSF/USA has started on 1 January 1998 and its duration is two years. Director of the Project is  Prof. James J. McCarthy (Harvard/USA) and Co-director is Prof. Ilkay Salihoglu (METU-IMS). This programme is in conjunction with the 5-years National programme entitled as “Dynamics of the Lower Trophic Levels of the Black Sea: Biochemical Processes and System Modelling” of the METU-IMS which is supported by TUBITAK /TURKEY and it has started in January 1997. This research program in the Black Sea is scientifically relevant and parallel to the NATO Project entitled as “The Black Sea Ecosystem Processes, Prediction and Operational Data Managements”.

	The research pertinent to the collaborative activities between Harvard University/USA and METU-Institute of Marine Sciences has been started on 1 January 1998 and two field studies have been performed by R/V Bilim (METU-IMS) in spring (March-April) 1998 and in autumn (September 1998).



	Research Objectives



To establish a baseline of understanding of the seasonal cycle of planktonic nitrogen productivity and to characterise  nitrogen dynamics over an annual cycle in the Black Sea are the main tasks of “New Production and Nitrogen Cycling in the Black Sea” joint programme. The objectives and the proposed work of the programme:

Examine the relative importance of new and regenerated production and nitrogeneous nutrient sufficiency in the context of plankton species composition over an annual cycle,

Determine nitrate and ammonium uptake kinetics and interactions for the constituent populations in different size fractions,

Expand the seasonal and spatial coverage of nitrification and denitrification rates in the oxic/sub-oxic layer of the Black Sea,

Determine the degree to which nitrogen fixation is a factor in new production in the Black Sea



	Future Plan

	1999:

	During the first two cruises most of the above goals have been achieved and the preliminary results have been already evaluated. The third cruise (approximately 3 weeks) has been planned for September 1999 and similar work will be done.

*The apparatus, instruments and consumable are available for this field work. The only missing thing is the PAR-meter since the old one is almost out of order (Approximately 5.000.-$) and it should renewed.



2000: 

The analysis of all samples will be completed, results will be entered to computer, they will be evaluated and interpreted.



2001: 

A scientific report will be written to NSF and the results also will be discussed in the framework of NATO SfP programme. Scientific papers will be written and will be submitted to the international journals.



Man Power:

Prof. Jim McCarthy (Harvard University/USA)

Prof. Aysen Yilmaz (METU-IMS/TURKEY)

Prof. Ilkay Salihoglu (METU-IMS/TURKEY)

John Nevins (Harvard University/USA)

Yesim Coban Yildiz (METU-IMS/TURKEY)







Task II.3.A.1 Processes determining the spatial structure at 

                      pelagic communities in the coastal and open 

                      areas.



Key scientist: Academician M. E. Vinogradov



Spatial distribution of planktonic communities in the Black Sea are determined by several characteristics related to hydrophysical and hydrochemical processes and orography of the basin as well as to the processes of interaction between populations of dominant species.

Previous studies have shown that the plankton distriburion layer-by-layer which is very conspicuous in the Black sea pelagic communities is determined by several basic processes it this ecosystem. In the Black sea, along the plankton concentration in the layer of the season thermocline, which is characteristic both for the near-shore and off-shore communities, plankton aggregations are observed also in the upper part of the interface between aerobic and anaerobic waters. These aggregations are created by Calanus euxinus, Pseudocalanus elongatus, Sagitta setosa, Pleurobrachia pileus , and sometimes by Noctiluca miliaris. This “interface” aggregation has complex vertical structure. In the daytime, the main bulk of migrating zooplankton is aggregated within the interface zone.

This layer is revealed to be related to the density structure of the main pycnocline; undoubtedly, biochemica processes within the interface zone also form the layer of the plankton aggregation. The influence of these processes remains unknown.

The laminar pattern of the plankton distribution should be taken into consideration when the Blach Sea ecosystem is modelled. Otherwise, functional models may not be adequate.

Among the features of the marine ecosystem variability which are necessary for understanding of their function and for consideration in dynamic models we must consider:



Seasonal changes in vertical distribution which are related to the formation processes of seasonal pycnocline, seasonal fluctuations in abundances and features of distribution of smaller opportunistic animals (Oithona, Pseudocalanus, Oikopleura, Cladocera, Acartia, larvae), and seasonal migrations and reproductive cycles of larger mesoplanktonic species (Calanus, Sagitta, Pleurobrachia).

Existence of the layer of plankton aggregation below the oxycline in the interface zone, variability of its vertical position, (associated with hydrophysical processes), its vertical structure determined by hydrophysical pattrers of the main pycnocline, by biogeochemical processes in the interface zone, and by seasonal population variability.

Processes influencing life cycles of those dominant species whose reproductive areas are associated with the shelf, both obligatorily (medusa Aurelia aurita, ctenophore Mnemiopsis leidyi) or not obligatorily (copepod Calanus euxinus). It is reasonable to consider those hydrophysical processes (seasonal changes in the Rim Current and near-shore currents) which determine the flux of larvae of mentioned species from the shelf and their distribution throughout the sea.

First of all we must study the processes related to the oxygen distribution and its influence upon various species and ecological groups of dominant species (especially Calanus euxinus).



Finally, we plan to obtain basic data which are necessary for understanding of processes providing function of the off-shore (and, partly, near-shore) areas.

In the basis of this work, we will put the detailed analysis of already collected data on composition and distribution of the plankton in various areas and at different depths during various seasons. Supplementary collection of material within the interface zone as well as studies during the winter-spring period in the Northwest part of the sea (Romania, Northwest shelf) are also necessary.

The work will be done in cooperation with TASKs  I.1; I.2. II.1.A; II.3.A.2.; II.3.B.

Following Russian scientists will be involved into this work:



M. E. Vinogradov

E. I. Musaeva

A. L. Vereshchaka

Following Turkish scientists will be involved into this work:

1. ?    

2. ?

















Task II. 3. A. 2. Functioning properties of ecosystems and their 

                          spatial and temporal variability.



Key scientist: Elvira Shushkina



Assessment of the present state of knowledge.

Due to the recent increase of anthropogenic stress upon the Black Sea ecosystem, its current monitoring becomes necessary. This problem may be solved by means of spatial and temporal variability of both structural (concentration of basic elements of planktonic communities) and functional parameters. The latter are metabolism rates, production values, rate of feeding, detritogenous processes. These functional characteristics may be estimated for all basic elements of planktonic communities of the Black Sea: phytoplankton, bacteria, protozoans, small euryphags < 1mm long, euryphags 1-3 mm long including Calanus, Pseudocalanus, Acartia. Mentioned functional parameters are to be estimated separately for such abundant groups of zooplankton as Oithona, Noctiluca, Sagitta, Pleurobrachia, Aurelia, Mnemiopsis. Evaluations of functional parameters of basic planktonic elements may be done on the basis of such values as biomass of these elements, average size and weight of organisms composing each element, respiration rate of zooplankton and some other coefficients mentioned in the papers by M. E. Vinogradov, E. A. Shushkina, et al. (1998) and E. A. Shushkina and M. E. Vinogradov (1998). Some results of structural-functional analysis of the planktonic communities of the central part of the sea (bounded by the isobath 2000 m) are presented in these papers. Calculations are made with use of algorithms described in the paper by M. E. Vinogradov, Shushkina et al. (1998). Similar structural-functional analysis should be done also for other Black Sea areas, Rim Current and shelf of North and West part of the sea bounded by the isobath 200 m. Successful modelling of the whole sea ecosystem is necessary for understanding of all processes of the Black Sea ecosystem and, consequently, for all prognostic estimations of the sea state. Mentioned structural and functional parameters, coefficients which are necessary for calculations, are evaluated in the papers by E. A. Shushkina, M. E. Vinogradov et al. (1998), M. E. Vinogradov, E. A. Shushkina, et al. (1998), M. E. Vinogradov and E. A. Shushkina (1987), M. E. Vinogradov, V. V. Sapozhnikov, E. A. Shushkina (1992).

	Obtained results on the structural-functional analysis of planktonic communities in all tree studied areas of the Black Sea are planned to be used during modelling of the Black Sea ecosystem in joint work with T. Oguz and other Turkish scientists.



References

M. E. Vinogradov and E. A. Shushkina, 1987. Functioning of planktonic communities of the epipelagial of the ocean. Nauka, Moscow, 240 p. (in Russian).

M. E. Vinogradov, V. V. Sapozhnikov, E. A. Shushkina, 1992. The Black Sea ecosystem. Nauka, Moscow, 112 p. (in Russian).

M. E. Vinogradov, E. A. Shushkina, L. P. Lebedeva, N. P. Nezlin, 1998. Structural and functional analysis of planktonic communities of the Black Sea. Y.I. Ivanov and T. Oguz (eds.) Ecosystem modelling as a management tool for the Black Sea, V. 2, p 237-255. 1998 Kluwer Academic Publishers.

E. A. Shushkina, M. E. Vinogradov, L. P. Lebedeva, T. Oguz, N. P. Nezlin, V. Yu. D’akonov, L L. Anokhina, 1998. Studies of structural parameters of planktonic communities of the open part of the Black Sea relevant to ecosystem modelling. Y.I. Ivanov and T. Oguz (eds.) Ecosystem modelling as a management tool for the Black Sea, V. 2, p 311-325. 1998 Kluwer Academic Publishers.



Man power:

1. Elvira A. Shushkina - SIO RAS/Russia

2. Ludmila P. Lebedeva - SIO RAS/Russia

3. Vladimir Yu. D’akonov - SIO RAS/Russia

4. Temel Oguz	-  METU IMS/Turkey



Types of process studied and equipment required



A - studies of structural parameters of planktonic communities

   - Functional analysis of zooplankton

B - Notebook Computer with CD Rom and Laser Printer, price 2000 

      USD



A time schedule for realisation of the tasks



1999 - Investigation of structural parameters of planktonic communities: biomass of phytoplankton, bacteria, protozoans, zooplankton in the gyre and shelf areas. Use of the satellite data for description of the seasonal variability of the Black Sea ecosystem. Collection and examination of material of mesoplankton, medusae, and ctenophores in expeditions. Discussions and mutual work with Turkish scientists.

2000 - Estimation and analysis of coefficients which are necessary for structural-functional analysis of planktonic communities. Description of trophic links between basic elements of planktonic communities. Collection and examination of material of mesoplankton, medusae, and ctenophores in expeditions. Discussions and mutual work with Turkish scientists.

2001 - Creation of files for calculations of structural-functional parameters. Calculations. Estimation of importance of used coefficients for obtaining of results. Collection and examination of material of mesoplankton, medusae, and ctenophores in expeditions. Discussions and mutual work with Turkish scientists.

2002 - Analysis of obtained results. Description of spatial and temporal variability of functional parameters. Analysis of obtained field data on meso- and macroplankton. Discussions and mutual work with Turkish scientists.











Task II.3.B.1.  Studies of the dynamics of main phytoplankton    

                        populations, growth rates and mortality rates in 

                        relation to the environmental conditions and the 

                        other trophic groups of plankton communities.



Key scientist: Alexander Mikaelyan 



Scientific Background



A few phytoplankton species play key roles in controlling the productivity of  the ecosystem in time and space. Their seasonal dynamics, the growth capabilities and dependence upon the hydrological and chemical conditions determine the functioning of the whole ecosystem at certain periods of the seasonal succession.

Models simulating the ecosystem behavior should be based on particular features of these species including their specific growth rates, half-saturation constants and grazing. Among a number of organisms, the dinoflagellates from genus Ceratium, dinoflagellate Heterocapsa triquetra, dinoflagellate Scripsiella trochoidea, diatoms from genera Nitzschia  and Rhizosolenia, and coccolitina Emiliania huxleyi are important species. Cyanobacteria has critical meaning for microbial energy loop. 

The knowledge on the life cycle and growth rates of this species in relation to the environmental conditions is critical for the modeling of winter blooms in the Black Sea.

Gross parameters like total primary production, the range of values, seasonal pattern, and vertical distribution are relatively well known for the Black Sea ecosystem. In contrary to that, population ecology, real growth rates of main species, seasonal dynamics and vertical distribution are poorly studied. Only few studies have been done in the past. As example, studies, which have been done during the winter bloom in the open part of the sea, have shown that population of Nitzschia delicatula have the vertical distribution of growth rates different from that of total primary production. This data were obtained with usage of direct measurements of dividing cells in population. The primary production calculated for this population some times was 3-5 times higher that the total primary production measured by standard C14 technique.  Another example is the population of dinoflagellate Ceratium fusus, common species for all seasons in the Black Sea. This species is characterised by the simultaneous presence of its population in the autotrophic and the heterotrophic cells (Zavyalova and Mikaelyan, 1997).. Predominance of autotrophic cells in the population occurs in parts of the eastern and the western cyclonic gyres. In contrast, the heterotrophic cells dominate the central parts of the sea and the eastern part of the Rim Current. Therefore, the ratio between the autotrophic and heterotrophic parts of the population could be used as a biological index for the vertical fluxes of nutrients into the photic zone.  

	Both examples show the importance of knowledge of population ecology of main phytoplankton species for general understanding of dynamics of phytoplankton communities in the Black sea.



II. Sub-Tasks



In the frames of this sub-task the following task are designed:



- To estimate  the growth rates (range) of principal phytoplankton 

   species of the Black Sea

- To study the seasonal dynamics of growth rates

- To study the vertical distribution of growth rates

- To study the relationship between the growth rates and environmental 

   conditions

- To study the ratio between the autotrophic and heterotrophic cells for 

   mixotrophic species in relation to seasonal, spatial distribution and 

   environmental conditions.





III. Methods of research



	Both examples mentioned above show that the population ecology of principal phytoplankton species should be studies by special methods. For estimation of growth rates we suggest to use the methods of calculation of dividing cells in population.  This method have been successfully used in the different areas of the World Ocean ( Weiler, Chisholm, 1976; McDuff, Chisholm, 1982). In the Black Sea it was applied only in few investigations (Stolbova et al., 1982; Mikaelyan, 1985).  The specific growth rates calculated according to the formula:  ( = (1/T) ln (M+1) where : M - mitotic index: ratio between the number of dividing cells and the total number of cells in the population. This index calculated in the field samples using direct microscopic observations.  T - terminal event duration: time need for division process on certain stage of division cycle. This value could be estimated in experiments.

This method has the very important advantage in comparison with standard techniques. Firstly, it permit to estimate the growth rate of single populations. At second, it does not connected with the in situ experiments and operate with field observation directly.

Accuracy of estimations of this methods depends upon the accuracy of values used in formula. As concern the M, the high number of cells need to be counted for representative data. For large cells of phytoplankton, for example, this means, that the net towering should be used.  Due to this, only the mass species could be investigated. 

In this calculations the mean daily M is used. It is well known, that many phytoplankton species have diurnal division cycle. Hence, in field collections, the diurnal observation should be done definitely. According to literature data, T is species-specific parameter and additionally depends on some environmental parameters (temperature, nutrients supply, light). This is most uncertain  part of this approach, which should be studied in series of experiments on investigated populations. Both field collections and laboratory experiments have to be done during this task.







IV. List of participants



Dr. Alexander Mikaelyan - IO RAN, Moscow, Russia

Tatyana Zavyalova - IO RAN, Moscow, Russia

Dr. Zahit Uysal - IMS, Erdemli, Turkey

Dr. Ahmet E. Kideys - IMS, Erdemli, Turkey

Elif Eker - IMS, Erdemli, Turkey

Dr. Ludmila Senichkina - IBSS, Sevastopol, Ukraine

Dr. Ludmila Georgieva - IBSS, Sevastopol, Ukraine

Dr. Tatyana Churilova - IBSS, Sevastopol, Ukraine

Denis Altychov - IBSS, Sevastopol, Ukraine



V. Implementation Plan



Year-1:

	Spatial and diurnal field observations: Russia, Turkey

Seasonal field observations: Ukraine

	Preliminary laboratory experiments:

	Cultivating of mass species, determining of division cycles (Russia, 

Ukraine).



Year-2:

Spatial and diurnal field observations: Russia, Turkey

Seasonal field observations: Ukraine

	Laboratory experiments:

	Multifactor experiments for estimating the dependence of T from 

environmental conditions (Turkey)



Year:-3

Meetings: workshop meeting, submitting the joint papers.

Spatial and diurnal field observations: Russia, Turkey

Seasonal field observations: Ukraine

	Laboratory experiments:

	Multifactor experiments for estimating the dependence of T from 

           environmental conditions (Turkey)



Year:-4

Meetings: workshop meetings, submitting the summary report.



VI. Equipments

Acoustic depth sensor

Culture Incubator (3 items) 

Notebook (Pentium-133 or more, memory 32MB or more)

Phytoplankton net (2 items)

Autoclave (1 item)

Particle Counter (1 item)

Balance (1 item)

Fluorometer (1 item)

Consumables (including spares for computers upgrade)

Task II.3.B.2  Studies of the dynamics of main phytoplankton 

                       populations, growth rates and mortality rates in 

                       relation to the environmental conditions and the 

                       other trophic groups of plankton communities in 

                       the coastal waters.



Key Scientist:  Snejana Moncheva



I. Assessment of the present state of knowledge. 



Since the 70’s eutrophication has been identified as the key ecological issue for the coastal Black Sea ecosystem especially its north-western part, subjected to the strong freshwater nutrient input. Induced dramatic alterations in phytoplankton communities structure, abundance and biomass have been well documented, the most feasible consequences been the shift in dominant species and the expansion of phytoplankton blooms both in number, frequency and biomass attained. The 90ies have been appriori considered a period of relaxation of anthropogenic pressure mainly due to the industrial and agricultural collaps of the Black Sea countries. Recent changes in the chemical and biological parameters have already been reported. All this impose the question are these changes are sign of recovery of the ecosystem?



The comparative analysis with long-term data suggest that :



the decrease of the total phytoplankton biomass, especially during summer (more than twice)

the decrease of phytoplankton monospecific blooms both in terms of frequency and maximum concentrations attained,

the increase of diatoms  dominance and the decrease in the share of the opportunistic species, 

the shift of the seasonal succession towards more close to the natural for the Black Sea ecosystem annual cycle 



could be considered more a sign of recovery as a response to the reduction  of nutrients and the concomitant changes in their ratios ( especially the increase of  Si/P ratio) in the coastal zone. 





The main uncertainties however are:



still the maintained capacity of the ecosystem to produce high biomasses (more than 40 mg/m3)

the concerted changes of the other environmental factors ( temperature, solar activity, graizing pressure)

the similar changes reported for different regions in the World Ocean suggesting a possible global climatic signal too. 



	The diversification of the dominant species list is a continuous trend evident in the recent period too and is still a concern in assessment of the ecosystem functioning, as the dominant species are those engineer species that determine the overall primary productivity and shape the main processes of the system. Since 1991 some new species for the Black sea have entered the list of bloom producers in the coastal area (Alexandrium monilatum(1991), Gymnodinium uberimum (1995), Rhizosolenia hebetata (1998)), other species such as Dytilum brightwellii(1994), Gymnodinium splendens (1995) and Pseudosolenia calcar-avis were recorded in concentrations never met before. For example during summer-autumn period (1992, 1995, and 1997) Pseudosolenia calcar-avis occurred in a density of about 200-260x103 cells/l and produced a biomass exceeding 40 g.m3. The recurrent blooming diatoms such as  Sceletonema costatum, Cerataulina pelagica maintained concentrations even higher than that during the 80ies (the period of intensive eutrophication).

	All these together with the insufficient data on the physiological characteristics of these species ( division rate, half saturation constants, mortality rates etc) impose the need of both further monitoring of the dynamic of the key phytoplankton populations and  process oriented studies.



II. Types of process studies. 



The overall task of item II.3.B.2 could be subdivided into two subtasks:



A – Dynamics of main phytoplankton populations and succession in relation to environmental variables

B – Ecophysiological characteristics of  key phytoplankton species (growth rate, mortality rate) in relation to environmental conditions.

The principle tasks of each of these subtasks are listed as follows:



A1. Monitoring studies to target the problem of time-space varisbility and for assessment the recent trends in the dynamic with phocus to phytoplankton blooms.

A2. Assessment of  the succession pattern of main phytoplankton communities in terms of  the trophospecies concept and Reynolds and Smayda concept of Margalef’s main sequence.

A3. Study of life cycle of the key species (en/excystment ) and the factors responsible.

A4. Study of key species population dynamic curve to target the problem of bloom initiation, maintenance and termination and test hypothesis (high frequency and diel field sampling).



B1. Physiological process studies – laboratory experiments for  assessment of growth rate, mortality rates, half saturation constants of key phytoplankton species

B2. Mesocosms experiments and diel measurements (highly reccomended).





Strategy



- Selection of sampling polygons along the Romanian, Bulgarian and 

  Turkish coast for comparative analysis of the monitoring studies

- Selection of  key phytoplankton species for physiological experiments 

- Selection of polygon for in situ experiments (common for all the parties)



Equipments



Epifluorescent unit  - 1x

Flowcytometer - 1 x

Mesocosms facilities - 1 x



Men power 



Phytoplankton researchers from RMRI, IO-BAS, METU

Chemists

Physicists



Time schedule 



Field sampling						1999 - 2001

Experiments (laboratory and mesocosms)		2000 – 2001

Scientific Team Meetings (intercalibration of methods)	

discussion of results once per year				1999

Final report								2002



Short-term planing



The laboratory experiments will be conducted together with the Scientific Team of Task II.3.B.1 - for details see ANNEX IY  (recommendations).

For the monitoring studies – meeting between the three parties – September 1999

Close cooperation with Task II.1.C. Team, Task II.4.E and Task III.2.







TASK II.3.C. Studies of the zooplankton population dynamics, 

                      respiration and grazing rates, generation cycle 

                      characteristics, in relation to the basin scale 

                      circulation features and trophic interactions 



Key scientist: Alena Arashkevich



Models simulating the biological processes in pelagic ecosystems require that the population ecology and dynamics of target species to be investigated in a comparative way in regions with different hydrophysical conditions. 

The heterothrophic dinoflagellate Noctiluca scintillans, the copepod Calanus euxinus and the ctenophore Mnemiopsis leidyi are key species in the Black sea plankton system.  These species belong to the different trophic levels, possess different life cycle strategies and are interconnected into a complex  trophic web as feeding competitors and predators-preys.

The pelagic organisms have been demonstrated to be strongly influenced by seasonal and long-term variations in physical forcing in the Black sea plankton system.

	The project will be focused on studies of the mechanisms controlling the population dynamics and generation cycle characteristics of these species, in particular, the relationship to hydrophysical conditions, interannual variations, and the interactions with predators and preys.



The primary objectives of the project are:



1. the study of distribution and size/age structure of these populations at different localities (shelf, shelf-break, open sea) and hydrophysical conditions (cyclonic gyres, anticyclonic eddies, Rim Current, and so on); 

2. the study of main physiological characteristics (growth, feeding and respiration rates, productivity) in relation to different environmental conditions.



The information obtained from the project investigations could be applied in the estimation  of production rate of the populations, the grazing impact, and the role of the species in organic carbon transformation and flux.

Compared with Noctiluca scintillans  and Mnemiopsis leidyi the life cycle strategy of  Calanus euxinus is more complicated. This species is present in the aerobiotic zone during all seasons, inhabiting mainly the open part of the sea. The older copepodite stages performs daily vertical migrations with amplitude of 70-170 m in relation to seasons and localities.  

The Black sea Calanus reproduces throughout the year, with maximum reproduction occurring in early spring. The life cycle of C. euxinus includes a diapause phase. After the winter-spring phytoplankton bloom, a part of the population having accumulated reserve lipids enters the diapause and concentrates in the narrow layer near the lower boundary of the oxygen zone.

	The peculiarity of the distribution of Calanus euxinus suggest that this species could be used as a biomarker (tracer) of the shelf-open basin water exchange. 

	Special attention will be focused on less investigated phases of the Calanus life cycle.

	The project will resolve the mechanisms controlling initiation, duration and termination of diapause phase as well as if this phase is an obligatory in the life cycle of Calanus euxinus and if the formation of diapausal stock is permanent or sporadic event.

	The number of generations per year and moulting cycle of different stages will be studied with a new approach based on an examination of mandibular gnathobase teeth formation.

	Respiration and excretion rates as well as motor activity in Calanus respond to temperature, food availability and quality, oxygen concentration  and possibly to other factors in the habitat. The project will give contributions characterizing these responses. 



Man power :



Arashkevich E.   -  P.P.Shirshov Institute of Oceanology, Russia

Drits A.V.            -  P.P.Shirshov Institute of Oceanology, Russia

Pasternak A. F.   - P.P.Shirshov Institute of Oceanology, Russia

Svetlichny L.S.    - Institute of Biology of Southern Seas, Ukraine

Kamburska L.     - Institute of Oceanology, Bulgaria

Moldoveamu M.  - Romanian Marine Research Institute, Romania

Kideys A.E.        - Institute of Marine Sciences, Turkey

Gucu A.C.          - Institute of Marine Sciences, Turkey

Besiktepe S.       - Institute of Marine Sciences, Turkey



Time schedule



1999 - 2001 - Field observations on zooplankton distribution

                      (sampling, microscope analyses)

1999 - 2001 - Experiments on feeding, respiration and egg production rates 

2000 - 2001 - Descriptive modeling of physiology and population dynamics of 

                      key species 

2001 - 2002 - Papers on data obtained in 1999-2001 



Equipments



Plankton net - 2 x

Flowmeter - 1 x

Flourometer - 1 x



Consumables



SIGMA catalog

NADH	 			N8129		1 g		  61.30 $

NADPH			N1630		250 mg	207.90 $

INT				I 8377		1 g		  55.60 $

KH2 PO4			P 0662	500 g		  26.40 $

PVP				PVP-10	100 g		    9.85 $

TRIS				T 1503	500 g		   39.10 $

KNA TARTRATE    		P 0165	500 g		  18.10 $

FOLIN REAGENT   		F 9252	100 ml	  17.40 $

Na2CO3			S 2127	500 g		  13.95 $

PIPET TIPS		 	MPT-2	500/pkg	  25.10 $

			 	P 1665	500/pkg	  29.00 $

			 	MPT-6	100/pkg	  11.40 $

ACETONE		 	A 4206	 3 L		  55.30 $

DMSO		 	D 5879	 2 L		  84.20 $

HCL				H 7020	 0.5 L		  25.50 $

FILTRATION assembly	Z 29, 049-1	 1 ass		165.10 $

FILTERS (GF/C)		Z 24, 237-3	 1 pkg		118.60 $

TUBES			Z 28,102-6	 1 pkg		

PROTEIN determination kit   P 5656	 2 kits		100.00 $



IGN catalog 	

PH-TESTER+

Calibration kit		160077	1		89.25 $





VWR Catalog 



BOTTLES  (1 L)		16180-546	2 pkg		  33.60 $

-     “    -      (0.25 L)		16126-085	2 pkg		103.95 $

COOLER			35741-262	1 pcs	 	122.00 $

DISPENCER			53501-060	1 pcs		415.00 $

RESERVOIR bottle		53502-550	1 pcs		  10.70$

SAMPLE VIALS		66011-256	1 case		  79.98$

LABELS			36471-417	1 pack		  13.30 $

TUBE RACK			60984-860	1 pcs		  20.00 $

-     “     -			60984-906	1 pcs		  20.00 $

PLATES			53632-002	3 pcs		  24.90 $

SIEVES			57320-409	1 pcs		  37.50 $

-   “   -				57320-840	1 pcs		  44.50 $

MICRO SLIDES		48300-128	1 pack		  10.80 $

MICRO COVER glasses	48366-045	2 pcs		  11.50 $







TASK II.3.D. Studies on the response of phytoplankton 

                      communities to the abiotic environment 

                      (meteorological, hydrophysical, anthropogenic) 

                      using remote sensing



Key scientist: Nikolay Nezlin



The crucial point in the analysis of the changes of the Black Sea ecosystem is to distinguish between the severe impact caused by anthropogenic pressure and the variations of the ecosystem resulting from climatic variations. One of the most productive methods seems to be the observations from space. The precision of these data seems to be rather low, but they are regular and numerous, in contrast to always insufficient in number (due to high costs) oceanographic in situ observations. The remote sensed information mostly important from the point of view of biology is the measurements of ocean color, which characterize the concentration of plant pigments (primarily chlorophyll) in the surface layer of sea water. This concentration, in its turn, is closely correlated with the mostly important parameters of pelagic ecosystems—biomass values of different ecological groups of plankton [Vinogradov et al., 1995, etc.]. 

The comprehensive array of ocean color observations was collected during 1978–1986 by CZCS (Coastal Zone Color Scanner) radiometer [Hovis et al., 1980]. From 1981 the satellites of NOAA series with AVHRR (Advanced Very High Resolution Radiometer) started to collect infrared data characterizing SST (Sea Surface Temperature). These CZCS data were used for the analysis of seasonal and interannual variations of the surface chlorophyll concentrations over the Black Sea in [Nezlin, 1997; Nezlin and Dyakonov, 1998ab; Nezlin et al., in press] time scale. The AVHRR data enabled the studies of the structure of boundary currents [Sur et al., 1994, 1996]; the mesoscale variability in the coastal regions and the shelf-deep basin water exchange in the North-West Black Sea [Ginzburg et al., 1997a, 1998a]; the upwelling along the north-western coast [Ginzburg et al., 1997b], the vortical structures in the south-eastern zone [Ginzburg et al., 1998b], etc. However, the new period of remote sensed observations of ocean color started in September 1997 after the launch of the OrvView-2 platform with SeaWiFS (Sea-viewing Wide Field-of-view Sensor) radiometer. The information measured by this radiometer at 6 visible bands from 412 to 670 nm is regularly processed in the Goddard Space Flight Center (NASA, USA). These data enable the real-time analysis in detail of the spatial pattern of seasonal variations of the ecosystem of the Black Sea under the influence of meteorological and hydrological factors. These studies should be combined with the analysis of the historical data, mostly the ones collected in the Data Base constructed during TU-Black Sea Project in 1994-1997. 

The specific feature of SeaWiFS data is that they have numerous 'gaps' without valid data due to low atmosphere transparency and other reasons. However, the valid data in these points could be "recovered" taking into account the images obtained during other days. The fruitful approach is the modification of "kriging" method [Isaaks and Srivastava, 1989]: calculating the indices of spatial heterogeneity, combining these indices obtained during different periods, and using the resulting values for interpolation into the points of interesting with missing valid data. 

The comprehensive models of the Black Sea ecosystem were created during recent few years [Oguz et al., 1996, 1998, etc.]. These models enable the analysis of the influence of the observed since autumn 1997 hydrological and meteorological conditions (air temperature, climate, Danube discharge, etc.) on the process of development of phytoplankton in the Black Sea; the results will be compared with remote sensed observations.



The general directions of the work on the Project are the following: 



1.	Elaboration of the special software which enables the analysis of different types of remote sensed data;

2.	Elaboration of statistical methods for the analysis of spatial distribution of chlorophyll concentration and SST and interpolation of these data into the points where the valid data are absent due to low atmosphere transparency (clouds), etc.

3.	Using this method for partial "recovering" of the SeaWiFS data. Producing the electronic animation atlas of variations of surface chlorophyll concentration and SST in the Black Sea since September 1997.

4.	The real-time analysis of the dynamics of surface chlorophyll concentration over the Black Sea area under the influence of physical environment.

5.	The analysis of historical data on hydrology and meteorology with special emphasis on the environmental conditions favorable for phytoplankton development.

6.	The analysis of the coast - deep basin water exchange with emphasis on the penetration on the enriched with phytoplankton coastal waters into the central part of the Black Sea.

7. Testing the mechanisms of regularities revealed by the observations using the models developed during TU-Black Sea Project.



The following data sets are ready to be used for the analysis:



1. SST data bank for 1981-till present (time resolution - 8 days, space resolution - 18 km).

2. CZCS (surface plant pigment concentration) data bank for November 1978 - June 1986 (time resolution - month, space resolution - 18 km).

3. SeaWiFS (chlorophyll "a" concentration) data bank for September 1997 - till present (time resolution - day, 8 days, month, space resolution - 9 km).

4. Precipitation data bank for July 1987 - December 1997 (time resolution - month, space resolution - 1 deg.).

5. Wind data bank for March 1997 - till present (time resolution - 6 hours, space resolution - 1 deg.).

6. Atmosphere pressure data bank for March 1997 - till present (time resolution - 6 hours, space resolution - 1 deg.).

7. Atmosphere moisture data bank for March 1997 - till present (time resolution - 6 hours, space resolution - 1 deg.).

8. Precipitable water data bank for March 1997 - till present (time resolution - 6 hours, space resolution - 1 deg.).

9. Series of NOAA IR and VIS images of the Black Sea collected in Marine Hydrophysical Institute since 1993.

10. Hydrological data collected in the NATO TU-Black Sea Data Base.

11. Direct hydrological, hydro-optical, and biological observations carried out since September 1997 by other participants of the Project.
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Time schedule



1999-2000 - points 1, 2, 5, 6;

2001-2002 - points 3, 7;

1999-2002 - point 4.



During each year one workshop of 2 weeks is planned in one of the institutes (IMS-METU, SIO RAS, IBSS). The schedule of each workshop will be the following: 



1. Summarizing the results of the work of the group during previous year;

2. Providing the obtained information to other participants of the Project 

    (with special emphasis to modelling group);

3. Preparing papers for publications;

4. Discussing the plans for next year;

5. Writing the detailed report.



Equipments required



1. Computer: Pentium-II/400, 128Mb RAM, Monitor 17', HDD 10Gb, CDR/W =$1500;

2. Computer Notebook, Pentium II/233, 64Mb RAM, CD-ROM, FDD 3.25, HDD 4Gb=$2000;

3. Laser Printer HP $1000

4. Jet Color Printer Epson STYLUS $500























TASK II.3.E. Study of the dynamics of bacterioplankton and microzooplankton with particular emphasis of evaluation of rate constants and relative role of microbiological loop in the plankton food web structure. 



Key scientist: Igor Polikarpov



Objective:



The objective of the project is to study of marine microbial communities structure and dynamic during seasonal changes in Black Sea, to distinguish role of the heterotrophic and autotrophic microplankton in plankton community of this region.



Assessment of the present state of knowledge for the task. 



The abundance and distribution of microorganisms in sea ecosystems result from a complex of factors and interactions among a multitude of biotic components. Important fluxes of carbon, nutrients, and energy are mediated by the microbial food web (Azam et al., 1983), consisting of bacteria, picophytoplankton and protozoa (microplankton in general) (Weisse and Muller, 1990, Berninger et al., 1991, Hadas and Berman, 1998). The abundance of each component within the microbial loop, i.e. bacteria, picophytoplankton, flagellates and ciliates, is controlled by some combination of nutrient supply and grazing regulation. 

Although many aspects of the Black Sea pelagic ecosystem have been extensively studied and much information is available about the zooplankton and phytoplankton, as relatively little has been studied for the microplankton and its links with other components of the plankton (Vinogradov, Flint, 1989). 

Microplankton can play important role in biogeochemical processes in the sea, especially in carbon dynamics.

This relates to intensive grazing of phytoplankton by protozoa and to high mineralization rates of newly produced organic matter by planktonic bacteria.

Carbon dioxide drawn down into the seawater during the phytoplankton bloom and fixed by photosynthesis partly remains within organisms as POC, but much of it is released as dissolved organic carbon (DOC), escaping either from living organisms or being dissolved after their death. This DOC nourishes bacteria, whose production is reported to reach 30% or more of that of phytoplankton, providing another category of POC. A major part of the POC is mineralised in the upper layer of the ocean (Vinogradov et al. 1992). 

Herbivorous and bacterivorous microzooplankton, along with bacteria, are the principal agents of this mineralization; protozooplankton have been found to graze as much as 100% of the daily production of bacteria (Fenchel, 1982) or phytoplankton (Burkill et al.1993; Mukhanov, Polikarpov, in press). 

Grazing by protozoa and other small zooplankton is very important for pelagic ecosystem of the Black Sea, because it causes decrease in the phytoplankton biomass during the second stage of the phytoplankton blooms and alters the community structure. This leads to the question of the importance of cyanobacteria and eukaryotic picoalgae, whose role in total photosynthesis is being recognised in other seas, but has not been adequately studied in the Black and Azov seas.

The increase in numbers of heterotrophic bacteria, resulting from the release of organic molecules from phytoplankton blooms, leads to more intensive carbon cycling, and invokes activity of the "microbial loop" components that first mineralise organic materials and then lead to further production of POC. 

Activity of this "microbial pump" has not been investigated in the mesotrophic Black Sea and in meso-oligotrophic Eastern Mediterranean as well as Marmara Sea, with its seasonal blooms, and comparisons between these two regions would be particularly interesting.



	Men power required for the implementation of the project task.



Name�Discipline�Highest degree�Affiliation�% time to be 

spent on project��Dr. Polikarpov I.G.�Protozooplankton [flagellates] �Senior Scientist�   IBSS�      70 %��Dr. Saburova M.A.�Selective feeding ecology�Junior Scientist�   IBSS�      50 %��Ms. Gavrilova N.A.�Ciliates�Engineer�   IBSS�      40 %��Mr. Mukhanov V.A. �Grazing experiments�Engineer�   IBSS�      40 %��Ms. Byivolova O.G. �Bacterioplankton�Engineer�   IBSS�      50 %��



Types of process studies and equipment required



The studies will be based on the regular sampling near Crimean shores using local small boats in the shallow waters (twice per month), seasonal sampling along transect Sevastopol-Istanbul (using RV “Prof. Vodyanitsky”), experimental works in laboratories in Sevastopol and Erdemli if available (grazing experiments, daily activity etc.). 

	Most samples will be fixed for later analysis, but some samples should be analysed during the experiments to ensure their quality. Bacterial numbers would be counted by epifluorescence and the phyto- and zooplankton and protistan community structure would be analysed microscopically and the biomass of major components estimated.  The frequency with which the complete suite of biological studies can be performed will depend on the manpower available, but fixed samples will be retained for analysis of a suitable series of important examples.

Grazing rates would be determined and plankton samples as frequently as manpower and the selected  techniques allow. 

We also will controlled the grazing dynamic and predators-preys taxonomic composition by direct microscopic examination using fixed subsamples. 

	Data on the primary production would be used. Bacterial production by 3H-thymidine methods (or O2-method) would be measured on the same samples as well as bacterial fermentative activity 

The samples could be collected by 10 litres GO-FLO bottles. For the base point a CTD sounding with sampling will be used in many cases.



Equipments and Consumables



1. Chemicals for flyorescence staining, fixation, preparation of the samples.

2. Fluorescent bulbs for fluorescence microscopy.

3. Plasticware for the samples incubation. 

4. 3H-thymidine for bacterial production determination and heterotrophic 

    algae production measuring



A time schedule for realisation of the tasks.- Phases of work:



- Comparison of Methods and intercalibration.

- Estimation of the daily variability of microplanktonic organisms 

  numbers and grazing activity for detailed work planning.

- Bi-weekly sampling perform using small local boats in shallow waters.

- Perform of grazing experimental works in laboratories.

- First year’s meeting 

- Seasonal sampling along Sevastopol-Istanbul transect for estimation of 

  the large-scale spatial and temporal variability in microplankton 

  distribution and activity.

- Second year’s meeting

- Perform data analyses to estimate the role of different factors (biotic, 

  chemical, climatic) in determination of microplankton abundance, 

  structure and activity as well as the role of microplankton (both 

  autotrophic and heterotrophic) in pelagial communities of studied 

  regions (as relation to different scales).

- Prepare of joint papers and project report.

- Third year’s meeting



Expected results:



Short-term (days to weeks) and medium-term (seasons) changes in microplankton taxonomic structure and activity.

Comparative role of abiotic and biological factors in determination of microplankton changes in Black Sea as relation to different scales.

Comparison in grazing activity of microplankton and zooplankton in Black Sea from shallow to open waters. 

Evaluation of rates constants.

Comparison of the role of microbial loop with other components of the plankton food web.
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Task II.3.F. Study on food provision for fish populations and macro-zooplankton and interaction between lower and higher trophic levels



Key scientist: Georgy Shulman



Assessment of the present state of knowledge



The determination of food provision (or food supply) of animals is one of basic problem in study of functions of marine ecosystems. It enables to estimate quantitatively the degree of well-being of condition of populations of mass species with most important «channels of connection» between organisms and environment.

Food provision (supply) is the ratio between real consumed and demand food. This characteristic may  be determinate by direct or indirect ways (Shulman et al, 1998) Both of them will be used in planned investigation. Direct way corresponds the estimation of food requirements of animals and real rations in nature and experiments. The indirect way uses the biochemical indices for assessments the intensity of utilization of nutrition base.

Over recent decades the ecosystem of the Black Sea has shown unstable conditions caused by increasing anthropogenic impact (Vinogradov et al, 1992; Zaitsev, 1992). Since the mid-1970s, the dramatically increased inflow of nutrients into the Black Sea, diverse pollutants and toxicants have been causing degradation of nutritive base of the fodder zooplankton and fish. Additionally, the introduction of the ctenophore Mnemiopsis leidyi in 1980s endangered the very existence of key inhabitants of the Black Sea biota.

Recent reports (Kideys, 1994; Faschuk et al., 1995) register a dramatic decline in the pelagic fish stocks especially anchovy. Simultaneously, qualitative and quantitative changes were observed in phyto- and zooplankton community abundance and biomass (Senichkina, 1993; Kovalev, 1993; Vinogradov et al., 1992).

Analysis and forecast related to current trends revealed  that spatio-temporal monitoring of food supply In the Black Sea is necessary  to assess the well-being of mass fish and invertebrates species and their food items.

In the Black Sea studies there is a large experience in the estimations of food supply of the animals. These are  the determinations of nutritive requirements and rations in medusae Aurelia aurita (Anninsky,1989), ctenophora Mnemiopsis leidyi (Finenko et al, 1995), pelagic fishes - anchovy, sprat and horse-mackerel (Shulman and Urdenko, 1989); the investigations of lipid accumulation in anchovy (Shulman,1974), sprat (Shulman et al,1994) and copepods (Yuneva et al, 1997) . So we have data for relation food requirements of pelagic animals and real situation with nutritive base in the Black Sea and can suggest the trends of food supply changes in the near and further future.

In 1996-1997 the study of lipid characteristics of the copepod Calanus euxinus as an indicator of food supply was extended during the joint Turkish-Ukrainian expeditions on the board of R/V Bilim (Yuneva et al, in press). Results obtained confirmed that the lipid content of copepods correlates with physical (temperature, salinity) and bio-chemical (nutrients and chlorophyll) characteristics of the sea-water. Large differences were obtained in food  supply of copepods in cyclonic and anticyclonic zones.

Ratio RNA/DNA was used as indicator of intensity of growth processes  in fish larvae. Long-term monitoring of level of fat accumulation in populations of sprat allows to suggest that situation with food supply in the Black Sea pelagic ecosystem last years are stabilised.

So there are sufficient grounds for  the progress of food supply investigations of Black Sea animals. The objective of these investigations is the assessment of condition of populations of mass species of animals in pelagic ecosystem of the Black Sea and  study the relationship between nutritive base and its consumers.



Men power 



Prof. G.E.Shulman, IBSS, Sevastopol, Ukraine

Dr. T.V. Yuneva, IBSS, Sevastopol, Ukraine

Dr. G.A. Finenko, IBSS, Sevastopol, Ukraine

Dr. L.S. Svetlichny, IBSS, Sevastopol, Ukraine

Dr. Z.A. Romanova, IBSS, Sevastopol, Ukraine

Dr. V.V. Trusevich, IBSS, Sevastopol, Ukraine

Dr. B.E. Anninsky, IBSS, Sevastopol, Ukraine

Dr. G.I. Abolmasova, IBSS, Sevastopol, Ukraine

Ass. Dr. E.S. Gubareva, IBSS, Sevastopol, Ukraine

Prof. F. Bingel, IMS, Erdemli, Turkey

Ass. Prof. A. Kideys

Ass. Prof. A. Gucu

Dr. E. G. Arashkevich, IO, Moscow, Russia

Dr. M.Moldavanu, MRI, Constanza, Romania



Types of process studies



1. Food provision (supply) of pelagic animals



1.1. Elaboration of conception.



1.2. Determination of food requirements.

1.2.1. Fishes - anchovy Engraulis encrasicholus ponticus, sprat Sprattus sprattus phalericus, horse mackerel Trachurus mediterraneus ponticus. Estimation of demand food rations on the base of experimental and field data and modelling the elements of substance and energy balance - total and active metabolism, somatic, generative growth and production.

1.2.2. Aurelia aurita. Estimation of demand food rations on the base of experimental and field data of feeding, growth and metabolism respiration.

1.2.3..Mnemiopsis leidyi. Estimation of demand food rations on the base of experimental and field data of feeding, growth and metabolism (respiration and excretion).

1.2.4. Calanus euxinus. Estimation of maintanant food rations on the base of experimental data and modelling of total and active metabolism.

1.2.5. Dependence of food requirements of pelagic animals on temperature, food abundance, locomotion activity, seasons, periods of annual cycle.



1.3. Determination of real rations for estimation of food supply (field and experimental data for Mnemiopsis and Aurelia).



1.4. Estimation of food supply of pelagic animals on the base of physiological-biochemical indices.

1.4.1. Calanus euxinus. Relationship of lipid characteristics ( content of total lipids, waxes, triacylglicerols) with:



food concentration (total phytoplankton, main forms consumed by Calanus)

chlorophyll-a concentration as indicator of phytoplankton.

concentration of biogens (nitrates and phosphates)

density characteristics of water mass ((t= 16.2)

biomass of Calanus

biomass of food concurrent (Noctiluca)



1.4.2. Pleurobrachia rhodopis. Relationship of carbohydrate stores (contents of carbohydrates and monosacharids) with food concentration (total mezoplankton, Calanus as main food form, lipid characteristics of Calanus).

1.4.3. Anchovy larvae. Assessment of degree of condition well-being on the recent growth rate (RNA/DNA ratio), protein content and lipid characteristics (contents of total lipids, triacylglicerols and phospholipids).

1.4.4. Mnamiopsis leidyi. Relationship of carbohydrate stores (contents of glycogen and monocacharides) and  calority with food concentration (total mezozooplankton and separate forms - Calanus and Acartia) and biomass of Mnemiopsis its self. Assessment of  degree of condition well-being on glycogen content and oxygen consumtion (on experimental and field materials).

1.4.5. Sprattus sprattus. Assessment of degree of condition well-being on the total lipid content (fatness) in populations at the north-western part of the Black Sea.

1.4.6. Organisation of spatio-terming monitoring of food provision of pelagic animals (Calanus, Pleurobrachia, Mnemiopsis, anchovy larvae, adult sprat).



2. Study of elements of energy balance as ecological-physiological foundation of life history (life cycle) of Mnemiopsis as main species of macrozooplankton which influences on food supply of pelagic animals.



3. Submitting the Book  «Food supply of pelagic animals in the Black Sea»

Time schedule 



1999:

1.Food supply of pelagic animals

1.1.Elaboration of conception

Determination of food requirements

Determination of real rations for estimation of food supply



2000:

Estimation of food supply of pelagic animals on the base of physiological-biochemical indices



2001:

Study of elements of energy balance as ecological-physiological foundations of life hystory (life cycle) of Mnemiopsis as main species of macrozooplankton which influences on food supply of pelagic animals.



2002:

Submitting the Book  «Food supply of pelagic animals of the Black Sea»





Reagents, Equipments and Supplies



Sigma,1996

Catalog No�Name�  N� Quantity�Price per unit, $�� E-8751�Ethidium bromide

Ethylenediaminetetraacetic acid(EDTA)�1

1�5000mg

500 g	�53.9

29.8��R-4875�Ribonucleasa A�1�500 mg�86.2��R-7125�Ribonucleic acid, RNA�1�100 mg�29.7��P-3653�Phenol	�1�25 g	�10.5��D-3159�Deoxyribonucleic acid�1�10 g�14.2��P-0390�Proteinase K�1�100 mg�76.1��			   

Sigma,1998

C 9752  �Chitin 250 mg�1�250 mg�16.40��F 9252  �Folin  Ciocalten Phenol Reagent 100 ml�1�100 ml�24.60��G 0264�Galactozamine,100 mg�1�100 mg�7.30��G 4875�Glucozamine, 25 g�1�25 g�9.20��S 5881�Sodium hydroxide (NaOH), 500g�4�500 g�21.20��D 2536�Dichloroisocyanuric acid [2893-78-9] �1�250 g�15.30��A 7413�Alloxan ( 2,4,5,6-Tetraoxypyrimidine)  Monohydrate�4�25 g�  26.00��C 7552�Cytochrome P-450-2B4 (Pentoxyresorufin o-deethylase)�1�25 mg�137.50��P 3178�O-Phthaldialdehyde (o-phthaldehyde)�1�5 g�  40.50��R 7632�all trans-Retinol (vitamin A)�2�25 mg�    8.10��T 3251�(() - (-Tocopherol (vitamin E)�2�5g�    6. 20��Q 1250�Quinine Hemisulfate Salt�1�5g�  10.80��C 9750�(-Carotene Type I: Synthetic trans�1�5g �  22.80��P 4200�LAB-3 adjustable volume digital pipettes (10-

100 (l)�1�234.50��Z35,854-1�Tip for LAB-3 adjustable volume digital

pipettes�300/pkg�30.60��Z10,190-7�2 Micro-mate interchangeable syringes with

capacity,  0.1 cc grad. int.,glass Luer tip style�6/pkg�79.80��Z 36,546-7�Eppendorf adjustable volume digital pipette 

 (series 2000 ) 500-2500 (l cap�2�354��P 5036�Sigma adjustable volume digital pipet 100-1000 

(l cap�2�214.8��Z 35,171-7�Eppendorf clear tips. Tip. code: x�1�43.9��P 5286�Pipette tips. Tip code U 500�1�29.9��Z 37,311-7�Balance,model SC 20220�1�328,90��Z19,329-1�Pre-coated thin-layer chromatography (TLC) plates�10 pkg�77.90/1��



Aldrich, 1996-1997

Z 26,923-9�Membran filters  Supor�3�56.9��Z 26,924-7��2�59.30��Z 26,925-5��1�90.75��Z 24,238-1�Whatman Glass microfiber Filters�2�56.95��Z 29,040-8�Filtration assemblies�1�218.90��Z 25,377-4    �Filtering Flasks�6�224.85��Z 19,287-2  �Adjustable volume digital micropipet.�2�262.9��Z 36,546-7��1�354.0��P 5036�-”-                    -”-                     -”-�1�214.8��Z 35,171-7�-” -                   -”-                     -”-�1�43.9��P 5286�-”-                    -”-                     -”-�1�29.9��Z13,965-3�Crystallizing dishes cap. 270 mL 90(50 mm�1�11.30��Z13,966-1�cap.325 ml 100(50�1�13.90��Z13,979-3�Evaporating dish 140 ml 80(45�1�9.85��Z13,975-0�Petri dishes�5�4.55��Z21,944-4�Heidolph micro rotory evaporator�1�2599,3��
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TASK II.4.A. Development of an algorithm for the assessment of surface chlorophyll via satellite ocean color sensors.



Key scientist: Oleg Kopelevitch



Assessment of the present state of knowledge.



Satellite ocean color measurements make possible producing synoptic fields of chlorophyll pigment, as an index of phytoplankton biomass, and monitoring its spatial and temporal variability. Now the data sets are available from five past and present satellite ocean color sensors: CZCS, OCTS, POLDER, MOS, and SeaWiFS, and nine new sensors are planned to be launched in 1999-2000 (IOCCG Report, 1998). Comparison between chlorophyll values in the Black Sea measured directly and derived from satellite data has shown that the satellite-based values  reflect well relative changes of the concentration with space and time, but they do not give assurances of its absolute values (Kopelevich et al., 1999). The discrepancy between measured and derived chlorophyll values can arise from errors both of atmospheric correction and of bio-optical algorithms. In particular,  overestimating chlorophyll concentration by the SeaWiFS bio-optical algorithm is due to the fact that the Black Sea is exemplified by relative enhanced concentrations of yellow substance (Kopelevich et al., 1999). The SeaWiFS algorithm is empirical and based on a regression function which relates the ratio of the upwelling radiance values at 490 and 555 nm to chlorophyll concentration (O’Reilly et al., 1998). This algorithm requires a definite correlation between phytoplankton pigments and yellow substance absorption, and it can give significant errors for waters with predominance of absorption by yellow substance. In such cases the specific algorithm is needed taking into account the regional features, and the semianalytic algorithm developed by specialists from SIO RAS holds promise as a prototype of a regional algorithm for the Black Sea (Kopelevich et al., 1999).   
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Men power



The science team for the project study includes specialists in marine optics and biology, as well as in the satellite data acquisition and processing. 



1. Dr. Oleg V. Kopelevich – direct supervision of the work; SIO RAS, 

    Moscow

2. Dr. Vladimir I. Burenkov – optical field measurements and data 

    analysis; SIO RAS, Moscow

3. Sergey V. Sheberstov - computer simulation and satellite data 

    processing; SIO RAS, Moscow

4. Dr. Vladimir I. Vedernikov – chlorophyll data analysis; SIO RAS, 

    Moscow

5. Dr. Oleg A. Yunev – historical and current chlorophyll data; IBSS 

    NANU, Sebastopol



6.  Dr. Tatyana I. Churilova – sea-truth data on the specific absorption 

     by seawater components; IBSS NANU, Sebastopol

7.  Dr. Halil Sur - responsible for SeaWiFS data from HRPT station in 

     Erdemli, IMS METU, Erdemli



Types of process studies and equipment required.



The combined approach will be used including:



Analysis of available historical and current data on chlorophyll concentration and water-leaving radiance both from ship and satellite measurements;

Field studies; 

Computer simulation of direct and inverse problems concerning  relations between  seawater optical characteristics,  seawater components and water-leaving radiance;

Algorithm validation by in situ measurements in field sub-satellite experiments.



For the algorithm validation by in situ measurements the well-calibrated instruments are required; and absolute radiometric calibration on radiance and irradiance should be performed with high accuracy both in the laboratory and during the cruises. The radiometric standard sources are needed for that: 



1000-Watt quarts halogen lamp mounted in a medium bi-post base, calibrated by National Physical Laboratory (UK) or NIST (USA) as a Spectral Radiance Standard;

Extended Area Uniform Radiance Source with Frosted Glass Window and Power Supply/Control Module; 

Protocols of Tests (stability, uniformity);

Certificate of Spectral Radiance Calibration. 

The total price for the above standards is about $15,000; they can be delivered by VEGA International, Inc. (350 Fifth Avenue, Suite 6701 New York, NY 10118; Tel: (212) 594-260, Fax: (212) 594-3261,



A time schedule for realization of the tasks.



1999:

Joint analysis of available historical data on chlorophyll concentration in the Black Sea  measured directly and derived from CZCS data.

Joint analysis of concurrent data on bio-optical parameters measured in the central western part and coastal zone near Sebastopol and chlorophyll concentration retrieved from SeaWiFS data by different algorithms. 

Investigation of seasonal dynamics of the bio-optical parameters in the above points and its comparison.



2000:

Computer simulation of direct and inverse problems with the bio-optical parameters measured in 1999 and  comparison with SeaWiFS data.

Correction of the SIO RAS algorithm based on the obtained results.

Validation cruise.



2001:

Analysis of the obtained results.

Refinement of the algorithms.

Validation cruise.



2002:

Generalization of the all obtained results.

Development of the final algorithms.

Final report.









Task II.4.B. Development of an algorithm for the assessment of 

                    daily values of surfaces and underwater PAR 



			Key scientist: Vadim Suetin



	Recent satellite systems of observation of marine basins enable the systematic collection of the information, needed for the nearly continuous monitoring of some key parameters, which are controlling the primary production in the sea. At present, the satellite instrument SeaWiFS, which is working in space since 1997 autumn, can serve as the main source of this information. For the nearest years, launching of several other similar instruments on the orbit of the Earth is planned. Also, historical CZCS data array collected mainly during 1979-83, is rather good for the Black sea study.

	To the present day, many attempts were accomplished to use the satellite measurements for the calculations and modeling of primary production in the various regions of the oceans and at the global scale as well, for example, see (Platt et al., 1991; Morel, 1991; Bidigare et al., 1992; Gregg, Walsh, 1992; Balch et al., 1992; Antoine et al., 1995). They differ one from other by the various degree of details of the accounting for numerous elements in computation schemes, ranging from very simple empirical relationships to complex analytical models. In these schemes, the basic input parameters, which could be determined based on optical space measurements, are chlorophyll concentration in the surface layer of sea, and PAR (photosynthetically available radiation) at sea surface.

	Problems of quantitative determination of both these parameters are closely connected. Accurate regional optical models of “sea-atmosphere” system are needed for understanding of major elements of atmospheric correction of color remote sensing data and calculations of surface PAR, and also for construction the algorithms for assessment of chlorophyll concentration and underwater PAR accounting for multiparametric dependence of radiation (both water leaving and propagating into the water body) from concentrations and properties of various optically active constituents of sea water. 



	The basic elements in calculations of PAR are:



		(1) calculations of the radiation field in cloudless atmosphere;

		(2) accounting for the cloud cover;

		(3) calculations of radiation distribution in the underwater layers.



	Many different detailed optical models are known for the cloudless atmosphere, for example see (Gregg and Carder, 1990; Tanre.et al.,1979; 1990). Such models computes spectral irradiance just below the sea surface at high resolution for maritime skies as a function of atmospheric optical constituents (e.g. aerosols, ozone, water vapor, oxygen) within the spectral range important for phytoplankton growth (400-700 nm). Also, the angular conditions (Sun position at the sky) are accounted for throughout the daytime from sunrise to sunset. If needed, the real values of the most variable parameters - aerosol content and also spectral  dependence  of its optical depth - could be determined as a by-products of SeaWiFS data processing. Also, the ground measurements of these parameters are available for the Crimea region. Other parameters (ozone, water vapor) are stored in the SeaWiFS Project database as ancillary ones.  Some our experince in this field of study is described in (Suetin, Suslin,1992; Suetin et al., 1997).

	The simplest approach to accounting for the clouds is based on the introducing the correction coefficient, which is dependent on the amount of clouds (cloud fraction). SeaWiFS measures the radiation above the Black sea nearly daily (once per day), so the necessary information for cloud fraction determination may be got directly from the data collected by this instrument. For the more detailed accounting of eventual variations in cloud fraction within the daytime, the results of observations from other satellites (NOAA/AVHRR, Meteosat) also could be used, as well as some ancillary climatological information.

	The spectral irradiance in the water column and remote sensing reflectance usually are computed as functions of light absorption and scattering by various fractions of phytoplankton, detritus, yellow substance and suspended sediments (Platt et al., 1991; Morel, 1991; Gregg, Walsh, 1992). Knowledge of vertical distribution of these components is needed in such calculations.  Usually, the simple approximations are considered in which absorption and scattering coefficients co-vary with chlorophyll a concentration, and the sets of typical modelled chlorophyll profiles are known for the  studied regions and seasons. The main input variable parameter in this situation is the chlorophyll concentration at the sea surface.  This approach is appropriate for the so called Case 1 waters, but in the Black sea, it is necessary to consider the more complicated situations with independent  variations of the profiles of other water constituents. Also the optical properties of phytoplankton in the Black Sea differ from that of Case 1 open ocean waters. For example, blooms of coccolithophorids are frequently weakly correlated with the chlorophyll content in the surface layer (Sur et.al., 1994; Brown, Yoder, 1994), but could strongly affect surface reflectance and light field in the water column. Our experience in CZCS, MOS and SeaWiFS data analysis shows that standard optical models and remote sensing chlorophyll algorithms are not adequate for the Black Sea (Suetin et al.,1998).  For the accurate modeling of the general situations in the Black sea, additional investigations are necessary, directed to the retrieval of the optical properties of the water from the satellite remote  measurements. The modeling of radiation in the Black Sea should be based on the general multiparametric description of the optical properties of the water (Kopelevich, Shifrin, 1981; Sathyendrananth et al., 1989). 

	The use of the satellite data for the studies of these problems should be based on the detailed analysis of the variations of the estimated spectra of the water leaving radiance in conjunction with all available in situ  measurements. Also, it is necessary to take into account the results of systematic collection of direct in situ  measurements of vertical profiles of various bio-optical water parameters in various parts of the Black Sea. 

	One of the main problems in the realization of this study arises from the difficulties of precise atmospheric correction in the satellite determinations of the spectra of  water leaving radiance. The list of standard NASA’s SeaWiFS data processing products contains the values of normalized water leaving radiancies in all channels, but they are computed without the accounting for the specific regional features of the atmosphere above the Black sea. Some additional efforts are needed for the development the advanced approaches for the solution of this problem. Recently, we have constructed and applied to CZCS data processing some special procedure for aerosol parameters determinations necessary for the better atmospheric correction (Suetin et al., 1997). It is necessary to make the practical testing and final refinement of this procedure using the large array of SeaWiFS measurements. Note, that one of the most valuable for PAR calculations parameters - diffuse attenuation coefficient - also can be directly retrieved from the satellite measurements. Regional algorithm for determination of this parameter also should be constructed for the Black Sea.

	Finally, the special technological chain should be developed in order to get the suitable possibilities to include the results of the satellite based determinations of the sets of variables into PAR calculation algorithms as the input parameters - chlorophyll concentration at the sea surface, cloud fraction, aerosol properties, estimations of other than chlorophyll a  bio-optical features of the water, etc. This technology could be adopted also for the calculations of primary production using satellite data following to the schemes, described in (Gregg, Walsh, 1992; Balch et al., 1992; Antoine et al., 1995; etc.). 
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Management plan



1) Men power

	1) Suyetin V.    MHI,  Ukraine

	2) Kopelevich O.  SIO Russia

	3) Suslin  V. MHI,  Ukraine

	4) Churilova T. IBSS, Ukraine

	5) Korolev S. MHI,  Ukraine



2) Types of process studies: systematization of the modern theoretical approaches and existing empirical information concerning the problem; collection of the sets of satellite data necessary for the testing calculations; preparation of the algorithms and appropriate computer codes for the satellite data analysis and assessment the values of PAR; performing the simulation calculations, etc.



3) Equipment required:  some modern hardware  (CPU, memory, mass  data storage devices, etc.) and standard licensed software for upgrading  the already existing computer equipment. 



4) Time schedule:



Year 1. 

	(a) Prepare the first version of the algorithm for the assessment 

	of the daily values of surface PAR for the cloudless atmosphere and

	standard aerosol types.

(b) Prepare the first version of “regional” algorithm for the assessment of 

surface chlorophyll via satellite sea color measurements.

	(c) Prepare the first version of testing array (limited volume) of satellite 

data.



Year 2.

	(a) Prepare the first version of the algorithm for the assessment 

	of the daily values of underwater PAR for the standard types of optical 

properties of waters.

	(b) Elaborate the exact methods for aerosol correction of satellite data 

taking into account regional features of aerosol properties.

(c) Include the account for the clouds and variable aerosols to the algorithm for the assessment of the values of surface PAR.



Year 3.

	(a) Include the accounting for the specific variations of the optical 

properties of Case 2  waters in the Black sea to the algorithm for the assessment  of the values of underwater PAR. 

(b) Elaborate  the methods for the estimation of the optical properties  of Case 2 waters in the Black sea using the satellite remote sensing data.

	(c) Perform the testing of the algorithms using some real data.



Year 4.

(a) Critical examination and final refinement of the algorithms. Perform the extensive sensitivity analyses of the models and algorithms.

	(b) Prepare the large testing array of satellite data.

	(c) Prepare the computer codes for satellite data processing.

(d) Testing calculation using large array of satellite data for various conditions.







Task II.4.C. Analysis of the temporal and spatial variability in 

                    chlorophyll “a” concentration and primary 

                     production 



			Key scientist: Vladimir Vedernikov





	Assessment of the present state of knowledge



The reconstruction of the integrity picture of the Black Sea ecosystem that has already changed under antropogenic forcing is impossible without a comprehensive analysis of long-term, seasonal and interannual  variations of  chlorophyll-a (CHL), phytoplankton biomass and its production (PRP) in various regions of the water body.  These parameters are the most frequently used as indicators for study of eutrophication problems [Zaitsev et al., 1987; Vinogradov et al., 1992; Mee, 1992].  During the last 3 decades a huge number of biological and biochemical data is assembled which allows to carry out the analysis of long-term changes of ecosystem.

On the basis of data sets for 1960-91 [Stelmakh, 1995; Vedernikov and Demidov, 1993] and 1978-93 [Stekmakh et. al., 1998] it was concluded that in deep regions of the Black Sea maximum of PRP was observed during winter-spring bloom (from February to March) and the minimum in late summer, late autumn and early winter.  The annual average of PRP was calculated as 130 gC m2, 50% of which was produced in the period from January to May, 36% in summer and 14% during autumn and December.  The preliminary analyses of long-term changes of summer mean PRP and CHL values has shown that they have increased approximately 2 times for the last 20 years in the central parts of the sea [Vedernikov and Demidov, 1993], no such analysis was not carried out for other seasons and for other regions.

Interannual variability of directly measured surface CHL was studied only for south-western and central regions of the Black Sea on the base of data set obtained during 1990-1996 [Yilmaz et al., 1998].

Spatial variability of PRP and CHL is studied more worse than seasonal one. Single published map of PRP distribution in the all Black Sea was consisted on the base of August-September data  [Finenko, 1979]. It is known also maps of CHL and PRP spatial distribution only for western part of the Black Sea during winter-spring bloom [Yunev, 1989; Finenko, Krupatkina, 1993]. Obtained data are obviously insufficient for creation of broad picture of discussed parameter's distribution  in different seasons on the whole Black Sea 

It should be recognized that nowadays only general regularities of primary production (PRP) and chlorophyll “a” (CHL) vertical distribution are known [Berseneva, 1993, Vedernikov, Demidov, 1997; Finenko, Krupatkina, 1993; Yunev, 1994]. During late autumn and the winter-spring bloom the main concentration of CHL occurred within the upper mixed layer. In the coastal and open regions of the Black Sea the termination of the spring bloom is followed by the formation of a deep CHL maximum and deepening of the lower boundary of the photosynthetic layer (PSL). On the contrary, during the autumn period the deep-water maximum of CHL seems to disperse and rise to the surface, and PSL seems to decrease.

At the same time the profiles of vertical CHL and PRP distribution in one season may differ considerably in cyclonic and anticyclonic gyres [Finenko, Krupatkina, 1993; Shulman et al., 1998]. Moreover, in the boundaries of the same hydrological structure profiles of CHL fluorescence in situ (where  discreteness of measurements was equal one m), two and three peaks of high values of fluorescence were found out. Such profiles made in some cases up to 10 % from total of the investigated set of  fluorescence profiles [Yunev et al., 1999, in press].

The first attempt of PRP and CHL profiles generalisation was made only on the basis of long-term data (1978-1992) for deep-water regions of the Black Sea [Vedernikov, Demidov, 1997]. In spite of establishment of general peculiarities it was noted prominent variability of these parameters in the same layers of euphotic zone and in the same month. Such great variability requires more detailed study and quantity description of vertical CHL profiles in different trophic regions of the Black Sea.

The dependence of the rate of photosynthesis from light energy was studied mainly on different cultures of marine algae. It is known several photosynthesis-intensity light (P-I) curves, obtained for natural phytoplankton in several regions of the Black Sea [Akimov et al., 1992; Vedernikov et al., 1996]. At the same time, investigations of seasonal and spatial distribution P-I curves are extremely required for creation of depth resolved P-I models, which are used for calculation of PRP on the basis of  CHL satellite data.

It is obvious form above discussion that different aspects of spatial-temporal variability of CHL and PRP were studied insufficient or were not studied at all.  Evidently the uses of PRP and CHL data base completed at IMS-METU (Erdemli, Turkey) within the framework of NATO TU-Black Sea project would  allow to investigate these questions on more higher methodological level. Bisides, joint using direct and remote sensing (historical Nimbus-7 and modern Sea WIFS) data will be useful for investigation of meso-scale and interannual variability.
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Men power required for the implementation of the project tasks



1. Vedernikov Vladimir I.	-	SIO RAS / Russia

2. Yunev Oleg A.	-		IBSS NANU / Ukraine

3. Kopelevich Oleg V.	-	SIO RAS / Russia

4. Finenko Zosim Z.	-		IBSS NANU / Ukraine

5. Yilmaz Aysen	-		METU  IMS /Turkey

6. Ediger Dilek	-		METU  IMS /Turkey

7. Gagarin Vladimir I.	-	SIO RAS / Russia

8. Bologa Alexandru	-	RMRI / Romania

9. Mihnea PiaElena	-		RMRI / Romania



Types of process studies and equipment required



A.

    - Investigation of primary production rate 

    - Measuring of photosynthetic plankton pigment

    - Evaluation of incident and underwater radiation

B.

     - Turner Digital Visible Spectrophotometer  P-83357-15, price $2570 (Catalog: Cole Parmer    1999-2000, Page 983) - 2 sets.

    - Microprocessor-Based Fluorimeter E-83053-00, price $7230  (Catalog: Cole Parmer    1997-1998, Page 1056) - 1 set.

    - Economical Visible Scanning Spectrophotometer P-83101-00, price $4990 (Catalog: Cole Parmer    1999-2000, Page 987), 1 set

   -  Compact Variable-Speed Universal Centrifuge P-17306-05, price $1480 with Rotor P-17306- 50, price $347 (Catalog: Cole Parmer 1999-2000, Page 92) - 2 sets.

     - Vacuum/Pressure Station P-07059-42, price $700 (Catalog: Cole Parmer 1999-2000, Page 1168) - 2 sets.

  - Manifolds and Vacuum Filtration Holders (Catalog: Cole Parmer 1999-2000, Page 249):

  - Manifold P-02924-40, price $764 - 2 sets;

 - Manifold P-02924-50, price $999 - 2 sets;

 - Vacuum Filtration Holder P-02920-00, price $145 - 24 sets;

 - Vacuum Filtration Holder P-02923-10, price $232 - 12 sets.

 - Computer Pentium 2 with CD- Rom and Laser Printer, price $1500 - 2 sets.

 - GFC filters

 - HPLC columns and pre-columns, solvents, standards and reference samples

 - C14 solution in ampoules 

 - Adequate standard for liquid scintillation



A time schedule for realization of the tasks



1999:

- Creation of inventory table of CHL, PRP, assimilation number (AN) and fluorescence in situ (FLU) profiles as delivered to Data Base completed at IMS-METU (Erdemli, Turkey) within the framework of NATO TU-Black Sea project, as not delivered to Data Base, but which exist in the hand of members of team.

- Development of a “regional” algorithm for the assessment of surface chlorophyll via satellite ocean color sensors 

-  Intercalibration of (i) directly measured CHL by use of different standard methods, (ii) directly measured and remote sensing CHL, (iii) PRP values, measured by in situ and “simulated” in situ methods.

-  Study of relationship between surface CHL and types of vertical CHL profiles. 

-  Interpretation of  P-I curves (Photosynthesis-Irradiance) and collection of all necessary parameters (simultaneously measured CHL, PRP and underwater irradiance at different depths) for its construction.



2000:

- Construction of CHL distribution maps (based on joint expedition and satellite data) for different seasons and different years. 

- Analysis of constructed maps for study of seasonal, interannual and long-term variation of CHL.

- Type definition and quantitative description of CHL vertical distribution in different regions of the Black Sea and in different seasons. 

- Calculation and intercalibration of P-I parameters for stations with measurements of PRP by use of in situ and “simulated” in situ methods.



2001:

- Investigation of seasonal and spatial variability of P-I curve parameters;

- Investigation of seasonal and spatial variability of parameters describing vertical CHL distribution; 

- Creation and verification of different type’s models for calculation of PRP on the basis of satellite CHL.

- Construction of PRP distribution maps (based on joint expedition and satellite data) for different seasons and different years. 

- Analysis of constructed maps for study of seasonal, interannual and long-term variation of PRP.



2002:

- Creation and verification of depth-resolved models for calculation of PRP on the basis of satellite CHL.

- Calculation of integration values of PRP for all Black Sea basin.

- Prepairing of final report and scieitific papers







Task II.5.E. Development of an algorithm for the evaluation of 

                   carbon to chlorophyll ratio for the Black Sea 

                   phytoplankton.



Key scientist: Zosim Finenko



Justification of research



During the last years marine biologists have been successfully using the NASA satellite ( CZCS ) to understand the role of the ocean in the global biogeochemical cycles. The remote observations have enabled the spatial and temporal changes the surface layer to be monitored. Definite advances have been achieved in estimation of primary production of the World Ocean by means of ocean color remote sensing ( Morel, Berthon, 1989; Longhurst et al., 1995; Antonie et al.,1996 ). These investigations have shown that  amalgamation of satellite data with that of field research is the most effective and possibly the only tool to understand global scale variations of productivity. The next important step is the assessment of the phytoplankton biomass, in carbon units, over spatial-temporal scales comparable with those of atmospheric forcing . The necessity to resolve these problem is incorporated into the core International projects, like SeaWiFS, JGOFS, GLOBEC, EROS 2000,  the framework of NATO TU - Black Sea project and NATO SfP project. Although phytoplankton carbon biomass assessments are important to understand carbon fluxes in the ocean, it has never been mapped on global scale. In other words, the direct assessment of phytoplankton carbon biomass is currently absent for the Black Sea.

Measured phytoplankton biomass ( B ), in carbon units, at a given depth ( z ) can be derived from chlorophyll data ( Chl ), if the chlorophyll- to-carbon ratio (( ), at different states, is known. The following simple ratio can be used:



                                              B( z ) = Chl ( z ) / (



The coefficient (( ) enabling  transfer chlorophyll a   concentration to phytoplankton carbon biomass is still  poorly quantified. From  the literature the values (  range from 0.002 to 0.1( Strckland, 1960; Finenko, 1978; Geider et al., 1996 ).Variability of these values are determined by physiological adaptation of the microalgae to environmental conditions and can  be observed in situ  . The importance of physiological adaptation of phytoplankton influencing the Chl/C ratio in cells has resulted in the construction of a number of the mathematical models of this process ( Geider et al.,1996 ). On the whole, the results of modelling individual species are in good agreement with experimental data, which have enabled the relationships between specific phytoplankton growth rate and  the Chl/C ratio to be described. However, these models cannot be used in ecological investigations because there are no reliable methods to measure specific phytoplankton growth in nature.



To improve this situation we propose:



a) to develop an  dynamic regulatory model  that predicts the relationship of the chlorophyll a   to carbon ratio on irradiance, day length, temperature and nutrient availability in phytoplankton populations,

b) to reconstruct the phytoplankton biomass field of the Black Sea on chlorophyll a  concentration which will be obtained from the data base DBMS ( Erdemli, Turkey )   and measured by satellite.



References



Antoine D, Andre J.M, Morel A., 1996.  Oceanic primary production. 2.

Estimation of global scale from satellite ( coastal zone color scanner ) chlorophyll. Global Biogeoch.Cycl.,10: 57-69.

Finenko Z..Z, 1978. Production of plant populations. In O.Kinne ( Ed. ). Chichester-N-Y., v.4: 13-  111.

Finenko Z..Z, N.Hoepffner, R.Williams, S. Piontkovski ( in press ). Phytoplankton carbon to chlorophyll a   ratio: response to light, temperature and nutrient limitation. Mar.Ecol.Prog.Ser.

Longhurst A, Sathyendranath S, Platt T, Caverhill C., 1995.  An  estimate of global primary production in the ocean from satellite radiometer data. J.Plankt. Res.,17: 1245-1271.

Morel A, Berthon J.F., 1989. Surface pigments, algae biomass profiles and potential production of the euphotic layer. Relationships reinvestigated in view of remote-sensing applications. Limnol. Oceanogr., 34: 1545- 1562.

Geider R.J, MacIntyre H.L, Kana T.M., 1996. A dynamic model of phytoplankton growth and acclimation; responses of the balanced growth rate and the chlorophyll a -to-carbon to light,  nutrient limitation and temperature. Mar. Ecol. Progr. Ser., 148: 187-200.

Strickland J.D.H, 1960. Measuring the production of marine phytoplankton. Bull. Fish. Res. Bd Canada 122: 1-172.



The approach



Formulization of the chlorophyll to carbon ratio will be based on the direct measurements of chlorophyll and carbon for different algae species at various values of light ( E ), temperature ( T )  and nutrients supply ( N ). Data analysis implemented for 36 microalgae species from 7 taxonomic groups using the literature and our own data has shown that the function ( ( E,T,N ) is as follows ( Finenko et al., in press ):



( = 1/ [( (�EMBED Equation.2��� - T ) + E 63.3 exp ( - 0.163 T ) / ( N/KN  + N )]



where (�EMBED Equation.2��� = 41.3 ( 3.9 for  Prochlorococcus and Bacillariophyceae  ; 54.3 ( 2.9 for Prymnesiophyceae and Cyanophyceae ;  and 74.7 ( 2.3 gC g Chl a -1  for Dinophyceae  at T = 0 oC; T is the temperature, E the irradiance, mol photon m-2 day-1 , N is concentration of the limiting element ( (g l-1 ); KN - nutrient concentration, when V = 0.5 Vmax , where V- assimilation rate of the limiting element ((g l-1 h-1 ). 

The relationship between experimentally measured and calculated ( numbers point out that 80% of variability can be approximated  by these parametric function. From our results, four parameters should be known to estimate the Chl/C ratio for in situ phytoplankton populations: 1) taxonomic status of algae groups; 2) the extent to which phytoplankton growth rate is limited by nutrients; 3) the light flux density at depth; and 4) temperature. The inputs to model of independent variables can be obtained  from:



a) maps of the sea surface of chlorophyll a concentration obtained  from satellite ocean color imagery,

b) sea surface temperature from satellite observations,

c) irradiance at the sea surface obtained from broad-band visible imagery from the satellite sensor.



Three additional inputs to the calculation, i.e. surface layer concentration of nutrient, depth of the surface mixed layer and taxonomic status of phytoplankton populations are obtained from database.



Objectives



1. To assemble the database of key  physiologic and oceanographic parameters that will be used to  determine the coefficients of the model and to calculate phytoplankton biomass by chlorophyll concentration. 

2.To develop a dynamic regulatory model that predict the chlorophylla  to carbon ratio in phytoplankton under different environment conditions.

3.To estimate  the seasonal and regional  variability of  phytoplankton  biomass and chlorophyll a  to carbon ratio.

4. To obtain global scale two dimensional maps of phytoplankton carbon biomass in the Black Sea. 



Men power required for the implementation of the project tasks



Finenko Zosim           -    IBSS NANU / Ukraine

2. Vedernikov Vladimir  -   SIO RAS / Russia

3. Oguz Temel                -    METU IMS / Turkey

4. Yunev Oleg                -    IBSS NANU / Ukraine

5. Krivenko Olga            -    IBSS NANU / Ukraine

6. Uysal Zahit                       METU IMS / Turkey

7. Mihnea PiaElena               RMRS / Romania



Types of process studies and equipment required 



A.  Acclimatization of the photosynthetic pigments phytoplankton to changes of irradiance, temperature and nutrient availability.

The spatial and temporal distributions of phytoplankton biomass in relation to hydrographic conditions.

B. Computer Pentium 2 with CD-Rom and Laser Printer, price $ 1500.



A time schedule for realization of the tasks



1999:

Addition to the NATO TU-Black Sea  database available data  on the chlorophyll a  concentration, phytoplankton biomass, the light flux density at the sea surface and depth, temperature, the concentrations of ammonium, nitrate, nitrogen uptake rate ( parameters Vm and KN ), phytoplankton photosynthetic activity, depth of the surface mixed layer, and beam attenuation obtained by expeditions to the Black Sea during  the previous 15 years. The participant of this project will visit each other and will participate in the data selection and data base formation.







2000:

Revision of all available worldwide experimental data on chlorophyll to carbon ratio. Calculation and validation of model parameters  for separate algae species and phytoplankton populations.

Development a dynamic regulatory model that predict the chlorophylla  to carbon ratio in phytoplankton under different environment conditions.



2001:

Analysis of seasonal variations of chlorophyll to carbon ratio of the mixed layer depth and  water column. Seasonal variability of the phytoplankton biomass in the different regions of the Black Sea. Comparison of predicted Chl/C ratio with observed ones.



2002:

Analysis of the seasonal distribution of surface chlorophyll-like pigment as derived from CZCS and SeaWiFS. Mapping of phytoplankton carbon biomass in the Black Sea on global scale. Preparing  of final report and scientific papers.







Task II.5: Exchanges between the coastal seas, shelf seas and the Black Sea interior including those induced by the Rim Current instabilities and cross-shelf structures such as filaments, mushroom eddies and squirts.



Key scientist: Leonid Ivanov



Objectives:



It is suggested that the studies will go in two directions:



- Estimates of fluxes with the ultimate goal to provide such estimates in real or near real time.

- Understanding of processes maintaining cross-shelf exchange on different space-time scales.



Rivers and sediments are considered as major sources of nutrients.



Process studies will be based on:



- Analysis of existing in situ and remote sensing data, which include:

- possible additions into the database;

- preparation of sets of AVHRR (temperature) and SeaWIFS (ocean  

  color)data;

- comparisons of climatic characteristics with averaged remote sensing 

   data;

- identification of the most favorable conditions for the cross-shelf 

  exchange (from remote sensing data). 

- Numerical modeling, which presumes development of numerical models 

  that focus on mesoscale dynamics in the north-western part of the sea.



One of the objectives of data analysis is to write, by the end of the first year, a cruise plan for the purpose of calibration of remote sensing and in situ measurements, and process studies. 



Requirements:



- field research oriented on calibration of remote sensing measurements and studies of the processes responsible for cross-shelf exchange (one cruise);

- the task team, consisting approximately of 10 scientists, will need support for joint meetings / workshops;

- consumables, computer with the periphery. 







TASK III.2. Satellite Image Acquisition and Processing Unit:



Key scientist: Halil I. Sur



The capabilities of the Satellite Image Acquisition and Processing Unit of the Institute improved significantly through acquisition of real time HRPT/AVHRR pictures from NOAA TIROS-N series satellites (NOAA 9-10-12,14 and 15) since January 1994. The system is capable of receiving data from an area extending from the Arabian to the Baltic Sea and the Atlantics Ocean to the east of the Caspian Sea on a daily basis. The system is also capable of producing Sea Surface Temperature charts. The Institute is also one of the authorised centre to receive SeaWiFS data of the SEASTAR satellite. 

The following satellite data acquisition and processing systems are currently in operation.



Receiving Systems: 



An HRPT Antenna Server System which acquires, archives, processes, and displays HRPT telemetry data from the US NOAA TIROS-N series satellites' AVHRR sensor in real-time.  This system is also allow the Institute to capture and archive the data from the ocean colour SeaWiFS' sensor; 



Processing Systems: 



- PC based MapiX Ocean AVHRR processing system,

- PC based SEAPAK satellite image processing system for analyses of 

  acquired high resolution AVHRR (TIROS-N) and past CZCS

   (Nimbus-7)  images.

- SeaDAS satellite data processing software installed on a Silicon Graphics O2 Workstation to analyse the data received from SeaWiFS ocean colour sensor.



The Internet connection is also available at the Institute.







TASK III.1. Development of data management and quality control 

                   software operation in delayed and/or near-real time 

                   modes.

TASK III.2. Development of formats and algorithms for the 

                   extension of the existing Data Base Management 

                   System to handle data obtained from satellites, 

                   buoys,  ships

TASK III.3. Development of the methods, software and interfaces 

                   for near real-time data exchange between the models 

                   and the data base.

TASK III.4. Development of the user interfaces for dissemination 

                   of results to end users.

TASK III.5. Maintenance of the NATO TU-Black Sea Data Base



Key scientist: Vladimir Vladimirov



The efficient flow of information between project areas of predictive modeling, process studies and dissemination of results will be achieved with the development of a data management system. Processing and analysis of biological, physical and chemical data including data received from satellites, time series stations and process studies will be taken into account in the development of the Data Base Management System (DBMS) for the project.

The DBMS will be built upon existing structures developed within the context of NATO TU Black Sea Project. However, the data needed for present project studies will be derived from a combination of different sources including those acquired from remote sensing, moorings and cruises, so that it will require a thoroughly different approach compared with the NATO TU Black Sea DBMS. This new approach will use recent technology and Internet capabilities and the DBMS will operate in near real time mode. The required work for developing the DBMS is described as a series of tasks in the following. 



TASK III.1 Development of data management and quality control software operating in delayed and/or near real-time modes.

TASK III.2. Development of formats and algorithms for the extension of the existing Data Base Management System to handle data obtained from satellites, buoys, ships etc.

TASK III.3. Development of the methods, software and interfaces for near real-time data exchange between the models and the data base.

TASK III.4. Development of the user interfaces for dissemination of results to end users.

TASK III.5.  Maintenance of the NATO TU Black Sea Data Base.

With respect to the loaded data, the new system will have two major differences with the  existing DBMS: (1) it will contain a significant amount of new variables and types of data - for example, satellite images and time series, and (2) will require massive storage, especially of the high volumes of satellite data.



Unified formats will be tested and approved for satellite images and derived products (wind speed and direction, altimetry, etc.), data from moored and drifting buoys, ships, meteorological data and modeling outputs. The system will be designed to include data from new sensors and platforms.

A project-specific data base policy must be developed and approved by all the participants.  For example, the US GLOBEC data policy can be chosen as a prototype.  Adequate data base policy was developed and utilized in the framework of the NATO TU-Black Sea Project, which successfully produced a project data base.

A critical topic is the relevant metadata collection.  All possible efforts must be spent to provide, at a minimum, concise metadata with all historical data sets.  Recent data must be supplied with full metadata in all cases.  Metadata has to be in a form that can be used efficiently by all data analysts.

Data quality is a fundamental requirement of the project.  Care must be paid to data quality control and designation of data sets with pertinent, internationally accepted quality flags, at all steps of the data flow, from instrument calibration and measurement to post-processing.  Proper protocols for data collection and treatment should be defined (especially for chemical and biological data).  Maximum use will be made of the international standards on media, formats, processing, and transmission of data sets.

In accordance with the  project objectives, it is necessary to “explore, quantify and predict the ecosystem variability of the Black Sea through development of coupled interdisciplinary models with data assimilation schemes”. Therefore. the DBMS will have the capability to store and manage the modeling results and  provide to the models the necessary data for assimilation.

As described in the modeling subproject, the main types of data to be assimilated are the satellite data (TOPEX/POSEIDON, SeaWiFS, etc.), the meteorological and tide gauge data, and water column data along particular transects across the basin.  The necessary methods and interfaces to make the “model-DBMS” transitions will be developed, tested and implemented, with maximum attention paid to make them flexible, modular, and adaptable to new types of data in the future.

It is planned to load modeling results into the project data base and disseminate them along with the other data, to provide users with the possibility to explore them for comparison with measurements, and for other purposes.

Dissemination of the metadata and data to the scientific community and other users such as environmental management agencies and authorities, mass media and the wide public is among the ultimate goals of successful project implementation. Fast, reliable and comfortable access to project data and information can be ensured through the internet.  Subsystems will be developed to give delayed mode access at first stages and later to allow near real-time access to all project data and information.

A dedicated WWW-server will be designed with friendly graphical interfaces, clickable maps, animation of the satellite data and modeling results, etc., to allow communication  of project participants and the dissemination to the public.

Among other similar data bases, the NATO TU-Black Sea Project DB deserves special attention as an interdisciplinary archive.  Some of the other regional and global data base systems (e.g., Mediterranean Oceanic Data Base, etc.) can not be truly regarded as historical, interdisciplinary, multipurpose data base systems.  The first attempts to generate an interdisciplinary data base system were made within the context of the TU Black Sea Data Base (150 MB of data, spanning the past 30 years). This work also served to rescue existing interdisciplinary  data sets. This work has to be continued and extended.

The project data base will allow archival and retrieval of long term data sets and continuos time series describing past states of the sea and displaying trends and changes. These are the basic data services needed in optimum and responsible environmental decision making and management in government agencies, regulatory authorities and in the planning of industry.

It is necessary to indicate that many topics in the DBMS development can be done only after the decisions made by the other task teams, especially by the modelling task team. That is why, a list of questions concerning the data management in the framework of the project was prepared and distributed to the participants (see ANNEX-II).



Database Task Team



	Main Database Task Team includes:



Dr. V.Vladimirov

V.Miroshnichenko

V.Lyubartsev

Dr. Halil Sur



	Depending on the tasks of the meetings and workshops it can include also some scientists from the Data Management Working Group and from the Associated Scientific Group (see Project Proposal).



Database Task Team workshops



	During the first two years, workshops of the Database Task Team will be organized according to the necessity and last two years of the project they have to be done on regular basis. First workshop is organized on March 8-29.



Action Items of the Database Task Team for 1999



Preparation and distribution of the set of CDs with the demo-version of the TU-Black Sea database. - March 30.



Creation of the Web-server (or Web-page) of the project. - March 30 (an approximate date, it depends on the availability of the software and hardware).

Preparation of a working document on the satellite data, which can be loaded into the DBMS (possible sources, availability, formats, etc.). - April 30

Preparation of a draft list of the new data types to be loaded into the project DBMS. - May 30.

Development of a new version of the OceanBase database to load additional data into the TU-Black Sea database. - July 30.

Preparation of a draft conception of the project DBMS. - November 30.



Equipment



	During the first year of the project, it is necessary to buy two-three sets of computers with peripheries and software for the IMS and one set for the MHI.

	The same purchase and a purchase of two note-books have to be done at the third year of the project.

	When the work on the preparation of new data for the TU-Black Sea database is started, it will be necessary to buy one computer for each participating institution participating in this work.
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