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     Abstract



     This field work in the Black Sea was realised performing the objectives of the joint programme between Harvard University-Department of Organismic and Evolutionary Biology/USA and Middle East Technical University-Institute of Marine Sciences/TURKEY. The main task of this programme is to characterise the nitrogen dynamics in order to understand what factors are responsible for temporal and spatial 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. İlkay Salihoğlu (METU-IMS/TURKEY). This programme is in conjunction with the METU-IMS’s national programme entitled as “Dynamics of the Lower Trophic Levels of the Black Sea: Biochemical Processes and System Modeling” supported by TÜBİTAK (Turkish Scientific Research Council)/TURKEY which is a long term (five years) programme started in January 1997.



     This joint research programme in the Black Sea is also scientifically relevant and parallel to the recently proposed NATO SfP Project entitled as “The Black Sea Ecosystem Processes, Prediction and Operational Data Managements”. This Project involves the scientific research needed to lay the foundations for a permanent observations and prediction system for the Black Sea.



     The research pertinent to the collaborative activities between Harvard University and METU-Institute of Marine Sciences started on January 1, 1998 and the third and the last field work in the Black Sea conducted aboard R/V Bilim (METU-IMS) in September 1999.



     The 2nd Leg started on 22 September 1999 and ended on 30 September 1999. Three long stations (one in the Sakarya canyon region, one in the western side of Sinop, in the Rim Current and one in the eastern gyre) were visited during this leg (See Figure II.1). The station(s) planned in the western Black Sea could not be visited due to the very harsh weather conditions. R/V Bilim returned to the Bosphorus and she waited for the opportunity of good weather till 3 October 1999 and then the 2nd  Leg was terminated. R/V Bilim visited 6 different stations for short periods during this Leg. One extra long station was performed in the western deep basin during the 3rd Leg and the experiments done were parallel to those of 2nd Leg. The general information on the stations together with the Captain’s notes (Bridge Protocol) are presented in Table II.1, and the locations of the stations are shown in Figure II.1.



     Similar work was also performed in the Sea of Marmara (at a station located in the eastern basin) and in the north eastern Mediterranean (at a station located in the Rhodes cyclonic gyre). 



























L2-1�Table II.1. General Information on the stations: R/V Bilim Autumn 1999 Black Sea Cruise, Leg-2 (Bridge Protocol)

     (Stations written in BOLD character are the main long stations)

Date	     Arrival-Departure(GMT)	Location	Coordinates	Station*    Total Depth(m)   Air Press(mbar)   Air Temp. (°C)	Wind Speed(knot)	Wind Direction

___________________________________________________________________________________________________________________________________________						

23-24.09.1999	05:55	23:30		W.Black Sea	41°  31' N	L31M59	1450		1024.2			22			10		NE          

					(Off Sakarya)	30°  59' E



25.09.1999	22:50	23:09		E.Black Sea	42° 33' N	M33S45	2000		1025.3			20			-		-		

					(E. Cyclone)	35° 45' E	(Only CTD)



26.09.1999	01:30	01:52		E.Black Sea	42° 39' N	M39T15	1850		1025.1			20			-		-

					(E. Cyclone)	36° 15' E	(Only CTD)



26-27.09.1999	04:23	21:00		E.Black Sea	42° 45' N	M45T45	2100		1025.7			20			-		-

					(E. Cyclone)	36° 45' E



28.09.1999	06:45	07:02		E. of Sinop	42° 01' N	M01S15	70		1019.8			24			15		SE

							35° 15' E	(Time Series)



28.09.1999	07:40	08:10		E. of Sinop	42° 05.8' N	M05.8S13.8	 250		1020			26			-		-	

							35° 13.8' E	(Time Series)



28-29.09.1999	10:38	00:25		W. of Sinop	42° 15' N	M15R45	400		1018.4			30			17		SE

							34° 45' E



29.09.1999	19:08	19:16		Off Sakarya	41° 45' N	L45N00	1550		1014.4			22			-		-

							31° 00' E	(Only N2 Fix)

		

30.09.1999	04:40	08:50		W. Black Sea	41° 34' N	L34L12	650		1017.6			22			12		N	

							29° 12' E	(Cancelled)



30.09.1999	08:50	08:55		W. Black Sea	41° 22.6' N	L22.6L08.75	-		1018.9			25			16		N

							29° 08.75' E	(Only N2 Fix)

__________________________________________________________________________________________________________________________________________________________
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Figure II.1. Location of the stations for the R/V Bilim Autumn 1999 Cruise, 2nd  Leg.

                   (Long stations were marked with filled circles). 









     II.1. Research Objectives



     The NSF supported project to Harvard University (J.J. McCarthy, P.I.) is designed 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. The objectives and the proposed work of the programme:



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



Determine nitrate and ammonium uptake kinetics,



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



The objectives of the Turkish national programme “Dynamics of the Lower Trophic Levels of the Black Sea: Biochemical Processes and System Modeling” are:



To describe the physical and biochemical processes, explain and understand the mechanisms involved, determine the extent of the predicability of the system on time scales of weeks to months, and space scales from several kilometers to several hundreds of kilometers (i.e., meso-scale),
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To accumulate quantitative understanding of the interactions between physical and ecosystem processes,



To further develop or reconstruct coupled biochemical-physical interdisciplinary models to predict the variability of the lower trophic levels of the deep water and the coastal ecosystems as they are affected by anthropogenic forcing, synoptic variability, and climate fluctuations,



Interactions between the physical, biological and chemical processes of the oxic, suboxic and anoxic layers including the dynamics of nitrogen fluxes among nutrient and particulate pools and lower trophic levels,



Parameterization and estimation of growth, grazing, mortality and reproduction rates of plankton, especially in conjunction with the environmental conditions (for phytoplankton) and the diet composition and availability of food (for zooplankton),



Spatial changes in the primary production, based on the algorithms for connecting satellite image (SeaWifS) data with in situ chlorophyll-a and photosynthesis rates,



Exchanges between the coastal seas, shelf seas and the Black Sea interior, including those induced by the Rim Current instabilities and cross-shelf structures. 





     The research objectives of the above mentioned projects were generally taken into account during sampling, data collection, setting up the experiments, timing. The coverage of both the western and the eastern basins could not be performed due to harsh weather conditions. 

�
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     II.2. Participants of R/V Bilim Autumn 1999 Cruise, 2nd Leg
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1- Dr. Aysen Yilmaz (Chief Scientist, Chemistry, METU-IMS)

2- Dr. Ahmet Erkan Kideys (Biology, METU-IMS)

3- Yesim Coban Yildiz (Chemistry, METU-IMS)

4- Elif Eker (Biology, METU-IMS)

5- Mehmet Yayla (Chemistry, METU-IMS)

6- John Nevins (Biology, Harvard University-USA)

7- Jessica A. Morgan (Biology, VIMS-USA)

8- Saim Cebe (Technician, Chemistry, METU-IMS)

9- Esabil Kakac (Technician, Chemistry, METU-IMS)

10- Mehmet Demirel (Electronic Engineer, METU-IMS)

11- Mustafa Asar (Technician, METU-IMS)

12- Ahmet Ayhan (Technician, METU-IMS)

13- Ethem Dipli (Technician, METU-IMS)
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�     II.3. Research Programme and Work Done



      During R/V Bilim Autumn 1999 Cruise, 2nd Leg, 9 stations were visited. Hydrographic measurements and sample collection were done at 3 long stations ( 14 - 41 h,  5-25 casts), 6 short stations (5-30 min, 1-2 casts) (See Table II.1). “Long stations” provided sampling at first light (FL), mid-day (MD) and night time (NT) in order to obtain data over a full diel cycle. The diel cycle could not be completed at the third long station (Sta. M15R45). “Short Stations”  were sometimes provided only CTD data and standard hydrochemical data. The parameters measured and the experiments performed for each cast and for each station are listed in Appendix A. One extra long station (Sta M15L15) in the western central gyre of the Black Sea was performed and similar work was done as defined in this section during 3rd Leg (See Section III and Appendix B). For comparison purposes two more long stations (one in the Sea of Marmara, Sta K46L00 and one in the north eastern Mediterranean, Sta F15L00 which is located in the Rhodes cyclonic gyre) were performed during the 3rd Leg (See Section III and Appendix B for the details).     



     II.3.1. Daylight and Downward Light Measurements



      Photosynthetic Active Radiation (PAR) measurements were done using ordinary PAR-meter (Quantameter) which is combine of LI-1000 Data Logger and LI-192SA Underwater Radiation Sensor. This instrument measures the light within the range of 400-700 nm, in µE m-2 s-1 unit. The underwater sensor can be used for the instant measurements of the downward light in the water column. This instrument was air calibrated and it was placed on the upper deck of the vessel for the continuous measurement of daily light during the 2nd Leg. The downward light measurements in the water column have been proceeded down to 0.1 % light depth using LI-1800 Under Water Spectroradiometer. The details of the downward light measurements are given in Section III. A brief information about downward light measurements was included in Appendix A. Sampling depths in the euphotic zone (EZ) were selected according to the light data ( as 100 (surface),  60,  (36),  22,  8,  3,  1,  0.1 percent light depths(  and extra sample(s) from fluorescence maxima and some other features were also collected in the euphotic zone and below the euphotic zone for chemical and biological parameters. 



     A Secchi Disk (SD) was attached to the CTD frame and its extinction depth was observed at all stations during day time and the results are presented in Appendix A. 

  

     II.3.2. CTD Casts and Standard Chemical Parameters



The hydrographic data (Potential Temperature, Salinity and Density/Sigma-theta) were collected using a Sea-Bird Model 9 CTD probe. In situ fluorescence & light transmission data were obtained from the devices attached to CTD probe. Water samples were collected with General Oceanic Go-Flo Rosette bottles equipped with silicone rubber bungies attached to the CTD at selected sigma-t depths below the euphotic zone (See Appendix A). The following standard chemical parameters have been measured in sea water samples: 

pH

Dissolved Oxygen (DO) (Detection Limit <5 µM)

Hydrogen sulfide (H2S) (Detection Limit <1 µM)

NO3 (Detection Limit =0.05 µM)

NO2 (Detection Limit =0.05 µM)

NH4 (Detection Limit =0.5 µM)

PO4 (Detection Limit =0.015 µM)

Reactive Silicate (Detection Limit =0.2 µM)
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     The analysis of nutrient samples were immediately carried out on board using a Technicon Model two-channel Autoanalyzer. The colorimetric methods followed were similar to those described by Strickland & Parsons (1972) and Grasshoff et al., (1983). Dissolved oxygen (DO) and H2S concentrations were also determined on board using conventional Winkler and iodometric titration (Baştürk et al., 1994) methods respectively while low H2S concentrations were determined by the colorimetric method (Cline, 1969). 



     II.3.3. 15N Uptake Experiments



 Nitrogen uptake rates for NO2�, NO3�, NH4+ were determined following general protocols described in elsewhere (Mc Carthy et al., 1996). For this project, samples were collected through out the euphotic zone at standard sampling depths corresponding to the 60, 22, 8, 3, 1 and 0.1% light depths, and incubated in polycarbonate incubation bottles (1.25 L capacity). 15N substrates were added at 10% of ambient concentration, based on preliminary results from the autoanalyzer system, but not less than 3 nM. Samples were incubated for a period of 4Ğ6 h in on deck Plexiglas tanks provided with flowing sea surface water. Neutral density screen bags were used to simulate ambient light levels from the depths at which samples were collected. Whenever possible three sampling time were conducted throughout the day at first light (FL), midday (MD) and at night (NT) in order to permit an assessment of uptake rates integrated through one full diel cycle. In addition to the euphotic zone samples, additional experiments were conducted at some stations with water collected from such features as chlorophyll-a maxima and specific density layers within the suboxic zone in order to access N uptake rates and NH 4+ remineralization and oxidation rates within these features (See Appendix A). These samples were incubated in the dark at 8¡ C. All incubations were terminated by filtration onto combusted (2 h, 400 ¡C), 25 mm Whatman GF/F glass fiber filters, dried in a gravity oven at 60 ¡C for several days , and stored in a desiccator for later analysis by Mass Spectrometry.



15N2-Fixation: The water samples were collected by 5 L Niskin bottles and incubated in 300 mL pyrex bottles which were filled to overflowing before being carefully sealed with a septum cap. A gas-tight syringe was used to inject 0.25 mL of 15N2 (99 %) into the bottle. The bottles were than incubated in a deck incubator covered with neutral density screening. After 4-6 hours, the samples were filterd on precombusted glass fiber filters and kept dried till analysis with isotope-ratio mass spectrometer. 15N2 fixation experiment could not be performed at every long station (See Appendix A)  

�

     II.3.4. nM Ammonia Analysis



     In support of the NH4+ uptake rate experiments, [NH4+] was determined to nM levels (± 4 nM under the field conditions of this study) following protocols based on the method of Brzezinski as we have described elsewhere (Mc Carthy et al., 1996). These analyses greatly improve the precision of the uptake rate measurements when ambient concentrations of NH4+ approach the limit of detection for conventional methods (Mc Carthy et al., 1992). In the present study of the Black Sea, virtually all euphotic zone samples analyzed by this method fell below 50 nM, a factor of 10 below the autoanalyzer limit of detection. 
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     II.3.5. Primary Production (PP) and Nutrient Enrichment Experiments



      Primary production rates in the upper water column of the Black Sea were measured at all long stations during R/V Bilim Autumn 1999 Cruise 2nd Leg (See Appendix A). The water samples were collected down to 0.1% light depth and in some cases even more deeper layers were sampled according to in situ fluorescence and light transmission profiles.



     The rates of carbon fixation by phytoplankton in the samples taken from the selected light depths (See Section II.3.1.) were determined by tracing the conversion of dissolved inorganic radioactive carbon (14C) into particulate organic carbon. The original methodology (Steemann-Nielsen, 1952) was followed with slight modifications (Richardson, 1991). Simulated in situ incubation under sunlight using a constant temperature water bath (surface seawater was pumped into these Plexiglas tanks) and incubation under artificial growth conditions were performed.  Simulated in situ PP measurements included an incubation from mid-day to sunset or 12 hours (from sine rise to sunset)  and the samples from deeper layers were placed in neutral density screen bags transmitting percentages of incident light equivalent to the sampling depths. Total alkalinity and CO2 content of water samples from the same depths were determined to have the background level of 12CO2 content. 



     Nutrient Enrichment Experiments: 



     Bio-assay experiments have been set up using water samples collected from selected depths (e.g. fluorescence maxima) (See Appendix A). Appropriate amount of nutrients (PO4, NO3, NH4, Si) were added separately and all together (the PNS sample). Such experiments were performed under artificial light conditions (incubator) and daily subsamples were collected from the samples incubated under natural light conditions (in Plexiglas tanks). Growth efficiency was determined by the change of carbon production rates using 14C-technique. 



      Determination of Limiting Nutrient (Indirect Method):



     Determination of limiting nutrient (indirect method) water samples were collected from the selected depths (e.g. fluorescence maxima) (See Appendix A). Appropriate amount of dissolved nutrients (PO4, NO3, NH4 and Si) were added into 3 L transparent bottles (both separately and as cocktail solutions which were prepared mixing all nutrients and called as PNS sample). Initial nutrient concentrations were measured using autoanalyzer. Long-term incubations (up to 3 days) were applied using simulated in situ light conditions and sub-sampling was done for nutrient analysis at every 2-6 hours intervals. A control bottle was also incubated for background information.



      II.3.6. Chlorophyll-a as an Index of Phytoplankton Biomass



     The measurements of Chlorophyll-a (Chl-a) and Phaeopigments-a required water samples of about 1-3 litres from the same depths of  PP measurements plus some extra depths which were selected according to in situ fluorescence profile (See Appendix A). Samples were collected on GF/F filters and kept frozen (-20 °C, max 1 month) until the analysis at Institute laboratories. Filters were then extracted with 90% acetone solution. The fluorescence intensity of clear extracts was then measured (JGOFS Protocols, 1994), using a Hitachi F-3000 Model spectrofluorometer. A commercially available Chl-a standard obtained from Sigma was used to quantify the sample intensities.
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     II.3.7. Bacterio-chlorophyll e as an Index of Anoxygenic Photo-autotrophic 

                Bacterial Biomass



     3-5 litres of sea water samples collected from selected depths (See Appendix A) were filtered through 47 mm glass fibre filters (GF/F). Sampling frequency has been increased in the sub-oxic/anoxic interface due to the accumulation of anoxygenic photo-autotrophic bacterial biomass in the chemocline. Filters were frozen and stored at -20 °C until analysis. The acetone extraction and further analysis using HPLC (or fluorometric method, Coble et al., 1991) will be performed in the Institute laboratories following the method described by Repeta et al., 1991.  



     II.3.8. Heterotrophic Bacteria, DOC, DOC Utilization 



     The determination of the biomass of heterotrophic bacteria, Dissolved Organic Carbon (DOC) concentrations in the water column and DOC utilization experiments was performed by Jessica A. Morgan, from Virginia Institute of Marine Science, Gloucester Point, Virginia, USA. The sampling programme was given in Appendix A.



     Aim was to improve the understanding of upper layer heterotrophic bacterial processes in the Black Sea by quantifying heterotrophic bacterial biomass, and dissolved organic carbon concentration (DOC), and by estimating bacterial utilization of DOC and bacterial growth rate from incubation experiments.



     Objectives:



     Bacterial Biomass:	To measure heterotrophic bacterial cell abundance as an estimate of bacterial biomass in the upper layer (euphotic zone to upper anoxic layer) of the Black Sea.



     Dissolved Organic Carbon:  To measure the abundance of dissolved organic carbon in the upper layer of the Black Sea.



     Bacterial Utilization of DOC:  To measure bacterial biomass and DOC concentration over time as an estimate of bacterial utilization of DOC and bacterial growth efficiency in the surface layer of the Black Sea.



     Bacterial Growth Rate:  To measure the increase of bacterial biomass over time as an estimate of bacterial growth rate in the surface layer of the Black Sea.



     Nutrient Addition Bioassay:  To determine the effects of inorganic nutrient addition (PO4, NO3, NH4, Si, all) on bacterial biomass and estimated growth rate.



     Methods:



     Bacterial Biomass (Het-Bac): For each sampled depth, 40 mL of seawater was immediately fixed in 50-mL centrifuge tubes containing one mL of glutaraldehyde (0.2 µm sterile filtered, 25%) for a final volume of about 1.25% GCHO.  Five to 20 mL of fixed sample was pipetted and filtered onto polycarbonate black membrane filters (0.22 µm, 25 mm diameter) using a microfiltration filter funnel apparatus.  To stain the bacterial cells, 200 µl acridine orange (0.2 µm sterile filtered, 0.02%) solution was added and filtered.  The filter was then mounted on a glass slide between two drops of immersion oil and a cover slip.  Control “blank” slides were made using 0.2 µm filtered sterile distilled water to use as a baseline.  Slides were frozen and stored at -80° C.
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     Dissolved Organic Carbon (DOC):For each sampled depth, duplicate sub-samples of 15 mL seawater were added to pre-combusted glass scintillation vials with acid-washed (HCl, 10%) teflon-lined caps.  Vials were immediately frozen and stored at -80° C.



     Bacterial Utilization of DOC (DOC Util Ex): Utilization will be estimated by the increase in bacterial biomass and concomitant decrease in DOC concentration in duplicate dark incubation bottles (whole seawater).  To estimate losses due to grazing, duplicate bottles of 0.8 µm filtered seawater were also incubated.  All bottles were incubated on-deck, at ambient surface seawater temperatures (23 to 25.5° C).  For the control series (duplicate bottles), 2 L of surface whole seawater was added to dark (taped), acid-washed (HCl, 10%) 2 L polycarbonate bottles.  For the filtered series (duplicate bottles), 2 L of surface whole seawater was filtered in 500 mL aliquots through acid-washed polycarbonate membrane filters (0.8 µm, 47 mm diameter) using acid-washed plastic gravity filtration devices.  The filtrates were then added to dark, acid-washed 2 L polycarbonate bottles.  Subsamples for bacterial biomass (40 mL) and DOC concentration (15 mL, duplicates) were taken initially and daily for 9 days.  Slides for biomass were made as above, frozen, and stored at -80° C.  Vials for DOC were immediately frozen and stored at -80° C.



     Bacterial Growth Rate (Growth Ex):Bacterial growth rate will be estimated by the increase in bacterial biomass over time in duplicate dark incubation bottles (whole seawater).  All bottles were incubated on-deck, at ambient surface seawater temperatures (23 to 25.5° C).  250 mL of surface whole seawater was added to dark (taped), acid-washed (HCl, 10%) 250-mL polycarbonate bottles.  Subsamples for bacterial biomass (40 mL) were taken initially and daily for 5 days.  Slides for biomass were made as above, frozen, and stored at -80° C.



      Nutrient Addition Bioassay (Nut Add Ex):  Whole surface seawater was added to 6 separate  5 L clear PET bottles with the following nutrient additions: Control, no addition; PO4, 1 µM final concentration; NO3, 5 µM; NH4, 1 µM; Si, 7 µM; PNS, all nutrients.  All bottles were incubated on-deck, at ambient surface seawater temperatures (23 to 25.5° C).  Sub-samples for bacterial biomass (40 mL) were taken initially and daily for 3 days (Station 1) and 5 days (Station 2).  Slides for biomass were made as above, frozen, and stored at -80° C.



     II.3.9. Phytoplankton and Zooplankton Study



     Three basic biological parameters namely Zooplankton, Phytoplankton, and Cyanobacteria (Synechococcus spp.) were determined. Below are the information how the samples were collected (See also Appendix A), being treated on board the ship and will be analysed later in the laboratory.  �PRIVATE ��



     �PRIVATE ��Phytoplankton�tc  \l 1 "Phytoplankton"�: Water samples from various depths of interest were collected through a Rosette sampler attached with a CTD probe during the survey. Water samples were poured into one litre dark glass bottles and fixed with 31% buffered formaldehyde to retain a final concentration of  2.5% for the long term storage. Labels including necessary information such as, station, code, date, time and sampling depth were stuck on the bottles. Bottles were then kept standing in the laboratory over a period of 3-4 weeks for settling. Supernatant water overlaying the settled particles were siphoned using fine tubes. The remaining water was gently agitated and poured into smaller bottles. These bottles were allowed to settle for an additional 2 weeks and the supernatant water was discharged from the top with injector. The remnant (about 10-15 mL) was transferred to smaller flasks for enumeration.
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     A Nikon inverted microscope will be used for identification and enumeration of phytoplankton cells. Depending on the size of the cells both Palmer-Maloney and Sedgewick-Rafter counting chambers will be used. In the enumeration of cells smaller than 15µm (nanophytoplankton) 0.01 mL water is dropped on a slide and cells are counted. Rare, big species are enumerated in the whole camera, while abundant  species are counted in some part of the camera.. In the calculation of the coefficient  K, the following formula is used; K= V2 x V1/ V3 x 1000, where V1= Volume  of initial sample ( in mL ) V2= Volume of sample after sedimentation (in mL ) V3= volume of camera for cell counting (in mL ). The cell number counted on the camera is multiplied by K in order to obtain abundance of each species in one litre of  seawater sampled.  



     The diameter, length and width of each cell are measured in order to calculate biomass. A computer program written by Dr. A. Mikaelyan (P. P. Shirshov Institute of Oceanology, Russia) is utilised for the calculation of biomass of miscellaneous taxa at each station.





      Cyanobacteria (and Heterotrophic) bacteria counts: For bacteria counts, water samples from various depths of interest were collected through a rosette sampler attached with a CTD probe during the survey. Water samples were drawn from the closing bottles into precleaned 50 mL dark coloured polyethylene bottles and preserved with 1 mL Glutaraldehyde (25%). 10 to 20 mL aliquots from each sample were filtered onto 25 mm diameter, black, polycarbonate, nucleopore membrane filters having 0.2 mm pore size. 200 µl Acridine Orange (0.02%) was added to the sample at the time when 5 mL remained in the tower. The filter is then fixed over a slide with cover slips using immersion oil. The slides were then kept in slide boxes in the freezer till counting. Counts are performed on a Nikon epifluorescent microscope at 1000x magnification with a filter combination of B-2A (DM 505, EX 450-490, BA 520) and G-1A (DM 575, EX 546/10, BA 580). Cells are counted in at least 40 randomly chosen microscope fields. Results are given as number of cells/mL. The details of the determination of heterotrophic bacteria biomass is also given in Section II.3.8.





      Zooplankton: Zooplankton samples were collected with a closing Nansen net (mouth opening 70 cm, mesh size 112  µm) via vertical hauls from the depth strata given in Table II.2. Macrogelatinous zooplankton (i.e. Mnemiopsis leidyi, Aurelia aurita and Pleurobrachia pileus) were sieved through 2 mm mesh and counted. The volume of Mnemiopsis and the diameter of Aurelia and Pleurobrachia were measured. These data were converted to biomass (g WW) using Z. Romanova’s (unpublished data) equation for the former and Mutlu equations for the latter two (Mutlu, 1994). Mesozooplankton samples were fixed with a 4% buffer solution of formaldehyde and will be analyzed later at the Institute’s laboratories for species composition under a microscope using routine techniques.
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Table II.2. Sampling for zooplankton during R/V Bilim Autumn 1999 Cruise, Leg-2.

Date�Station�Cast (�Time�Depth Interval (From-to, m)��23.09.1999�L31M59�1�14:00�60 - 28����2��85 - 60����3��110 - 85����4��145 - 110����5��145 - 0����6��28 - 0��24.09.1999�L31M59�1�01:00�145 - 0����2��28 - 0����3��60 -28����4��85 - 60����5��110 - 85����6��145 - 110 ��24.09.1999�L31M59�1�21:00�145 - 0����2��28 - 0����3��60 - 28����4��85 - 60����5��145 - 110����6��110 -85��26.09.1999�M45T45�1�08:00�150 - 0����2��150 - 0��26.09.1999�M45T45�1�09:00�82 - 58����2��20 - 0����3��112 - 82����4��136 - 112����5��58 -20��26.09.1999�M45T45�1�14:00�136 - 0����2��20 - 0����3��58 - 20����4��82 - 58����5��112 - 82����6��136 - 112��26.09.1999�M45T45�1�18:00�82 - 58����2��112 - 82����3��58 - 20����4��20 - 0����5��136 -0����6��136 -112��26.09.1999�M45T45�1�23:00�136 - 0����2��20 - 0����3��58 - 20����4��82 - 58����5��112 - 82����6��136 -112��28.09.1999�M015S15(B)�1�10:00�70 - 0���M06S14(D)�1�11:00�150 - 0���M15R45�1�20:00�200 - 0���M15R45�1��22 - 0��     II.3.10. Particulate Organic Matter (POM), Pyrolysis GC-MS and

                  15N-Natural Abundance in POM



      POM: During the Autumn 1999 Cruise, 2nd Leg, sampling for POM has been performed (See Appendix A) to understand the elemental composition of the Black Sea seston, and to solve the reasons of N/P anomalies, observed previously. POM is one of the important parameters to investigate the biochemical processes in the euphotic zone, and is also useful as a supporter  parameter for such studies as primary production and new production. The sampling locations were selected to study the different mechanism deriving the vertical distribution of POM in the eddies and in the Rim Current region in the Black Sea. In the euphotic zone, the sampling depths were usually the same as the sampling depths for primary production and new production experiments, including the fluorescence maximum. Below the euphotic zone, the sampling was carried out to make a full profile down to the suboxic-anoxic interface and as well as in the anoxic layer, considering such features as deep-fluorescence maximum, light transmission minimum and specific density surfaces. 5-10 litres of seawater samples (volume depends on sampling depth and location) were first filtered through 200 µm nylon mesh to remove zooplankton and large particles. Then they were filtered through 47 mm, 0.7 µm pore-size pre-combusted (3-4 hrs, 450 °C) GF/F filters under low vacuum. The filters were kept frozen during the cruise period. The analysis will be done at Institute’s labs. POC and PON samples are dried at 50-60 °C overnight and then exposed to concentrated HCl fumes to remove inorganic carbonates. Filters are dried again and kept in a vacuum desiccator until analysis by the dry combustion method (Polat & Tuğrul, 1995), using a Carlo Erba Model 1108 CHN element analyzer. The PP samples are first exposed to dry combustion at 500 °C for 2 hours and then treated with 10 mL of 2N HCl  for 10 hrs and filtered (Polat & Tuğrul, 1995). After the adjustment of pH to 8.0, the oxidized phosphorus in the solution is determined colorimetrically by the routine ortho-phosphate method.



     Pyrolysis GC-MS: Although such parameters as the TOC, the POM, the C/N ratio and the chlorophyll-a concentration are very important in providing information about the characteristic and behaviour of particulate matter in the marine environment, the structure and the origin of the particulate material should be well understood. For this goal, high volume POM sampling was carried out to be analyzed later, by pyrolysis-GC/MS technique. This study is expected to provide an analytical approach to characterize the seston and observe the marker compounds for such different particulate structures as phytoplankton, microzooplankton, aggregated bacteria and anthropogenic sources. The sampling strategy and preservation technique were the same as used for the POM samples, but the sampling volume was increased (10-20 litres of seawater) in order to obtain sufficient material for the pyrolysis-GC/MS  analyses.



     Other than these two main studies, nutrient addition experiments were set up to help one to understand the changes in Redfield ratios and chemical composition of the living particulate with different nutrient enrichment. These experiments were carried out at some critical stations and depths (See Appendix A). In general, 5 L transparent bottles were incubated in the Plexiglas tanks under sunlight for half a day. Sub-sampling for nutrient analysis before and after incubation were performed in order to determine the amount of utilized nutrients. Isotopic dissolved nutrients (both 15NO3 and 15NH4) were added to the large volume (5 L) samples to detect the changes in the chemistry of seston using GC/MS techniques. 



      15N-Natural Abundance in POM: Samples were collected using 5 L Niskin bottles and filtered through precombusted GF/F filters, till enough material for isotopic analysis was collected on the filters. The sampling depths were similar to POM depths. The filters were kept at  20 °C on board, dried in lab at 50 °C and kept in vacuum desiccator until analysis. Nitrogen isotopic ratios will be determined using isotope-ratio mass spectrometer.
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     Zooplankton 15N-Natural Abundance: Zooplankton from discrete depths were sampled by zooplankton net. The samples were screened through 2000 µm mesh to separate gelatinous zooplankton and individuals larger than 2000 µm. When the sample size is sufficient, they were size-fractionated through 100-500, 500-1000 µm mesh. The samples were kept frozen on board and kept dried in the lab till analysis. Before analysis, heterogenous zooplankton sample is ground to a powder. To measure carbon and nitrogen content, samples are first acid-fumed, then Dumas combustion technique is applied. Nitrogen-isotope ratios are determined using isotope-ratio mass spectrometer.



     II.3.11. 15N-Natural Abundance Seawater Samples 



     Water samples were collected by 5 L Niskin bottles and kept acidified in 0.5-2 L HDPE bottles. Nitrogen isotopic composition of NO3 is measured following ammonia diffusion (Sigman et al., 1997) method. The method involves: 1- Sample concentration, 2- Conversion of nitrate to ammonia using Devarda s alloy, 3- The gas-phase diffusion of ammonia onto acidified glass fibber disk and isotopic measurement with isotope-ratio mass spectrometer. NH4 and NO2  is measured using mass spectrometer after solid phase extraction (McCarthy et al., 1996) following the method of Brzezinsky (1987).





     II.4. Concluding Remarks



The 2nd Leg of R/V Bilim Autumn 1999 Cruise mainly covered the eastern Black Sea; the western stations could not be visited due to harsh weather conditions. Three long and six short stations were visited during the 2nd Leg and one extra station in the western central gyre was performed during the 3rd Leg dealing with the same purposes and objectives of the joint programmes. Some measurements such as N2 fixation by micro-organisms, DOC utilization by heterotrophic bacteria, biological markers in the particulate organic matter,  15N-Natural abundance in particulate organic matter and sea water etc. were done for the first time in the Black Sea.
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