REPORT
ON THE EXECUTION OF MARINE RESEARCH IN THE BERING
STRAIT, EAST SIBERIAN AND THE CHUKCHI SEA BY THE
RUSSIAN-AMERICAN EXPEDITION UNDER THE PROGRAM OF
"RUSALCA" DURING THE PERIOD FROM 23 AUGUST THROUGH
30 SEPTEMBER, 2009

This report presents the description of expeditionary works and field
explorations, as well as the preliminary results of analysis of the data obtained by
the Russian-American expedition in the Bering Strait, East Siberian and the
Chukchi Sea during the period from 23 August through 30 September 2009 under
the "RUSALCA" program (The Joint Russian-American Long-term Census of the
Arctic (RUSALCA)).

Within the frameworks of preparation of the expedition, the following works
have been accomplished:

— the program of marine scientific research have been elaborated;

— the authorisation have been obtained from the Federal agency for science
and innovations, for the accomplishment of marine scientific research;

— technical facilities for the execution of comprehensive research have been
prepared.

Primary objective of the project
Primary objectives of the expedition, as well as scientific goals which
determined the programme of works included:
— determination of thermohaline structure and dynamics of water masses in the
East Siberian and the Chukchi Seas and the Bering Strait;
— investigation of thermodynamic processes in the frontal zones for the
purpose of determination of vertical and horizontal scale of heat-haline convection;
— evaluation of heat-mass exchange processes between water masses of the
various origins;
— 1investigation of the processes of transformation of water masses within the
district of the East Siberian and the Chukchi Seas and the Bering Strait;
— determination of the influence of wind-wave mixing upon the structure of
waters;
— monitoring of seasonal changes of water masses for the purpose of
investigation of the variability of waters and testing of oceanographic models;
— Evaluation of boundaries of the district featuring a high concentration of
biomass of ground invertebrates in the East Siberian and the Chukchi Sea.



Tasks of the Expedition
Based on the formulated objectives, the following tasks were to be solved by the
expedition during the year of 2009:

— recovery of the three autonomous buoy-based stations, deployed during the
year of 2008 within the territorial waters of the Russian Federation and five
autonomous buoy-based stations within the territorial waters of the USA;

— deployment of the three autonomous buoy-based stations within the
territorial waters of the Russian Federation and five autonomous buoy-based
stations within the territorial waters of the USA;

— vertical profiles of temperature, conductivity, fluorescence, light
transmission, CDOM fluorescence and water samples along transects of stations in
the northern Bering Sea, western and eastern channels of Bering Strait and several
transects across the Chukchi Sea using Rosette system,;

— acoustic sounding of seabed for the purpose of investigation of underwater
congelation and availability of gaseous-hydrates within the sedimentary layer;

— sampling of bottom for the evaluation of the district featuring a high
concentration of biomass of bottom invertebrates in the East Siberian and the
Chukchi Seas;

— video filming of the sea bottom surface.
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LIST OF PARTICIPANTS OF THE EXPEDITION

50 scientists and specialists from 6 countries (Russia, USA, Germany, Great
Britain, Canada and Korea) took part in the expedition.

Table 1 — List of participants during the Leg 1

Ne Name and surname Country Science group Organisation
1. | Aleksey Ostrovskiy | Russia Oversight Group Alliance
2. | Alexander Bosin Russia Geology POI, RAS

3. | Alexander Kolesnik | Russia Geology POI, RAS

4. | Alexander Savvichev | Russia Microbiology INMI, RAS




5. | Alexey Sazonov Russia ROV VNIIO
6. | Alexey Sherbinin Russia Deck equipment | FERHRI
7. | Boris Smirnov Russia ROV VNIIO
8. | Dan Naber USA Moorings U. of Alaska
9. | Daria Petrova Russia Fish fauna ZIN, RAS
10. | David Leech USA Moorings U. of Alaska
11. | Dmitry Korshunov Russia ROV VNIIO
12. | Elena Zakharova Russia Microbiology INMI, RAS
13. | Elizaveta Ershova USA Zooplankton SIO, RAS
14. | Elena Bondareva Russia Moorings AARI
15. | Evgeny Vekhov Russia Deck equipment | FERHRI
16. | Iouri Pashchenko Russia Deck equipment | FERHRI
17. | Jeff Jones Canada Reporter Reuters
18. | Kathleen Crane USA Oversight NOAA
19. | Kevin Taylor USA Moorings U. of Alaska
20. | Kevin Wood USA Logistics U. of Washington
21. | Konstanin Russia Geology POI, RAS
Kramchanin
22. | Marshall Swartz USA CTD-Rosette WHOI
23. | Michael Kong USA Moorings U. of Alaska
24. | Natalia Chernova Russia Fish fauna ZIN, RAS
25. | Petr Strelkov Russia Epibentos ZIN, RAS
26. | Rebecca Woodgate Great Chief scientist | U. of Washington
Britain
27. | Sergey Yarosh Russia Deck equipment | FERHRI
28. | Stanislav Denisenko | Russia Epibenthos ZIN, RAS
29. | Terry Whitledge USA Science U. of Alaska
coordinator
30. | Vladimir Bakhmutov | Russia Head of Nav-Hydrographic
Expedition institute, RF MoD
31. | Wendy Ermold USA Moorings U. of Washington

Table 2 — List of participants during the Leg 2

No Name and surname Country Science group Organisation
1. | Aleksey Ostrovskiy | Russia Oversight Group Alliance
2. | Alexander Bosin Russia Geology POI, RAS

3. | Alexander Kolesnik | Russia Geology POI, RAS

4. | Alexander Savvichev | Russia Microbiology INMI, RAS




5. | Alexey Sazonov Russia Sonar, ROV VNIIO

6. | Alexey Sherbinin Russia Deck equipment | FERHRI

7. | Boris Smirnov Russia Sonar, ROV VNIIO

8. | Brenda Holladay USA Fish fauna U. of Alaska

9. | Catherine USA Fish fauna Point Stephens
Mecklenburg

10. | Christine Gleason USA Fish fauna U. of Alaska

11. | Christine Patrick USA Outreach NOAA

12. | Cornelia Jaspers Germany Zooplankton U. of Alaska

13. | Daniel Torres USA CTD-Rosette WHOI

14. | Daria Petrova Russia Fish fauna ZIN, RAS

15. | Dmitry Korshunov Russia Sonar, ROV VNIIO

16. | Elena Zakharova Russia Microbiology INMI, RAS

17. | Elisaveta Logvina Russia Geology VNIIO

18. | Elizabeth Carvellas USA Benthos U. of Maryland

19. | Elizaveta Ershova USA Zooplankton SIO, RAS

20. | Elena Bondareva Russia CTD AARI

21. | Evgeny Vekhov Russia Deck equipment | FERHRI

22. | Hyoung Min Joo Korea Phytoplankton | KOPRI

23. | Iouri Pashchenko Russia Deck equipment | FERHRI

24. | Jacqueline Grebmeier | USA Benthos U. of Maryland

25. | Jared Weems USA Epibenthos U. of Alaska

26. | Kevin Wood USA Oversight NOAA

27. | Konstanin Russia Geology POI, RAS
Kramchanin

28. | Ksenia Kosobokova | Russia Zooplankton SIO, RAS

29. | Marlene Jefferies Canada CO2 BIOS

30. | Marshall Swartz USA CTD-Rosette WHOI

31. | Michael Kong USA Productivity U. of Alaska

32. | Morgan Busby USA Fish fauna NOAA

33. | Natalia Chernova Russia Fish fauna ZIN, RAS

34. | Petr Strelkov Russia Epibenthos ZIN, RAS

35. | Robert Pickart USA CTD-Rosette WHOI

36. | Russell Hopcroft Canada Zooplankton U. of Alaska

37. | Sang H. Lee Korea Productivity KOPRI

38. | Sarah Mincks USA Fish fauna U. of Alaska

39. | Sergey Yarosh Russia Deck equipment | FERHRI

40. | Stanislav Denisenko | Russia Epibenthos ZIN, RAS

41. | Sue Moore USA Marine NOAA




mammals

42. | Terry Whitledge USA Chief scientist | U. of Alaska

43. | Vladimir Bakhmutov | Russia Head of Nav-Hydrographic
Expedition institute, RF MoD

EXPEDITIONARY WORKS

The works during the expedition were carried out in the Bering Strait, the
East Siberian and the Chukchi Seas during two legs.

Legl

On the 23 of August, 2009, at 20.35 (here and hereinafter local time of
Nome is used as the ship’s time), after the completion of embarkation of the
equipment and taking the participants in the expedition aboard, the Research
Vessel (RV) "Khromov" left the port of Nome for passage to the area of
destination, where the automated buoy-based stations in the Bering Strait were
deployed in 2008.

During the period from 16.05 through 18.25 on the 24 of August, three
automated buoy-based stations were taken aboard in the western part of the Bering
Strait within the territorial waters of the Russian Federation.

During the period from 09.00 through 18.25 on the 25 of August, five
automated buoy-based stations were taken aboard in the eastern part of the Bering
Strait within the territorial waters of the USA.

During the period from 12.12, on the 26 of August, through 10.17, on the 27
of August, five automated buoy-based stations (A3-09, A2-09, A4-09, A4W-09 u
A2W-09) were deployed in the eastern part of the Bering Strait within the
territorial waters of the USA.

During the period from 12.00 through 15.42, on the 27 of August, three
automated buoy-based stations (A1-3-09, A1-1-09 u A1-2-09) were deployed in
the western part of the Bering Strait within the territorial waters of the Russian
Federation.

During the period from 09.45, on the 28 of August through 03.52, on the 30
of August, the CTD measurements were performed, along with the sampling of sea
bottom and water in the sections BC1 — BC24 and AL1 — AL24.

After the completion of the works on the September 2, at 09.15, the vessel
arrived to the port of Nome for the change of the scientific equipment and the
participants of the expedition.

Leg 2



On the 3 of September, 2009, at 08.48 RV "Khromov" left the port of Nome
for passage to the district of destination.

During the period from 4 through 17 of September, RV "Khromov" was
working on the combined oceanological stations in the sections CS, CEN, LS, SS,
WN, HC.

During the period from 19 through 21 of September, RV "Khromov" was
working on the pockmark area (77°29,2'N [I=166°21,6"W) with the use of the side-
scan sonar and on the geological stations in the section GD1 — GDS.

After this work during the period from 22 through 29 of September RV
"Khromov" was working on the combined oceanological stations in the section
SL1, SL2, X1 -X7,CL1-CL10, CS1-CS17, BS2,8,22.

After the completion of the work on the 30 of September the vessel arrived
at the port of Nom for disembarkation of the scientific equipment the participants
of the expedition.



General Cruise Objectives

A series of hydrographic transects were taken to allow sampling of all water masses
during this summer period. A high priority of the hydrographic survey was to collect
samples across Bering Strait in support of the Russian and American mooring(s) in
western Bering Strait during leg 1 and to collect a series of high-speed transects
across Herald Valley and to enhance the knowledge of faunal distributions for census
of marine life during leg 2. The long-term goal is to obtain continuous and
comprehensive monitoring within Bering Strait for several years which would require
routine access to the eastern and western portions of the study area for scientific
operations. The hydrographic, biochemical and productivity sampling were
integrated from all stations sampled and the data from US and Russian collaborators
were combined for the joint assessment of climate change, water mass properties

and census of marine life in the Arctic.



Hydrographic, Velocity, and Video Plankton Recorder Measurements

R.S. Pickart, H.M Swartz, and D.J. Torres, Woods Hole Oceanographic Institution

E. Bondareva, Arctic and Antarctic Research Institute

Introduction

The physical oceanographic component of RUSALCA-2009 leg Il consisted of an investigation of the
circulation and water masses of the Chukchi Sea using vertical profile measurements, with particular
emphasis on Herald Canyon. The flow of Pacific water into the Chukchi Sea is of fundamental
importance to the western Arctic ocean-atmosphere-ice system, with consequences for ice-cover,
carbon cycling, and ventilation of the interior halocline. A major, yet largely unexplored, conduit through
which the Pacific water enters the Arctic basin is Herald Canyon. The primary goals of the physical
oceanographic component are to (1) quantify the dynamics in the canyon, (2) explore the relationship
between conditions in the canyon and interannual climate variability, and (3) understand the impact of
the canyon flow on the distribution of nutrients, zooplankton and fish entering the Arctic. In addition to
this, the circulation and water masses of the broad Chukchi shelf, and part of the East Siberian shelf, are
being examined in support of the biogeochemical measurements of RUSALCA-2009.

CTD/Rosette System

A WHOI-provided rosette mounted with twenty-one 10-liter bottles, Sea-Bird model SBE911+ CTD
profiler, upward- and downward-looking RDI Workhorse 300kHz lowered ADCPs (LADCP) and a SeaScan
Video Plankton Recorder (VPR) were used for hydrographic stations on RUSALCA-2009 leg Il. Due to
depth limitations, the VPR was removed from the rosette on 17 September, prior to transiting to the
northern stations in deep water. The CTD sensor suite included dual temperature and conductivity
sensors, dissolved oxygen, 660-nm transmissometer, chlorophyll-a and CDOM fluorometers,
underwater and surface PAR sensors, and an altimeter. Details of the hydrographic equipment used and
the associated data products are given in the appendix.

A total of 134 CTD stations were occupied on leg Il, counting both normal hydrographic and primary
productivity sampling casts at the same station locations. No significant problems were encountered
with the CTD system other than a failure of the oxygen probe near the end of the cruise. The sensor was
quickly swapped out and only a couple of stations were impacted. During two stations in the Alaska



Coastal Current on the CL line the air vent purge hole of the primary pump became clogged with silt. The
secondary sensors worked fine however, and the purge hole was successfully cleaned out. At the
northern stations (series GD and IE), air temperatures of -5°C caused icing of the sensors, which required
significant time to thaw in the water column. Cold conditions contributed to several failures of the PVC
sampling bottles, reducing the total available rosette positions to 19 bottles by the end of the northern
stations. Evaluation of primary and secondary salinity showed that the temperature and conductivity
channel differences remained nil through most of the cruise, lending confidence to the readings as
taken.

The lowered ADCP system was deployed on essentially all of the CTD lowerings except for the primary
productivity casts, for a total of 121 stations. No operational problems were encountered with the
lowered ADCP, and data were recovered from all attempted stations, losing only part of one profile due
to an operator error.

The VPR was deployed on 90 stations. Recharge time for the VPR batteries resulted in skipping
deployments when working on lines with closely spaced CTD stations. Consequently, the VPR was used
on every other station during the high-speed Herald Canyon survey. VPR operations were made more
difficult by several factors, including unstable Ethernet connection to the on-deck VPR to download
data, uncertain power switch behavior on the VPR underwater unit, the requirement to physically
change out and uncase the batteries for the VPR, and the erratic behavior of the charger for the VPR
batteries.

Preliminary Results

Over the course of the 27-day cruise, 11 hydrographic/velocity/VPR transects were completed (Fig. 1).
The three southern Chukchi Sea transects were repeat occupations from the 2004 cruise. In addition,
another high speed survey of Herald Canyon was carried out. New elements of the 2009 survey
included: (1) an investigation of the area surrounding Wrangel Island, including stations in the East
Siberian Sea; (2) extension of the Herald Canyon survey into the mouth of the canyon; (3)
measurements taken on the Chukchi Cap and at the edge of the ice pack.

The hydrographic conditions in the Chukchi Sea were vastly different than in 2004. There was a smaller
volume of weakly-stratified Anadyr water in the southern Chukchi Sea, confined to the middle portion of
the shelf. This may be largely a seasonal effect since the 2009 cruise occurred roughly a month later
than the 2004 cruise (September vs. August). Detailed analysis of the hydrographic data in conjunction
with the meteorological conditions will allow the relative influences of seasonal versus interannual



variability to be sorted out. The water masses on the western side of Herald Canyon were considerably
warmer than in 2004, likely because the resident Chukchi winter water had already drained from the
canyon by the time of the survey. On the eastern side of the canyon the Chukchi summer water was
present farther north into the canyon than observed in 2004. The reasons for this are not entirely
obvious and require further investigation. In general, the hydrography of the canyon was surprisingly
different from RUSALCA-2004.

Another notable difference during RUSALCA-2009 was the presence of the Siberian Coastal Current,
whose influence extended more than 70 km offshore. Again, the meteorological data should prove
useful in understanding why the current was present this year but not in 2004. A full-scale analysis of
the hydrographic and velocity data will not only provide context for the biogeochemical measurements,
but enable us to better understand the circulation and water mass structure of the Chukchi shelf and
why it was so different from RUSALCA-2004.
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Figure 1: CTD/LADCEP stations occupied during leg IT of RUSALCA-2009. VPR data were
collected at most stations except for the four Herald Canyon transects where every other
station included the VPR. The bathymetric contours are from IBCAO-v2.




Appendix: RUSALCA 2009 Hydrographic Support — Equipment Summary

Compiled by Marshall Swartz, WHOI 29 Sept 2009-09-29

For RUSALCA 2009 cruise aboard Prof. Khromov, WHOI supplied and operated the equipment described
below to enable hydrographic measurements for the RUSALCA program.

ROSETTE:
A custom built stainless-steel rosette with 21 10-liter bottles was used on every CTD station. This
included a SBE32 24-position release pylon.

CTD:

The CTD equipment on the rosette:

(Note: specific details of serial number, channel assignment and calibration data are in the configuration
file for each station.)

SBE9+ CTD rated to 7000m

SBE11+ CTD Deck unit, ver V2.

Dual SBE3 (temperature) and SBE4 (conductivity) sensors with two SBE5 pumps.
SBE43 oxygen sensor on the primary pump.

WETLabs Cstar 660nm, 25cm pathlength transmissometer

WETLabs ECO-FLRTD chlorophyll-a fluorometer

WETLabs ECO- CDOM fluorometer.

Biospherical QSP-2300 underwater PAR sensor

Benthos PSA-916 altimeter

Biospherical QSP-2200 surface PAR sensor

LADCP:
Two RD Instruments WHS-300 300kHz lowered ADCP systems with WHOI 48-volt underwater battery
mounted on rosette.

VPR:

SeaScan AVPR with SeaScan battery mounted on rosette.

Data downloaded after each VPR station with Cat-5 cable attached from deck to lab.

Computer in lab connects to VPR as a mapped network drive. Data is transferred by windows copy.
Data is backed up from lab computer to external hard drive.

GPS:
Garmin GPSMap182 with Garmin GA29 external antenna mounted on the 500 (bridge-level) deck. GPS
serial port is setup to deliver 2-second NMEA GPGGA sentences.

GPS logging PC and capture software:



An Acer One 160GB 1.6GHz laptop running Win XP-Pro SP3 OS was dedicated to acquire the NMEA data
from the Garmin GPSMap182. A Keyspan USA49WG serial-USB adapter provided the required serial
port, with a Keyspan version 3.6 driver installed on the PC. Hyperterminal software was used to open
the serial port and capture the NMEA data at 4800baud to a capture file. The capture file was kept open
continuously until it grew large enough to be gracefully ended and a new capture file started. The
capture file is ASCIl text readable with Notepad. The files were not concatenated into one file.

Depth logging PC and capture software

An Acer One 160GB 1.6GHz laptop running Win XP-Pro SP3 OS was dedicated to acquire depth data
from the NMEA depth output of the Khromov bridge depth finder. Unfortunately, it was not possible to
attach our serial cable to the unit, since the only output port of the depth sounder was attached to the
ship’s Sperry data management system. A solution was found by which we ran a Cat-5 cable from the
Bridge to the CTD lab, one end attached to the Sperry ship data system network port, and the other to
the Ethernet RJ45 connector on the Acer PC.

On the Acer PC we installed software provided by the Khromov Radio Operator to link to the Sperry
Vessel Data Recorder (VDR) Explorer software, by Danelec Marine A/S, version 1.40.00. This linked to
the VDR via a TCP/IP port and provided a graphical interpretation of the seafloor depth using the
SSDDBK (Depth below keel) NMEA sentence, as well as GMT time, date, latitude, longitude, COG,
heading and other parameters. Every 30 seconds the software display was captured using Snag-it
version 6 software, writing a .BMP file with sufficient resolution to enable reading the depth display.

The resulting space taken on the laptop hard drive is about 66 GB. We will attempt to reduce the
required file space by importing the files into IView Media Pro 3 software to create a Quicktime version
3 .MOV file, to enable rapid viewing of the depth field along with time, date and position by manual
viewing and transcription.

Data Products - RUSALCA 2009 CTD/LADCP/VPR/Underway

CTD Data LADCP Data Underway Data
- Second leg only
- First and second leg - Second leg only
- Total size “310MB - Totalsize 560MB
- Datareadable by SeaSave 7 - Datareadable by ADCP Depth screen captures
- Totalsize
software. software.

- Five types of raw files: - 30 sec.ond scr.een. grab fro.m Khromov S!)erry bridge data.
o .CON - Made into gulcktlm.e movie to reduce size.
- Shows GMT date, time, GPS lat, lon, depth (m) under keel.

o .HDR
o .HEX
o .NAV GPS data capture
c .BTL - Total size ~600MB
- Three types of processed files: - 2second update on NMEA data from WHOI GPS in lab.
o BTL, VPRData - Nearly continuous data on leg 2

¢ _PAVG.CNV, 1-decibar - Second leg only.
pressure averaged data. - ~1GB per station.
¢ _TAVG.CNV, 1second - Total size ~48GB.

CTD station loghook
LADCP station logbook
- Separate books
- Original paper.
- One sheet per station each book.

averaged data. - Nothuman-readable,

requires special
software.

- Two external hard
drives for data backup.




Hydrochemical Nutrient Distributions and Dynamics

Terry E. Whitledge and Mike Kong, University of Alaska Fairbanks

We conducted a coordinated and quantitative study of the productivity responses to nutrient

and biological processes in the northern Bering and Chukchi Seas. Our

goals were to:

1. Quantify the range of nutrient, phytoplankton biomass and productivity in water masses
distributed in the northern Bering and Chukchi $eas

2. Establish physical and chemical factors that are conducive to maintenance of relatively large
rates of primary production.

3. Compare contemporary rates with those obtained in the previous decade for assessment of rate
changes under the present warm temperatures.

Samples were collected at all CTD stations for both legs 1 and leg 2 and were analyzed for
nutrients onboard. Raw data peaks were recorded for each sample and future data processing

will be necessary to determine final concentrations.

Equipment utilized

1. Alpkem Model 300 Rapid Flow Nutrient Analyzer (5 channels for analysis of
phosphate, silicate, nitrate, nitrite, ammonium) including 5 photometers, 2 pumps and 1
sampler.



Biological Oxygen Demand
Elana Bondareva

The main objective of this investigation was to collect data about biological oxygen consumption in the
Chukchi Sea.

Equipment utilized:

1. Digital burette BRAND (Germany)
2. Digital pipettes Lenpipet (Russia) 0.1 — 1mn, 0,5 -5 mn
3. Oxygen bottles

Water samples were collected at biological stations at the bottom horizons and analyzed for biological
oxygen consumption. Two samples were taken from one Niskin bottle. In one of them oxygen was
measured right away, second was measured after 5 days. Then the biological oxygen consumption was
calculated as difference between first and second values.

List of stations were water samples were collected is shown in table 1.

Table 1.

Data Nst Cast Depth

09/06/2009 cend 3 bottom
09/07/2009 cen3 4  bottom
09/07/2009 Is4 5 bottom
09/07/2009 Is3 6 bottom
09/08/2009 Is1 7 bottom
09/09/2009 ssd 8 bottom
09/10/2009 wn3 9 bottom
09/11/2009 wnlc 10 bottom

09/11/2009 wn2 11 bottom



09/11/2009
09/13/2009
09/14/2009
09/14/2009
09/15/2009
09/15/2009
09/15/2009
09/16/2009
09/16/2009
09/17/2009
09/17/2009
09/17/2009
09/20/2009
09/22/2009
09/22/2009
09/24/2009
09/24/2009
09/24/2009
09/25/2009
09/25/2009
09/26/2009
09/27/2009

09/28/2009

wnl
hc49
hc55-1
hc58
hc45
hc42
hc40
hc26
hc21
hcl5
hcl
hc60
gdl
ie2
ie2
cl1
cl2
cl3
clé
cl7
cs4
cs12

csl6

12

13

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom

surface

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom

bottom



RUSALCA CO2 Processes Cruise Report, September 2009
Marlene Jeffries
Bermuda Institute of Ocean Sciences

With sea ice retreating further each year during the summer months, the exposure of CO2-
undersaturated waters requires the need to understand how this water will uptake atmospheric CO2 and
what the consequences of that additional CO2 are in the Arctic ocean e.g ocean acidification. For the
Rusalca cruise, the main objective of our lab was to take inorganic carbon samples and total organic
carbon (TOC) samples at all stations to gain more understanding about the CO2 processes in the Arctic
Ocean. To do this, we sampled each depth from all CTD rosette casts for both DIC/Alkalinity and TOC.

Sample methods.

The DIC/TA samples were drawn from the rosette first before other samples were taken to reduce loss of
CO2 through offgassing. They were drawn into 200ml glass bottles using a silicon tube to fill from the
bottom and allowing the water to overflow 3-4 times the bottle volume. The tube is removed leaving a
small headspace and the samples are capped. The samples were then treated with 100ul of mercuric
chloride to kill biology within the sample and stored in cases. The samples were stored on deck for a
while in cool temperatures, but were moved into the lab when possible freezing could have occurred and
were then stored at or near room temperature.

The TOC samples were drawn into 60ml Amber high-density polyethylene wide mouth bottles from the

CTD
rosette. Once drawn, the samples were capped and stored in a freezer for the remainder of the trip.

Underway pCO;

Unfortunately, the Professor Khromov did not have an underway system to which we could hook up the
underway pCO, (SAMI) system. There were no measurements taken for pCOs,.

Stations and samples

Leg 1

For leg 1, DIC was collected by Terry Whitledge's group during the transects of Bering Strait. Every
station was sampled during the BS line and alternating stations were sampled during the AL line. In total,
37 stations were sampled with a total of 108 samples taken at various depths. See the below table for
the stations and number of samples per station. TOC was not sampled during this leg.

Leg 2

During leg 2, 116 CTD casts were sampled for both DIC and TOC. In total, the number of DIC/TA

samples drawn was 651 (including duplicates) and the number of TOC samples was 641. See the below
for the stations and number of samples per station during leg 2.

Leg Station Date (UTC) Time (UTC) #DIC #TOC
1 BS1 - - 3 0
1 BS2 - - 3 0
1 BS3 - - 3 0
1 BS4 - - 3 0
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Microbiological and biogeochemical aspects of carbon and sulfur cycles in
water column and bottom sediments of Chukcha Sea.

A.S.Savvichev, E.E. Zakharova

Winogradsky Institute of microbiology of the Russian Academy of Science,
Moscow, Savvichev@mail.ru; (499)1357977

The information on the biogeochemistry of the carbon cycle in the Chukchi Sea
water column and sediments which was available before the works of RUSALCA
project was limited to the data on primary production and organic carbon content
in the upper sediment levels (2001; Naidu et al., 2004). The only microbiological
publication was concerned with the total bacterial numbers in the Chukchi Sea

water column (Tsyban' et al.).

In the course of RUSALCA-2004 expedition, the first quantitative characterization
was obtained of the role of microorganisms in the key processes of the carbon
cycle: dark CO, fixation, methane oxidation, and syntrophic decomposition of
organic matter with methane and sulfide emission. Methane supersaturation of
the upper water layers was recorded for several stations in the Herald canyon;

CH4 emission to the atmosphere is therefore probable.

The goal of the planned RUSALCA-2009 work was to verify and specify the
microbiological and biogeochemical data, focusing on the bottom sediments of
the Chukchi Sea. Unusually high concentrations of biogenic elements were
recorded in the silt water of the upper horizons of these sediments at several

stations. A more detailed study of anaerobic microbial processes, primarily of
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methanogenesis in the bottom sediments is also required. The small number of

bottom samples collected with geological cores was sufficient only for an

approximate estimate of the role of microorganisms in methane production in the

Chukchi Sea.

Extensive material collection for the study of stable carbon isotope distribution in

organic matter and in the products of microbial geochemical activity was also

planned within the frame of the proposed project.

3. Project Description:

Microbial Biogeochemistry of Carbon Cycle in the Sediments and Water Column

in the Chukchi Sea

The research program is a part of the complex of research of the short- and
long-term changes of the matter turnover in the Arctic basin. In order to
calculate the rates of the processes of transformation of organic matter in
the sediments and water column of marine environments, quantitative
data on microbial biogeochemical processes are necessary. The knowledge
of the rates of microbial processes is essential for the comprehensive
description of Chukchi Sea ecosystem.

A warming of the Arctic climate is expected, which can cause a substantially
increase in microbial methane production; the quantitative characterization
of this process is therefore important. Increased methane production may
lead to elevated concentrations of this greenhouse gas in the atmosphere
and therefore to further warming.

The proposed research project is based on the results of the RUSALCA-2004
project. As its first stage, the proposed program includes the monitoring of
the complex of microbiological and biogeochemical measurements in the



southern part of the Chukchi Sea and in the Herald Canyon. The need to
expand the region of research to the north of Herald Canyon was
determined on the basis the previously obtained data on methane
concentration and activity of the key microbial processes.

e The results of RUSALCA-2004 project indicated the necessity of the
investigation of the interactions between sediments and the water column.
The biogenic processes in the upper sediment layers are genetically related
to the processes of organic matter production and transformation in the
water column of the Chukchi Sea. The trophic chain of the processes of the
Chukchi Sea ecosystem includes aerobic and anaerobic decomposition of
organic matter by the microbial population of the sediments. Long (over 2
m) cores of bottom sediments are necessary for the quantitative estimation
of microbial methane production in these sediments. Unfortunately, the
amount of this material obtained in the course of RUSALCA-2004 project
proved insufficient.

e Extension of the research season at the southern monitoring stations,
which are free from ice cover for more than three months would have
constituted a fundamental breakthrough in the data accumulation required
for completion of the tasks of the RUSALCA project. Knowledge of the
contribution of microbial processes in the functioning of the whole Chukchi
Sea benthic and pelagic ecosystem is essential for the monitoring of both
short- and middle-term changes of the water masses and flows of this
region.

e The particular tasks proposed below (determination of plankton
productivity, quantitative biogeochemistry of the biogenic elements in the
bottom sediments, functioning of the benthic community, etc.) are
completely integrated with the interests of American partners.

The goal of the program: quantitative determination of the rates of microbial
processes of transformation of methane and organic matter in the water
column and in the bottom sediments of the region of research, and integration
of these results in a general RUSALCA program.

Particul